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1. Conditions for Estimating Antimony by the Permanganate Method : 
Potentiometric Titration. 


By W. Pucu. 


THE method most in use for the estimation of antimony in its alloys is that of Low (J. 
Amer. Chem. Soc., 1907, 29, 66) or one of its modifications [Demorest, J]. Ind. Eng. Chem., 
1913, 5, 842; McCabe, zbid., 1917, 9, 42; Shaw, Whittemore, and Westby, ibid. (Anal. 
Edn.), 1930, 2, 402], involving titration by permanganate in acid solution. When using 
solutions of pure antimony, however, the author was unable to get consistent results. 

Until recently, the method was often regarded as empirical and factors were given for 
use with it (see, e.g., Sutton, ‘“ Volumetric Analysis,” 1924, p. 159), but this is doubtless due 
to the erroneous atomic weight in use for antimony (120-2) until 1921; with the new value 
of 121-76 (Willard and McAlpine, J. Amer. Chem. Soc., 1921, 43, 797) this objection dis- 
appears, for it is now possible to obtain concordant standardisation of permanganate on 
antimony and on sodium oxalate. Under the proper conditions, the author obtains 
agreement by the two methods to within 1 part in 3,000. 

The condition necessary for this agreement is essentially the proper adjustment of the 
relative quantities of sulphuric and hydrochloric acids used. Too little of the latter leads 
to low results on account of the precipitation of a basic antimony salt, and too much leads 
to the reduction of permanganate by chloride ions, with liberation of chlorine, and the 
end-point becomes barely perceptible. When the ratio of the two acids is properly adjusted, 
the oxidation of tervalent antimony proceeds stoicheiometrically according to the equation 
4MnO,’ + 5Sb,0, + 12H* —> 4Mn”™ + 5Sb,0, + 6H,O, and the estimation of antimony 
becomes one of the simplest and most accurate of volumetric processes. 


Potentiometric Titration—The effect of varying the quantities and the ratio of the two 
acids on the accuracy of the method was investigated by potentiometric titration. A stock 
solution was made by dissolving 2-9736 g. of Kahlbaum’s Sb in 30 c.c. of conc. H,SO,, diluting it, 
boiling off traces of SO,, and making it up to 500 c.c. with 125 c.c. of conc. HCland H,O. The 
KMnOQ, was standardised with this solution, and found to be 0-09062N; against Na,C,O, it 
was 0-09060N. 

For the electrometric titration, 20-00 c.c. of the Sb solution, in an initial vol. of 180c.c., were 
taken in every case. This initial vol. contained measured amounts of conc. HCl and of conc. 
H,SO, which had previously been diluted and boiled to expel SO,. The titrations were made at 
room temp. (15—17°) and the liquid was stirred mechanically. 

A bright Pt wire dipping into the liquid constituted one half-element; the other was the 
satd. HgCl electrode connected through an agar-agar-KCl bridge. The E.M.F. of the com- 
bination was measured after each addition of KMnO,. In Table I, E is the E.M.F., it being 
assumed that the potential of the satd. HgCl is zero. 

In every titration, except two where the acid concn. was so low that the solution was cloudy, 
the potential assumed a steady value immediately over the whole titration up to the equivalence 
point. Beyond this point a fairly rapid upward drift set in, probably owing to interaction 
between KMnO, and HCl. The change of potential in the neighbourhood of the equivalence 
point is very large, being about 300 millivolts. Since the titration readily shows the influence 
of [H’] it is well adapted to illustrate the principles of oxidation potentials. 

B 
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In every case, the KMnO, colour change is coincident, to within 0-02 c.c., with the potentio- 
metric end-point, the colour change being slightly delayed. 

In Table I are the results of three complete titrations. Numerous others were carried out 
under different conditions of acidity and these are summarised in Table II, where the influence 
of the ratio H,SO, : HCl is clearly seen. Some of the results are also plotted in the fig. The 
theoretical titre is 21-56 c.c. 


Titration of 20 c.c. Sb soln. (0°09769N) with KMnO, (0°09062N). 
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Table II shows that low results are obtained when the [H*] islow. On the other hand, above 





a certain min., the amount of acid has no influence on the accuracy of the electrometric titration, 
although the colour change becomes less readily detectable as the Cl’ ion concn. increases. In 
order, therefore, to get accurate results in the volumetric estimation of Sb it is necessary to adjust 
the quantities of HCl, within certain limits, according to the quantity of H,SO, present. These 
limits. according to the data in Table II, are set out in Table III for a total vol. of 200 c.c. : 














Permanganate Method: Potentiometric Titration. 











TABLE I. 
20 C.c. of antimony solution ; final volume, 200 c.c. 
Solution A. Solution B. Solution C. 
KMn0O,, oa —_—_—_—_—. ¢ - . 
6c. E. AE/Aac. E. AE/AC. i. AE/Ac. 
5 — 0-690 0°684 
10 0-730 0°710 0°704 
15 0-746 0°728 0-722 
20 0-768 0°758 0-752 
21-00 0-786 0°770 0-766 
21°20 0-792 0-780 0°776 
21°40 0°804 yi oan 
21°44 0°810 ‘79 7 
21:48 0-828 .-. 0-794 a 0-806 ao 
21°52 0-872 0°810 = 0°838 
2800 : 3950 4 4200 
21°56 0°984 700 0°968 950 1-006 900 
21-60 1-012 600 1-006 350 1-042 350 
21°64 1-036 1-020 1-056 
22°0 1-084 1-080 1-08 
23-0 1-106 1/100 1:10 
25-0 1119 1-112 1-11 
Solution A contained 30 c.c. of conc. HCl. 
Solution B contained 40 c.c. of conc. HCl. 
Solution C contained 20 c.c. of conc. HCl + 20 c.c. of conc. H,SO,. 
TABLE II. 
20 C.c. of antimony solution; initial volume, 180 c.c. 
C.c. of conc. acid C.c. of conc. acid 
present. Error, Duration present. Error, Duration . 
H,SO,. HCl. Titre. %. of colour. H,SO,. HCl. Titre. ye of colour. 
1 15 21°35 —1 2—3 min. 10 20 21°52 —0-2 30 sec. 
1 20 21°45 —0°5 1—2 min. 10 30 21°55 —0°05 20sec. 
1 30 21-54 —0'1 1 min. 10 40 21°57 +0°05 evanescent 
1 40 21°56 +0°0 30 sec. 20 5 21°32 —1-2 2—3 min. 
1 50 21-56 +0°0 20 sec. 20 10 21-50 —0°3 1 min. 
1 60 21°57 +0°05 evanescent 20 15 21°54 —0°1 30 sec. 
5 20 21-50 —0°3 1 min. 20 20 21°56 +0°0 15 sec. 
5 30 21°55 —0°05 30sec. 20 30 21°57 +0°05 evanescent 
5 40 21°55 —0°05 5 sec. 30 5 21°54 —0'1 30 sec. 
10 10 21°33 —Il1 1—2 min. 30 10 21°56 +0°0 15 sec. 
10 15 21°44 —0°6 1 min. 30 15 21°57 +0°05 5 sec. 
TABLE III. 
Come. BS, C.6.  scasseceseceses 0 10 20 30 
a, BE, hdidaxcenssvancoes 30—50 30—35 15—20 10—15 


Estimation of Antimony in Lead—Tin Alloys.—The best solvent for such alloys is boiling conc. 
H,SO,, which dissolves Sn as Sn'V and Sb as Sb!!!_ In such a solution, Demorest (loc. cit.) and 
McCabe (loc. cit.) estimate the Sb by addition of excess of KMnO, and back-titration with 
FeSO,. This method is empirical and is liable to give results for Sb which are high by 1%. 
This is due to the fact that in absence of HCl the reduction of KMnO, by Sb’ ion does not 
proceed quantitatively to Mn“ except under special conditions, any departure from these leading 
to partial reduction to tervalent Mn. 

In view of the great accuracy of the estimation in the presence of HCl, as shown by the 
electrometric titrations, the author has adapted the method for antimony alloys. In any 
method involving the use of H,SO, for solution, considerable error may be caused by occlusion 
of Sb salts in the pptd. PbSO,. Three methods of avoiding this were tested. 

Method I. A suitable wt. of the alloy (containing about 0-1 g. of Sb) was decomp. with 
20 c.c. of conc. H,SO, and 5 g. of fused Na,SO, until the residue was quite white. After cooling, 
50 c.c. of HO were added and the whole was boiled for 5 min. to expel SO,. 20 C.c. of conc. 
HC] were then added, and the liquid well shaken, diluted to 180 c.c., cooled to 15°, and titrated 
with KMnO, to a pink flush. 

Method II. The alloy was dissolved completely in 20—50 c.c. of conc. H,SO,, according to 
the amount of Pb present, the liquid cooled, diluted to 100 c.c. and set aside. The clear solution 
was decanted from PbSO, and boiled for 5 min. to expel SO,. The PbSO, was boiled with the 
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appropriate vol. of conc. HCl (see Table III) and an equal vol. of H,O. When the PbSO, was 
completely in solution, it was washed into the main bulk of Sb solution, cooled to 15°, and 
titrated with KMnQ,. 

Method III. The procedure was that of method II, but the liquid was titrated hot (40— 
60°), the addition of KMnO, being slow to prevent loss of chlorine; near the end-point, a few 
drops of methyl-orange were added, and the titration continued to the discharge of the indicator 
colour. The end-point was perfectly sharp and very little Pb salt separated. 

These three methods were tested on mixtures of the pure metals, with the results shown in 
Table IV. Three commercial alloys were then selected, alloy II being heavily contaminated with 
Cuand Fe. The results on these are in Table V. 

For the mixtures, the results by method I are inconsistent; and for the alloys, they are low 
as well. The results by method II are higher but still inconsistent : some Sb either remains 
undissolved or is coprecipitated with the Pb salt on cooling. Method III is therefore recom- 
mended as giving the best results; it is also the quickest for routine purposes. Sn may be 


TABLE IV. 
Content, %. Content, °%. 

, Sb Sb —oooo Sb Sb 

Pb. Sn. Sb. taken, g. Method. found, g. Pb. Sn. Sb. taken, g. Method. found, g. 

— — 100 0°1191 I 0°1191 85 4 11 0°1210 I 0°1209 
0°1200 I 0°1200 071208 I 0°1202 
0°1203 III 0°1204 0°1204 I 0°1180 
0°1217 III 0°1218 071213 il 0°1213 

65 12 23 0°1209 I 0°1213 0°1208 II 0°1205 
0°1201 I 0°1201 0°1208 II 0°1208 
0°1219 I 0°1216 0°1196 III 071194 
0-0613 I 0-0610 0°1191 Ill 071191 

40 ~ 60 0°1220 I 0°1226 O'1191 Iil 0-1189 


0°1194 III 0°1193 
0°1200 Ill 0°1199 














TABLE V. 
Sb, found, %; and method. 
Alloy I. Alloy II. Alloy IIT. 
s ~ 7 feeeies: ~ 
I. II. III. I II. IIT. I. II, Ill. 
22°43 22°66 22-90 9°27 9°42 9°85 15°27 = 15°36 
22°41 22°65 22°95 9°21 9°43 9°81 15°20 — 15°38 
22°34 22°61 22°85 8°80 9°51 9°83 —- a 15°37 
22°57 22°47 22°90 —- 9°77 9-80 _- - 15°35 
22-40 —- — —- 9°60 — 
—- 9°38 --- 


determined in the same solution by reduction and titration with I; Pb and Cu may be deter- 
mined in separate portions of the alloy. A complete analysis of the three alloys gave the 
following results : 


Pb. Sn. Sb. Cu. Fe. Total. 

gg Sa ee ee 63°6 13°42 22-90 — — 99°92 

igs pS Re 85-0 3°98 9°83 0°95 0°14 99:90 

a, |= OES 78°9 5°70 15°36 on as 99-96 
SUMMARY. 


1. The oxidation of tervalent antimony by potassium permanganate has been followed 
potentiometrically and found to be stoicheiometric under the proper conditions. 

2. The essential condition for correct results when titrating in the cold is to adjust the 
amount of hydrochloric acid according to the amount of sulphuric acid present. 

3. The method gives low results in the presence of lead because the lead sulphate 
occludes considerable amounts of antimony sulphate. 

4. This source of error is obviated in the modified method described, according to which 
the lead sulphate is maintained in solution in the presence of hot hydrochloric acid and the 
solution is titrated at 40—60° with permanganate, with methyl-orange as indicator. 


UNIVERSITY, CAPE Town. [Received, November 14th, 1932.] 
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2. A New Volumetric Method for the Estimation of Dithionates. 
By S. GLassTonE and A. HICKLING. 


THE surprising stability of dithionates in the presence of acids and of oxidising agents 
renders their estimation difficult. A gravimetric method involving fusion with a large 
excess of alkali nitrate was proposed by Baubigny (Compt. rend., 1909, 149, 1069; see 
also Miiller, Bull. Soc. chim., 1916, 19, 8), and volumetric methods, involving the dis- 
tillation either of sulphur dioxide or of bromine, were suggested by Ashley (Amer. J. Scz., 
1906, 22, 259), Fischer and Classen (Z. angew. Chem., 1922, 35, 198), and Mayr and Szent- 
paly-Peyfuss (Z. anorg. Chem., 1924, 131, 203). A rapid process for estimating dithionate 
was required and, since the published methods were tedious and did not readily give 
reliable results, a new method has been devised which is both rapid and accurate. 

Yost and Pomeroy (J. Amer. Chem. Soc., 1927, 49, 703) found that the rate of oxidation 
of a dithionate in acid solution is almost independent of the concentration or nature of 
the oxidising agent (K,Cr,0,, KBrO,, or KIO,), but probably depends on the rate of 
decomposition of the dithionic acid into sulphuric and sulphurous acids, which is catalysed 
by strong acids. It appeared possible, therefore, that by boiling a dithionate with a 
strongly acidified solution of dichromate quantitative oxidation to sulphate would occur : 
Cr,0,” + 38,0,” + 2H* = 2Cr” + 6SO,” + H,O. Since the dichromate is stable and 
non-volatile, its decrease of concentration, determined iodometrically, should be a measure 
of the dithionate originally present. This possibility has been tested and found to 7 
a basis for a new volumetric method of estimating dithionates. 


The following is a typical example of the procedure adopted. To 25 c.c. of a 0-0125M- 
solution of Na,S,0,,2H,O, prep. by Baubigny’s method (Compt. rend., 1910, 150, 466) and 
checked by gravimetric analysis (Baubigny, ibid., 1909, 149, 1069), were added 10 c.c. of 0-025M- 
K,Cr,O, and 10 c.c. of approx. 1ON-H,SO,; the mixture was boiled for 1 hr., H,O being added 
from time to time to replace loss by evaporation. After cooling, 5 c.c. of 10% KI aq. were 
added and the liberated I was titrated with Na,S,O,, starch being used as indicator; no difficulty 
was experienced in obtaining a sharp end-point. In two expts., 17-52 and 17-49 c.c. of Na,S,O, 
aq. were used; mean = 17-51 c.c. The 10 c.c. of 0-025M-K,Cr,O, required 30-01 c.c. of the 
Na,S,O, aq.; hence the S,0,” present in 25 c.c. of the solution used = 12-50 x 10-0/30-01 c.c. 
of 0-025M-K,Cr,O,. The concn. of the S,0,” solution is thus found to be 0-0125M, in exact 
agreement with the actual value. 

If it is required (cf. Haber e¢ al., Ber., 1932, 65, 729; Z. physikal. Chem., 1932, B, 18, 103) 
to analyse mixtures of SO,”’ and S,0,”, the former may be removed by boiling with dil. (approx. 
0-5N) AcOH for about 15 min., and the S,0,” then determined by the method described. The 
AcOH must be freed from oxidisable impurities by distillation from CrO,;. The SO,” in the 
mixture may be estimated by allowing the standard K,Cr,O, aq. to liberate I from KI in the 
cold and adding the mixture to be analysed; the excess I is titrated with Na,S,0,;. Under 
these conditions the SO,” only is oxidised and the S,0,” remains unattacked. The method 
has been found satisfactory for a number of mixtures of SO,” and S,0,”; in addition to its 
simplicity, it has the merit of requiring only one standard solution, viz., K,Cr,O,. 


THE UNIVERSITY, SHEFFIELD. [Received, November 23rd, 1932.] 





3. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part VI. Alkaline Solutions of Thorium Tartrate. 


By H. T. S. Britton and WitiaM E. BAtTrrick. 


ParT IV (J., 1932, 196) recorded a study of the complex formation occurring in alkaline 
solutions of lanthanum tartrate, lanthana having been selected as an example of a moder- 
ately strong base. The work on a very weak base, thoria, is now described. Like lan- 
thana, thoria is held in alkaline solutions as a somewhat indefinite basic tartrate, the 
composition of which depends on the treatment accorded to the solutions, The cause of 
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this is still unknown, but the present work reveals that a small amount of the sodium 
tartrate is incorporated in the complex. These conclusions, although in harmony with 
preliminary work by Britton (J., 1926, 269) and subsequent work by Dumanski and 
Chalisew (Kolloid-Z., 1929, 47, 121) and Morton (Trans. Faraday Soc., 1932, 28, 84) on 
the nature of hydroxy-acid complexes, are in direct opposition to the usually accepted 
view that definite complex metallic tartrates are formed in which the metallic base is 
situated in the alcoholic groups. For instance, according to Rosenheim, Samter, and 
Davidsohn (Z. anorg. Chem., 1903, 35, 424), optical activity experiments reveal that the 
O-CH:CO,’ 
O-CH:CO,”” 
The present work deals with a potentiometric and conductometric study of the formation 
of complex solutions by addition 
Fic. 1. of sodium tartrate to thorium 
chloride, and also of the behaviour 
of these solutions towards sodium 
hydroxide. 


thorium exists in alkaline tartrate solutions in a complex anion OTh< 


Errect or NaOH 
ON 


CompLex THoRIUM EXPERIMENTAL. 


TARTRATE SOLUTIONS. oe , 
The variations in py at 18°, 


measured by means of the hydrogen 
and quinhydrone electrodes, and in 
sp. conductivity at 25°, during the 
progressive addition of 
0-05M-Na,C,H,0, 

to 100 c.c. of 0-01M-ThCl, are 
indicated by curves I in Figs. 1 
and 2 respectively. During the 
first 2-3 equiv. the , fell to the low 
value of 2-07 and the sp. conduc- 
tivity rapidly rose from 4-53 x 10° 
to 7-1 x 10% mho. At this point of 
max. acidity, pptn. of basic thorium 
0 2 4 6 8 10 2 tartrate began, but the ppt. had 
largely redissolved when 4 equiv. of 
tartrate had been added ; the precise 
point at which complete dissolution took place depended on such factors as the rate of addition, 
agitation, and temp. The py curve corresponding to the addition of excess Na,C,H,O, shows 
that the solution was strongly buffered in the region of py 4 through the presence of the acid 
which had been liberated during pptn. and had failed to recombine with the Th on the dissolu- 
tion of the basic tartrate. The broken line V in Fig. 2 represents the sp. conductivities due to 
the NaCl which would have been formed if the normal thorium tartrate had been pptd., and 
the added Na,C,H,O,. The actual conductivities are somewhat lower; this may be due to 
diminished ionisation of the complex tartrate solution, since the sp. conductivity of any 
NaHC,H,0, present is not likely to be very different from that of a corresponding amount of 
Na,C,H,Og. 

A series of hydrogen-electrode titrations with 0-1N-NaOH was made on ThC], solutions to 
which various proportions of Na,C,H,O, had been added, viz., 1-1, 1-4, 2-0, and 10 mols. to 
1 mol. ThCl,. The respective curves are given in Fig. 1 and are marked A, B, C,and D. The 
solutions titrated were, respectively, 100 c.c. of 0-01M-ThCl, + 22-0 c.c. of 0-05M-Na,C,H,O,; 
100 c.c. of 0-01M-ThCl, + 28 c.c. of 0-05M-Na,C,H,O,; 100 c.c. of 0-01M-ThCl, + 40 c.c. 
of 0:05M-Na,C,H,O,; and 100 c.c. of 0-01M-ThCl, + 40 c.c. of 0-25M-Na,C,H,O,. In the 
first case, the initially clear solution began to precipitate soon after 1 equiv. of NaOH had 
been added. Above py 7 the ppt. passed into a fine colloidal suspension, but at no time did 
the solution become entirely clear. The amount of Na,C,H,O, present corresponded to the 
limiting amount for complex formation; smaller amounts gave rise to precipitable solutions. 
If the complex anion suggested by Rosenheim, Samter, and Davidsohn (Joc. cit.) had existed 
in these solutions, then it would have been expected that 1 mol. of Na,C,H,O, would have 





Sodium tartrate, equivs. (curve I). 
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sufficed to produce a clear solution on the addition of alkali. In the second titration the ppt. 
had completely dissolved on addition of 1-5 equiv. of NaOH. 

It was suspected that the low py of 2-07 set up when just over 1 mol. of Na,C,H,O, was 
added to the ThCl, was caused by the liberation of HCl by hydrolysis, and that therefore the 
first section of curve B was that of the neutralisation of this acid. This supposition was sub- 
stantiated by the following data, which are the py values set up during the titration and those 
of a quinhydrone electro-titration by 0-1N-NaOH of 128 c.c. of solution containing 15-4 c.c. 
of 0-1N-HCI (i.e., equal to the vol. of 0-1N-NaOH required for neutralisation, cf. B) : 


NaOH, equivs. ......... 0 0°4 0°8 1-0 1-2 13 14 15 
Din, GHD, cs cckssriisecsesse 2°04 2°18 2°34 2°49 2°68 2°90 3°13 3°90 
Pu due to HCl ......... 2°02 2°14 2°32 2°47 2°67 2°86 3°13 3°64 


Hence, it appears that the reaction occurring during the addition of the first 2-46 equiv. of 
Na,C,H,O, to the ThCl, can be 
represented by the equation Fic. 2. 


ThCl, + 1-23Na,T + 1:-54H,O—> Precipitation of 
1-54HCI + 2-46NaCl + Baste| Thorium 
Th(OH),-54T 1-25- 70 artrate 


If the basic tartrate, thus formed, 
underwent no further reaction on 
further addition of Na,C,H,O,, 
other than the partial pptn. that 
occurred, it would be expected 
that the ensuing reaction would 
be with the HCl alone. To test 
this view, a solution having the 
NaCl and HCl concns. indicated 
by the equation was prepared and 
titrated conductometrically with 
0-05M-Na,C,H,O,. Curve IV in 
Fig. 2 shows that the initial x was 
but slightly higher than that 
prevailing when 2-46 equiv. of 
Na,C,H,O, had been added to the 
ThCl,. The rapid fall in conduc- 
tivity that ensued on adding 
Na,C,H,O, to the HCl solution 
nearly reproduced that shown by 
curve I, and therefore proves that 
the equation is approx. true. This 
would point to the equation 


0-77H,T + 4NaCl + 
Th(OH),. 5471-23 3-8 D 4 


as representing the reaction with gurvacenrs or WWaOH 
6 q 
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2 mols. of Na,C,H,O,. It happens, ; 
however, that the pg of the 34 : 4 
titration mixture of the reactants 0 2 4 6 8 10 12 

in the above proportion was only Sodium tartrate, equivs. (curve I). 

2-50. Such a low pg could not 

have been set up by 1-54 equiv. of tartaric acid (i.e., 15-4 c.c. of 0-1N-C,H,O, in 140 c.c. of 
solution); and consequently it appears that there must have still existed some hydrolysed 
HCl in the solution; in fact, it is estimated that 0-42 equiv. of HCl must have remained as 
such, and therefore that an equiv. of Na,C,H,O, must have escaped attack. The equation for 
the reaction with 2 mols. of Na,C,H,O, would thus become: 


0-42HCI + 0-56H,T + 3-58NaCl + [Th(OH),.54T}-23 + 0-21Na,T] 
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As the 0-21 mol. of Na,C,H,O, was not attacked by the HCl, it was considered that the 
Na,C,H,O, had become associated with the soluble basic thorium tartrate in forming an inert 
complex that neither contributed to the conductivity of the solution nor exerted any buffer 
action on its [H"]. A solution was prepared containing the solutes in the concns. suggested 
by the foregoing equation, with the exception of the basic thorium tartrate and the little associ- 
ated Na,C,H,O,, and the p, values at 18° and sp. conductivities at 25° were measured when 
0-05M-Na,C,H,O, was added. In Table I the data obtained are compared with those given 
in the original ThCl, titrations at the comparable stages. 


TABLE I. 


A. Titration of 100 c.c. of 0°01M-ThCl, + 40 c.c. of 0°05M-Na,C,H,O, with 0°1N-Na,C,H,O,. 
B. Titration of 140 c.c. of a solution containing 4°20 c.c. of 0°1N-HCI, 11-2 c.c. of 0°1M-C,H,O, and 
35°8 c.c. of 0°1M-NaCl, with 0°05M-Na,C,H,O,. 


Na,T, equiv. ...... 0°00 025 0°50 1:00 1:50 2:00 3:00 4:00 
xa X 10°, mhos ... 442 414 3:90 3°70 3°69 3°76 3°96 4:17 
xp X 10°, mhos ... 448 410 3°85 365 3°62 3°70 3:90 4:11 
Na,T, equiv. ...... 00 O04 08 12 1°6 20 2-4 3°2 4:0 5:2 72 10°0 
Big CA) ccccccvescccess 2°50 2°75 3°03 3:28 3:46 3°63 3°75 3:95 408 423 4-41 4°56 
Daa (B) ccccccccccccces 2°48 2°74 3°02 3:27 347 363 3°72 3°95 409 423 4-40 4°57 


The excellent agreement between the two sets of data justifies the belief that some Na,C,H,O, 
is directly involved in causing the basic tartrate to undergo dissolution. 

The accuracy of the last equation is also borne out by the first part of the p, curve, C, in 
Fig. 1, corresponding to the reaction of a solution, containing 1ThCl, + 2Na,C,H,O,, with 
NaOH. This will be seen more clearly from the following pg values, which were obtained at 
18° with the quinhydrone electrode. 

A. Titration of 100 c.c. of 0°01M-ThCl, + 40 c.c. of 0°05M-Na,C,H,O, with 0°1N-NaOH. 


B. Titration of 140 c.c. of a solution containing 4°2 c.c. of O°-IN-HCl, 11-2 c.c. of 0°1M-H,T and 
35°8 c.c. of 0°-1N-NaCl with 0°1N-NaOH. 


NaOH, equiv. .........ssseeeees 0-0 0°4 0°8 1-0 1-2 13 1°4 1°5 
SS ere 2°50 2°78 3°31 3°67 4:10 4°35 4°70 5°38 
Big GERD ecvcccncesceteccvccsscssees 2°48 2°81 3°32 3°68 4°10 4°33 4°65 5°42 


Fig. 1 shows that soon after p, 6 was passed the curves A, B, C, and D underwent inflexion, 
indicating that the added alkali was being used in decomposing the basic tartrate, viz., 
Th(OH),.541T 1.93, existing in the now perfectly clear solutions. It is possible to compute the 
compositions of the soluble basic tartrate from the amounts of NaOH that were added to set 
up any particular py value. Thus in Table II are recorded the calc. values of x in the soluble 


basic complex Th(OH),T,-,-. 





TABLE II. 

Divect titrations with 0-1N-NaOH. Back-titrations with 0-1N-HCIl. 
Na,T * at * at Na,T NaOH, * at x at 
ThCl, pu 7. pu 10°5. Thc, equivs. Pu 7. pu 10°5. 

1°4 2°17 (a) 3°00 (a) 1°4 4: 2°48 (a) 3°23 (a) 

2°0 2°10 (a) 3°05 (a) 1-4 4:0 3°08 (c) 3°63 (c) 

2-0 2°52 (c) 3°48 (c) 2-0 4:0 2°57 (a) 3°47 (a) 

10°0 2°17 (a) 3°14 (a) 2°0 4:0 3°03 (c) 3°70 (c) 

2-0 6°0 2°69 (a) 3°68 (a) 

(a) Immediately after mixing. (b) After boil- 2°0 6°0 3°14 (5) 3°82 (b) 
ing. (c) After standing. 10°0 40 2°43 (a) 3°26 (a) 


The first part of the above table shows that the basic complex underwent partial decomp. 
on addition of alkali, and assumed the approx. composition Th(OH),Ty.; at pq 10-5 in the 
case of immediate titrations. Ageing of the solutions, however, produced much more basic 
complexes, e.g., Th(OH)s3.4gT 9.26. C’ in Fig. 1 was constructed from the py values of solutions 
to which various quantities of NaOH had been added and which were then placed in stoppered 
bottles for several weeks until repeated pg measurements showed that no further decomp. was 
occurring. It also shows the pronounced tendency for the basic complex to become more basic 
on ageing. The effect of adding excesses of alkali, even though small, was to yield still more 
basic complex tartrates, as shown by the values of x corresponding to the HCl back-titrations. 

The formation of the complexes on the progressive addition was also investigated con- 
ductometrically. The curves II and III in Fig. 2 refer respectively to the titrations with 
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0-1N-NaOH of the mixtures: (1) 100 c.c. of 0-01M-ThCl, and 40 c.c. of 0-05M-Na,T; (2) 100 
c.c. of 0-01M-ThCl, and 80 c.c. of 0-05M-Na,T. In both curves the beginning of the passage 
of free NaOH into the solutions is indicated by marked breaks, at X and Y. Just before these 
stages are reached the addition of alkali is seen to cause but a slight increase in conductivity, 
suggesting that the Na,C,H,O, then being formed is passing as such into solution and is there- 
fore probably involved in the complex equilibria with the soluble basic tartrate. The slopes 
of curves II and III are due essentially to free NaOH, for the divergence from the thin upper 
(theoretical) curves is not very great. That some divergence exists indicates that even in alk. 
solutions a slight attack of the basic complex occurred. 

As a rule in conductometric titrations, the slopes due to free NaOH do not appear until the 
solution attains a py value of 10—10-5. The quantities of alkali added in the present titrations 
before these slopes became apparent show that in both titrations the basic tartrate complex 
had acquired the composition given by Th(OH) .39T9.3;. When it is remembered that con- 
siderably longer time is required in carrying out these conductometric titrations in order to 
ensure constancy of temp. than is the case with potentiometric titrations, it will be realised 
that this observation is in satisfactory agreement with those recorded in the previous table. 
Back-conductometric titrations led to similar conclusions to those drawn from the corresponding 
hydrogen-electrode titrations. 


One of the authors (W. E. B.) thanks the Andrew Simons Research Fund Committee of 
this College and the Plymouth Education Authority for grants. 
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4. Electrometric Studies of the Precipitation of Hydroaxides. Part VIII. 
Standardisation of Acid Solutions by Means of Mercuric Oxide. — 


By H. T. S. Britron and BEATRICE M. WILSON. 


ROSENTHALER and ABELMANN (Pharm. J., 1913, 91, 144) and Incze (Z. anal. Chem., 1917, 
56, 177; 1918, 57, 176) have shown that mercuric oxide dissolves in concentrated potassium 
iodide solutions to form an exactly equivalent amount of alkali, which can be titrated by 
acids with methyl-orange, methyl-red, or phenolphthalein. It was shown in Part VII 
(J., 1932, 2553) that alkali had no effect on the HgI,”’ anion, and hence it would appear 
that the method depends upon the reaction HgO + 4KI + H,O —> K,Hgl, + 2KOH. 
Glass-electrode titration curves of such solutions have confirmed this view. We have also 
shown that owing to the formation of the complex anion HgCl,”, the , of alkali pre- 
cipitation from mercuric chloride depends on the amount of alkali chloride in the solution ; 
in fact, if a sufficiently high proportion of alkali chloride is present, the p, becomes very 
high and comparatively little precipitation ensues. 

Mercuric bromide solutions suffer some precipitation with alkali at about p, 10, but, 
by including some potassium bromide in the solution, it is possible entirely to prevent 
precipitation (cf. Bugarszky, Z. physikal. Chem., 1893, 11, 668; 12, 223). It appeared 
probable, therefore, that concentrated solutions of either alkali chlorides or bromides would 
also dissolve mercuric oxide and yield equivalent amounts of alkali, which could be used to 
standardise acid solutions. With chlorides, saturated solutions are necessary, but with 
bromides, concentrations of 1—1-5M suffice. 


A glass-electrode titration with 0-04N-NaOH of 100 c.c. of 0-005M-HgBr, + 0-25M-KBr 
gave no ppt., and the #, values obtained were only slightly below (within 0-5 p, unit) those 
which would have been produced if no alkali had reacted. With still larger proportions of 
KBr, practically no decomp. of the complex anion HgBr,” occurred. 

In order to ascertain the precise nature of the reactions underlying such titrations, a series 
of glass-electrode titrations have been performed. Fig. 1 gives the final portions of three 
titration curves of 100 c.c. of solutions (1) 0-1M-KI + 0-4348 g. of HgO, (2) 1-5M-KBr + 
0-4348 g. of HgO, (3) satd. NaCl + 0-2709 g. of HgO. The HCl solution employed was approx. 
0-1N in each case. The HgO was dissolved by heating. The curves marked KI and KBr are 
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very similar to those of the neutralisation of KOH with HCl, the difference being that the 
curves at the inflexion points are slightly more inclined than in the case of direct alkali—acid 
titration curves. The first section of the NaCl curve reveals that only a small portion of the 
NaOH was liberated in the solution, evidently owing to some alkali having entered into equili- 
brium with the HgCl,” anions, probably thus: 

Fic. 1. 2NaOH + HgCl,” == Hg{[(OH),Cl,]” + 2NaCl. 

On the progressive addition of HCl, the free 
alkali is neutralised and the complex anion, HgCl,”’, 
re-formed, for it happens that the amount of HCl 
required to bring the solution to the change-point of 
methyl-orange was exactly 2 equiv. A _ similar 
explanation would also account for the slopes of KI 
and KBr curves in the vicinity of the end-point. 
In each titration the end-point was correctly indi- 
cated by means of methyl-orange, though, as the 
curves show, phenolphthalein gave titres that were 
too low. 

If KI is used, only a little more than is indicated 
by the equation is necessary. On dissolving 0-4 g. 
of HgO in 10 c.c. of KI solutions, containing amounts 
of KI ranging from 2 to 10 g., it was found on 
titration with 0-1N-HCl that phenolphthalein yielded 
results which were on the average 2°5% too low, 
whereas methyl-orange gave accurate results. 

HgO also dissolves in KCN aq. with quantitative 
liberation of KOH: HgO + 4KCN + H,O —> 
2KOH + K,Hg(CN),. The validity of this reaction 
has been proved by glass-electrode titrations with 
HCl, but, owing to the excess of KCN present, and 
the fact that the replacement reaction of HCN by 

0°1N-HCI, c.c. HCI takes place between py 11-3 and 7-3 (see Britton 

and Robinson, Trans. Faraday Soc., 1932, 28, 531), 

the inflexion produced on the neutralisation of the liberated alkali is not sufficiently well- 
defined to permit of its accurate estimation by glass-electrode titration. 
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5. The Influence of Acid Concentration on the Oxidation—Reduction 
Potential of Mixtures of Ferric and Ferrous Sulphates in Sulphuric 


Acid Solution. 
By Tuomas J. GLOVER. 


It has been shown by Peters (Z. physikal. Chem., 1895, 26, 193) and by Carter and Clews 
(J., 1924, 125, 1880) that the potential of mixtures of ferrous and ferric chloride in hydro- 
chloric acid becomes less positive as the concentration of the acid is increased. The 
present investigation concerns the effect of sulphuric acid concentration upon the 
oxidation-reduction potential of mixtures of ferric and ferrous sulphates. 


EXPERIMENTAL. 


Preparation of Solutions —The FeSO, and Fe,(SO,); solutions were prepared by dis- 
solving the requisite quantities of pure Fe wire and Fe,(SO,), respectively in H,SO, of the 
necessary concn. These solutions were mixed in various proportions, and analysed both 
before and after the potential measurements. The ferric iron was estimated by reduction 
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with TiCl, (KNCS being the indicator), and the ferrous iron was then oxidised with dil. KMnO, 
aq. and the total Fe estimated as before. Total sulphate was estimated as BaSQ,. 

Construction of Cells —The oxidation half-element consisted of a glass vessel containing 
about 100 c.c. of the Fe*—Fe***—-H,SO, solution, over which was enclosed an atmosphere of CO,. 
The vessel was furnished with four recently platinised Pt electrodes, any of which, if it disagreed 
by more than 0-2 mv. from the others, was replaced by a new one. The acid iron solution at 
the oxidation—reduction electrode was connected with a standard electrode by a chain of three 
intermediate vessels, the two adjacent to the oxidation—reduction half-element containing the 
same solution as this half-element, and the other vessel the same solution as the standard 
electrode. The component parts of the cell were connected with syphons to the top of which 
were attached short vertical tubes. The syphons were filled, and any bubbles which collected 
removed, by suction through those tubes, which were then closed with glass plugs. The limbs 
of the syphon connecting the third intermediate vessel with the next were about 5 in. apart 
to allow the two parts of the cell (as required for the measurement of Ey; see below) to be 
placed in two different thermostats. This syphon was fitted with a tap which was open only 
whilst a potential measurement was being taken. 

The N-Hg,SO, electrode was chosen as standard, but as the E.M.F.’s of the oxidation— 
reduction cells were very low when compared with this electrode, and also changed from a 
positive to a negative value as the acid concn. increased, it was decided to take E.M.F. 
observations with the N-Hg,Cl, electrode in addition for comparison. 

Potential Measurements.—The cell was kept for ca. $ hr. in the 20° thermostat, and, by 
means of a Tinsley potentiometer and a galvanometer, its E.M.F. was observed every 2 or 3 
min. until it was const. The cell was then removed to the 60° thermostat and the E.M.F. at 
this temp. measured in the same way. Finally, the standard electrode and adjacent inter- 
mediate vessel were placed in the 20° thermostat, while the oxidation—reduction half-element 
and the other two intermediate vessels remained in the 60° thermostat, and the E.M.F. of the 
cell thus arranged was then measured. The three E.M.F.’s thus obtained are denoted by 
E>, Eq, and Ey, respectively. F 

Concns. throughout are denoted by the use of square brackets. 

Variation of Potential with Variation of (a) the Fe***/Fe** Ratio and (b) H,SO, Concentration.— 
These data are given in Table I. The values of E, (cols. 5 and 6) are calc. from the equation 
E = (RT /nF) log f,[oxidant] /f,[reductant] (where f, and f, are activity factors), by substituting 
for f,[oxidant] and f,[reductant] the concns. of the ferrous and ferric iron respectively. Since 
the ratio f,[oxidant]/f,[reductant} is not equal to the ratio [Fe’’]/[Fe"’], the E, values thus 
obtained have been termed “‘ apparent ”’ (abbreviated to “‘ appt.’’) to distinguish them from 
the true E, values as defined by the thermodynamic logarithmic formula. 

Comparison of Cell E.M.F. Values obtained from Calomel Electrode with those from Mercurous 
Sulphate Electrode.—In order to effect this comparison, the E.M.F.’s (E,, in volts) of the cells 
of the type set out diagrammatically below were measured; they are given in Table II, x 
being the normality of the H,SO,. 


Hg,SO, 
N-H,SO, 


Hg,Cl, 


*N-H,SO, N-KCl 


Hg | Hg 














If these values are subtracted from the mean “ apparent’”’ E, values for the same acid 
concn. and temp. based on the N-calomel electrode (see Table I, cols. 5 and 6), the E, values 
based on the N-Hg,SO, electrode are obtained. The values so derived are in Table III (cols. 
4 and 5); they agree closely with those obtained by direct observation (cols. 6 and 7). The 
latter, being probably the more accurate, have been used in the subsequent calculations. 

Potential of the N-Mercurous Sulphate Electrode.——The following E.M.F. values (E,, in 
volts) were obtained at 20° for three independent cells of the type represented diagrammatically 
below. The arrow indicates the direction of the current inside the cell. The N-Hg,SO, 
electrode potential values are all based on the value 0-560 for the N-Hg,Cl, electrode at 18°. 


Hg | Hg,SO,, N-H,SO, | N-H,SO, | N-KCI | N-KCI, Hg,Cl, | Hg 
< > > 


Em 0-0232 0-560 + 0-00061 (¢ — 18) 
< E, 











E, = 0-3715, 0-3725, 0-3715; mean 0-3718. 
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Fe*** iron, 


0/ 
/O° 


13°86 
26°01 
41-70 
50°00 
51°24 
73°31 
83°90 


56°63 
50°00 
50°00 
75°58 


25°82 
37°00 
50°42 
68°68 
74°48 


26°79 
49°42 
51°34 
73°92 


25°67 
50°00 
51°24 
75°00 
84°16 


TABLE I. 
E.M.F. at E.M.F. at 
20° (£5). 60° (Ea). E;. Ew (appt.). Ea» (appt.). 
[H,SO,] = 0°1N; standard electrode, N-mercurous sulphate. 
0°0106 0°0215 0-0321 0°0385 0:0532 
0°0364 0°0526 0°0633 0°0377 0°0546 
0-0400 0°0545 —- 0-0400 0:0543 
00400 0°0553 0°0653 00400 0°0553 
00170 0-0283 a= 0:0368 0:0508 
0:0707 0°0875 0-0989 00415 00543 
Mean 00391 0°0538 
[H,SO,] = 1N; standard electrode, N-mercurous sulphate. 
—0°0434 —0-°0209 —0-0097 —0-°0001 0:0285 
—0°0257 —0-0001 — —0-0003 0:0297 
—0°0005 0°0284 0-0401 00012 0°0293 
0:0008 0:0291 0-0401 —0-0003 00282 
0:0300 — — 0°0012 0:0300 
0:0280 00615 0°0727 0-0000 00297 
Mean 0°0003 0-0292 
[H,SO,] = 5N; standard electrode, N-mercurous sulphate. 
—0-0687 —0°0448 —0-°0349 —0°0266 00040 
—0°0265 0°0046 — —0°0251 0-0031 
—0°0269 00011 0:0129 — 00269 0-0011 
0°0102 0°0424 = —0°0270 0:0009 
00181 0°0517 = — 00283 —0-0013 
Mean —0°0268 0°0015 
[H,SO,] = 10N; standard electrode, N-mercurous sulphate. 
—0-0822 —0°0604 —0°0492 —0°0361 —0-0080 
—0°0607 —0°0367 —0°0254 —0°0343 —0°0069 
—0°0432 —0°0172 —0-0060 —0-0346 —0-0074 
—0°0337 —0°0064 0-0030 —0°0337 —0°0064 
—0°0332 —0-°0061 — —0°0344 —0-0075 
— 0:0066 0°0226 0°0349 —0-0321 —0-0062 
00092 0°0401 — —0-0319 —0:0071 
Mean —0°0339 —0:0071 
[H,SO,] = 0°1N; standard electrode, N-calomel. 
0°3921 0°4007 -— 0°3854 0°3931 
0°3850 0°3970 -- 0°3850 0°3971 
0°3872 0°3963 — 0°3872 0°3963 
0°4114 0°4300 0°4490 0°3830 0°3989 
Mean 0°3852 0°3964 
[H,SO,] = 1N; standard electrode, N-calomel. 
0°3455 0°3725 0°3843 0°3722 0°4028 
0°3575 0°3825 0°3965 0°3710 0°3978 
0°3737 0°3998 0°4123 0°3734 0°3993 
0°3916 0°4251 0°4403 0°3718 04026 
0°4013 0°4347 0°4440 0°3743 0°4041 
Mean 0°3725 0°4013 
[H,SO,] = 5N; standard electrode, N-calomel. 
0°3240 0°3537 0°3667 0°3504 0°3826 
0°3533 0°3784 0°3949 0°3539 0°3789 
0°3585 0°3872 “= 0°3572 0°3857 
03815 0°4102 0°4242 0°3567 0°3825 
Mean 0°3546 0°3824 
[H,SO,] = 10N; standard electrode, N-calomel. 
0°3312 0°3507 0°3627 0°3580 0°3815 
0°3525 0°3785 0°3917 0°3525 0°3785 
0°3545 0°3822 — 0°3538 0°3808 
0°3815 0°4112 0°4257 0°3538 0°3796 
0°3968 0°4289 0°4437 0°3546 0°3809 
Mean 0°3545 0°3803 


* Uncorrected for contact potential (see p. 13). 


10* x Temp. coeff. 
of N -Hg,SO, 
electrode.* 


2°65 
2°70 
2°50 
2°85 
2°68 
2°80 
2°90 
2°75 
2°80 
2°81 
2°48 
2°95 


| 


flit | 


brid 
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TABLE II. 
ee RO ie BELA 0-1 1:0 50 10-0 
BME TE ii sis tinken tc cscqueesses 0°3461 0°3718 0°3830 0°3900 
TT Sicinckvanmncisanuicnses 0°3415 0°3701 0°3843 0°3901 
TABLE III. 
E, (appt.), from N-Hg,Cl, E, (appt.), from N-Hg,SO, _E, (appt.), from N-Hg,SO, 
electrode (from Table I). electrode (calc. from cols. 2 & 3). (obs.). 
[H,SO,]. Ex. Ea. Ev. Ea. Eng. Ea: 
0:1 0°3852 0°3964 0-0391 0°0549 0:0391 0:0538 
1-0 0°3725 0°4013 0°0007 0°0312 0:0003 0°0292 
5:0 0°3546 0°3824 —0°0284 —0-0017 —0°0268 0:0015 
10°0 0°3545 0°3803 —0°0355 —0°0098 —0°0338 —0°0071 


The potential of the N-Hg,SO, electrode at 20°, represented by E,,, is given by the equation 
Em = E, + 0-0232 + 0-5612, and, by substituting the mean value for E,, viz., 0-3718, in this 
equation E,, is found to be 0-9562 volt. 

The potential of this electrode as obtained by Wilsmore (Z. physikal. Chem., 1900, 35, 291) 
is 0-9566 at 25°; if the temp. coeff. of the N-Hg,SO, electrode is taken as 2-83 x 10 (see 
below), this value becomes 0-9546, and the observed value 0-9556, at 18°. Hence the mean 
value at 18° may be taken as 0-9551 (cf. Makio, Researches Electrotech. Lab. Japan, No. 114, 
1926). 

Temperature Coefficient of the Potential of the N-Mercurous Sulphate Electrode.—A direct 
determination of the temp. coeff. of the N-Hg,SO, electrode was obtained by measuring the 
E.M.F. of the cell Hg]Hg,SO,, N-H,SO,|N-H,SO,, Hg,SO,|Hg, one half being maintained at 
20° and the other at 60°; the E.M.F. was 0-0116 volt, whence temp. coeff.=2-90 x 10-4 volt. 
This, in conjunction with the values obtained in presence of N-H,SO, (Table I, col. 7; these 
require no correction for contact potential, since N-H,SO, is present throughout), gives a 
mean of 2-83 x 10-4 volt (cf. Makio, Joc. cit.). 

Diffusion Potentials in the Oxidation Cells —Using Henderson’s formula (Z. physikal. Chem., 
1907, 59, 118; 1908, 63, 325) and assuming N-H,SO, to be completely dissociated into H* and 
HSO,’ ions (cf. Small, ibid., 1894, 14; Sauer, ibid., 1904, 47, 146; Noyes and Stewart, /. 
Amer. Chem. Soc., 1910, 32, 1133), we calculate a contact potential of 0-0232 volt for the 
N-H,SO,-N-KCI junction, whereas Sauer, by an application of the Planck formula, obtained 
0-026 volt. 

For the junctions N-H,SO,|0-1N-H,SO, and 0-1N-H,SO,|N-KCl, contact potentials of 
0-0074 and 0-0399 volt respectively were calculated by using Henderson’s formula. The 
following values for the concns. (g.-equiv./l.) at 20° of the ions in 0-1N-H,SO, were used in the 
Henderson formula: H* = 0-0638, HSO,’ = 0-0302, SO,” = 0-0336; they were obtained by 
interpolation from the values obtained at 0° and 25° by Noyes and Stewart (loc. cit.). 

The contact potentials thus calculated are confirmed to some extent by the E.M.F. value 
observed for the cell diagrammatically shown below. The arrows indicate the direction of the 
current inside the cell. 


< - > > 
0-955 + 283 x 104(¢— 18) m, 0-560 + 6-1 x 10 (¢ — 18) 


< E, 








The E.M.F. of this cell was 0-3641 (Table II) ; hence x, + =, = 0-0483 volt. The sum of mr, and 
T%, as obtained by Henderson’s formula is 0-0473 volt. 

Temperature Coefficient of the Contact Potentials in the Oxidation—reduction Cells.—In cal- 
culating the temp. coeff. given for the N-Hg,SO, electrode (Table I, col. 7), the variation 
with temp. of the contact potential at the junctions xN-H,SO,|N-H,SO, has been neglected. 
The mean values so obtained, viz., 2-68, 2-81, 2-72, and 2-79 x 10~, nevertheless differ by only 
a negligible amount from the correct value, viz., 2-83 x 10. Hence the variation, if any, 
with temp. of the contact potential at these junctions over the concn. range used in the cells 
is only slight (cf. Prideaux, Trans. Faraday Soc., 1928, 44, 11) and has been neglected in calculating 
the temp. coeff. (Table IV) of the oxidation—reduction electrode. 

Temperature Coefficient of the Oxidation-reduction Electrode.—These values (Table IV) are 
obtained by adding 2-83 x 10, the temp. coeff. of the N-Hg,SO, electrode, to that of the 
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cell. They show that, unlike the temp. coeff. of the FeCl,—FeCl, electrode in HCl, which falls 
progressively as the HCl concn. increases (Carter and Glover, J. Physical Chem., 1932, 36, 


TABLE IV. 
10 x Temp. coeff. 10 x Temp. coeff. of 
[H,SOQ,}. En. Ew. of cell. oxidation-reduction electrode. 


0-1 0°0391 0°0538 3°68 6°51 
1-0 0:0003 0-0292 7°22 10°05 
50 —0°0268 0°0015 7°08 9°91 
10°0 —0°0339 —0°0071 6°70 9°53 


679), the temp. coeff. of the FeSO,—Fe,(SO,), electrode increases as the H,SO, concn. increases 
from 0-1N to LN, and then remains practically const. up to 10N. 

Heat of Reaction, from Potential-Temperature Measurements.—The heat of the reaction 
occurring in the cell has been calc. from the Gibbs—Helmholtz equation U=EnF — TnF . dE/dT, 
the values of E at 20° and 60° being obtained by subtracting (since the contact potential 
acts to increase the E.M.F. of the cells) the appropriate contact potential from E,, and Egy 
respectively. These values of U show that the reaction is endothermic, the heat absorption 
increasing as the acid concn. increases from 0-1N to N. 


{[H,SO,]. Eso: E gq. U, cals. 
0-1 —0°0008 0°0139 — 2503 
1-0 0-0003 0-0292 — 4877 


Substitution of the values for E, at 20° and 60° for the cell in which [H,SO,] = N in the 
equation E, = RT/nF .log K gives log K = 0-0052 at 20° and 0-4420 at 60°. The const. K 
previously inadvertently taken to be the equil. const. of the cell reaction (J. Physical Chem., 
1932, 36, 685) is really only of empirical significance. 

Variation of Oxidation Potential of the Ferrous—Ferric Sulphate Electrode with Concentration 
of Sulphuric Acid,—The following oxidation-reduction electrode potentials have been calc. 
from the E.M.F.’s (Ep, and Eg, Table III, cols. 6 and 7) of the corresponding oxidation cells 
with N-Hg,SO, electrode, by correcting, if necessary, for the contact potential operating in 
the cells and adding the potential, 0-955 + 2-83 x 10-4 (¢ — 18), of the N-Hg,SO, electrode : 


Oxidation-reduction electrode potential, volts. 
[H,SO,]. 20°. 60°. 
0-1 0°9548 0°9798 
10 0°9559 0°9961 


They increase very slightly at 20°, and more markedly at 60°, as the concn. of H,SO, 
changes from 0-1N to 1N; they thus change in the opposite sense to those of the FeCl,—FeCl, 
electrode (Carter and Glover, Joc. cit.). The potentials of the FeSO,—Fe,(SO,), electrode for 
higher concns. of H,SO, cannot be calc. from the cell potential, since the values of the contact 
potentials operating in the cells are unknown; but as their temp. coeff. is const. over the 
range 1—10N (Table IV), it is probable that the electrode oxidation-reduction potential 
remains fairly const. over this range. 


DISCUSSION. 


It has been suggested (Carter and Clews, Joc. cit.) that the fall in potential of mixtures 
of ferric and ferrous chlorides in hydrochloric acid with increasing acid concentration 
takes place in consequence of a change in the ratio [Fe’™]/[Fe’’], which, it was suggested, 
is due to the disappearance of ferric ions owing to the formation of a complex between 
the ferric chloride and hydrogen chloride. If this explanation is applied to the mixtures 
of ferric and ferrous sulphates in sulphuric acid, it indicates that as the acid concentration 
is increased from 0-1N to LN at 20°, if there is complex formation it is such that there is 
no appreciable change in the [Fe™*]/[Fe™] ratio. At 60°, however, complex formation 
may take place, the removal of ions being such that the [Fe**’]/[Fe’’] ratio increases with 
acid concentration over this range. 

As an alternative explanation, the hypothesis (which in some respects may be regarded 
as a development of the foregoing) is now advanced that in mixtures of ferric and ferrous 
chlorides in hydrochloric acid and also, when temperature and acid concentration con- 





Dann, Davies, Hambly, Paul, and Semmens: Phthalyl Fluoride. 15 


ditions are suitable, in mixtures of the sulphates in sulphuric acid, the ferric and ferrous 
ions combine with other ions or undissociated substances to form complex ferric and 
ferrous ions, thus forming a new oxidation-reduction system in which the complex ferric 
ion and the complex ferrous ion form the oxidant and reductant respectively. This 
system may displace the original ferric-ferrous ion system either partially or (if the com- 
plexes formed dissociate to such a slight extent that only a relatively small proportion of 
simple ferrous or ferric ions is present) wholly. The amount or composition of these 
complex ions may vary with acid concentration, and so the oxidation-reduction potential 
of the ferrous-ferric mixture will vary accordingly. Variations of this kind in the com- 
position of the mixture at the oxidation-reduction electrode would also be associated 
with variation in the heats of reaction taking place in the corresponding oxidation-— 
reduction cells. 

The influence of acid concentration (if acids of equal molar concentration be regarded 
as comparable) on the oxidation-reduction potential of mixtures of ferrous and ferric 
chlorides in hydrochloric acid (Carter and Glover, Joc. cit.) is greater than on that of 
mixtures of the sulphates in sulphuric acid. The fact that potential measurements 
indicate that at 20° on increasing the acid concentration from 0-1N to 1-0N there is no 
appreciable change in [Fe*™*]/[Fe’’] ratio would suggest that at this temperature, as a result 
of this change in acid concentration, no further complex formation takes place. In this 
regard, it is significant that the marked colour changes with increase of acid concen- 
tration which occur in the case of ferrous or ferric chloride in hydrochloric acid do not 
take place with the corresponding sulphates in sulphuric acid. 


SUMMARY. 


(1) The E.M.F.’s of cells in which the oxidation-reduction half-element consists of* 
mixtures of ferric and ferrous sulphates in sulphuric acid varying in concentration from 
0-1N to 10N have been measured at 20° and 60°. 

(2) A logarithmic relation between the E.M.F. of the cell and the ratio of ferric to 
ferrous iron has been shown to hold at both temperatures. 

(3) From experimentally determined and collected data, mean values have been 
found for the potential at 18° and for the temperature coefficient of the N-mercurous 
sulphate electrode. 

(4) The heat of the reaction for the ferric-ferrous sulphate oxidation cells in 0-1N- 
and N-sulphuric acid has been calculated. 

(5) Values have been found for the oxidation-reduction potential of mixtures of 
ferrous and ferric sulphates in 0-1N- and 1-0N-sulphuric acid at 20° and 60°. 

(6) An hypothesis has been put forward to account for the variation with acid con- 
centration of the oxidation—reduction potential of mixtures of ferric and ferrous chloride 
in hydrochloric acid and of mixtures of the sulphates in sulphuric acid, and also for the 
variation with acid concentration of the heats of reaction taking place in the oxidation- 
reduction cells corresponding with these mixtures. 


THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, November 17th, 1932.} 





6. Phihalyl Fluoride. 


By ARTHUR T. DANN, WILLIAM Davies, ARTHUR N. HAMBLY, RICHARD E. PAUvL, and 
GEORGE S. C. SEMMENS. 


Ott (Ber., 1922, 55, 2115) has shown that the two “ tetrachlorides ” of phthalic acid are 
tautomerides, although the interconversion is very slow. He had previously established 
(Annalen, 1912, 392, 274) the conditions necessary for the interconversion of cyclic and 
acyclic phthalyl chloride (I and II, respectively), but did not prove that these substances 
are tautomeric forms. Since it is possible that the fluorine atom, being lighter and smaller 
than the chlorine atom, might favour tautomeric change, phthalyl fluoride has been pre- 
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pared, most readily by heating acyclic phthalyl chloride (II) with sodium fluoride. Phthalyl 
fluoride appears to be obtainable only in one form, this having the acyclic structure (as IT). 
It is unaffected by the prolonged action of heat, with or without aluminium fluoride or 
antimony fluoride, but is converted by aluminium chloride into cyclic phthalyl chloride, 
so that, if benzene also is present, diphenylphthalide is formed. 

Evidence for the constitution of phthalyl fluoride has been obtained in three ways. 
(1) By parachor determinations. Hitherto the parachor of an acyl fluoride has not been 
ascertained, but the difficulty expected owing to the action of the fluoride on glass has been 
easily surmounted. The values obtained by using Sugden’s constants (“‘ The Parachor and 
Valency,”’ 1930; J., 1932, 760) are 318-9 and 304-2 for acyclic phthalyl fluoride (as II) and 
cyclic phthalyl fluoride (as I) respectively, whereas the experimental values are 315-6 and 


Cl Coc! CIC-CCl, ClOC-CCI 
@:— @::: HC-co>? HC-COCI 
(I.) (II.) (III.) (IV.) 


315-4. The discrepancy (3-4) between the theoretical value (318-9) and the observed values 
may be due to a strain effect on the ortho-position of the type suggested by Mumford and 
Phillips (J., 1929, 2112). This possibility is supported by the fact that p-toluenesulphonyl 
fluoride gives a practically theoretical parachor (338-5), whereas the o-isomeride gives 333-4 
and 333-6 instead of the theoretical parachor of 339-0. It is also conceivable that a co- 
ordination ring compound may be produced in certain o-fluoro-derivatives. 

(2) By a study of the rate of the “ unimolecular” reaction of excess of methyl or 
isopropyl alcohol with phthalyl fluoride, the two phthalyl chlorides, benzoyl] fluoride and 
chloride, and chloromaley] and chlorofumary] chlorides (III and IV, respectively). Phthalyl 
fluoride is initially more reactive towards methyl alcohol than the two cyclic chlorides or 
than benzoyl fluoride, but the rates can be considered to be approximately equal. On the 
other hand, acyclic phthalyl chloride (II) reacts about 200 times as rapidly as phthalyl 
fluoride with isopropyl] alcohol, and, when this alcohol is used, benzoyl chloride is 500 times 
as reactive as benzoyl fluoride. These measurements agree in showing that in all 
probability phthalyl fluoride has the acyclic structure (as II). 

(3) By comparing the reaction of phthalyl fluoride and the two phthaly]l chlorides with 
aniline, and by means of other reactions. Although the chemical evidence is not so decisive 
as that obtained from the parachor and the rate of reaction determinations, it also indicates 
that phthalyl fluoride is as (II). 

Colour reactions have been advocated for the differentiation of isomeric acyl dichlorides 
such as (I) and (II), but the experiments carried out in connexion with phthalyl fluoride 
indicate that such reactions must be used and interpreted with caution. Pfeiffer (Ber., 
1922, 55, 415) detects the presence of a compound containing the group O:C-C:C-C:0 by its 
conversion into coloured quinhydrone-like compounds in the presence of guaiacol, etc. He 
thus successfully differentiates cyclic (I) from acyclic (II) phthalyl chloride; and it is now 
found that chlorofumaryl chloride (IV) under the same conditions instantly gives a deep 
yellow colour, whereas chloromaleyl chloride (III), as his theory demands, produces no 
colour. On the other hand, only a very faint yellow colour is obtained from phthalyl 
fluoride ,which contains the above reactive group, whereas succinyl chloride (neither possible 
form of which can have the above colour-producing group) instantly gives a bright yellow. 
The colour reaction of von Braun (Ber., 1922, 55, 1308) is scarcely more decisive. When 
the condensation of phthalyl fluoride with the piperidine salt of piperidyldithiocarbamic 
acid is carried out in a cold ethereal suspension, the liquid has only a very faint yellow 
colour and the precipitate is practically colourless, whereas with (II) both precipitate and 
solution are bright yellow. After standing over-night, the product from phthalyl fluoride 
is essentially phthalyl-NN’-dipiperidide (m. p. 56—66° instead of 52—54°), although it does 
contain a small quantity of a sulphur compound. It is evident that for the determination 
of constitution by the above colour reactions it is necessary that both forms of the acyl 
halides should be isolated, and strictly comparative tests carried out. 

This investigation has incidentally shown that lack of activity of acyl halides, as far as 
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alcohols, and presumably water, are concerned, is accompanied by enhanced lachrymatory 
power : the two cyclic chlorides (I) and (III) are far more lachrymatory than their acyclic 
isomerides (II and IV), and benzoyl fluoride is more lachrymatory than benzoyl chloride. 

The formula (III) given to chloromaleyl chloride is that accepted by Ott (Annalen, 
loc. cit., p. 253), although it is possible that the compound has the structurally isomeric 
formula with the single chlorine atom attached to the «-carbon atom of the double bond. 
Such a structure, however, would probably not seriously invalidate the comparisons based 
on the lactonic structure of the compound. 


EXPERIMENTAL. 


Preparation of Phthalyl Fluoride.—(1) Acyclic phthalyl chloride (50 c.c.) and ZnF, (35 g.) 
are shaken in a glass flask at 60° for 20 min.; the phthalyl fluoride (5 g.) is extracted in light 
petroleum (b. p. 40—60°). Cyclic phthalyl chloride (m. p. 85—88°) can be used at a high 
temperature, but the yield is very poor. 

(2) In an inclined Pt distilling flask to which is attached, by means of a rubber stopper, a 
Cu air-condenser provided with a CaCl, drying-tube, ordinary phthalyl chloride (55 g.) and NaF 
(30 g.) are heated (oil-bath) to 250°, and then gradually, with occasional shaking, to 300° during 
48 hr. It is difficult to prevent the rubber stopper from becoming damaged, with consequent 
formation of some phthalic anhydride. The cooled product is extracted in C,H,, recovered 
(free from chlorine compounds), and distilled from a glass flask under reduced press. The phthalyl 
fluoride, thus largely purified from the higher-boiling phthalic anhydride, separates from light 
petroleum (b. p. 40—60°) in small colourless prisms or massive crystals, m. p. 42—43°. Yield, 
24-5 g.; 53% of the theoretical. Its approx. b. p.’s are 135°/54 mm., 142°/65 mm., 224—236°/ 
760 mm., all taken in glass, the distillation at ordinary press. being accompanied by considerable 
reaction between the fluoride and the glass. 

Analysis. Schiemann and Pillarsky’s method (Ber., 1929, 62, 3043) gives low and very vari- 
able results for carbon. An alc. solution of the fluoride is boiled in a Pt flask for 24 hr. with 
excess of NaOH, and the unused alkali titrated with HClaq. The neutralised solution is made 
faintly alkaline with Na,CO,, and CaF, pptd. by excess of CaCl, aq., heated to decompose the 
calcium phthalate, washed with warm dil. AcOH, gently ignited, and weighed (Found: 4 mols. 
NaOH hydrolysed 169-1 g. of fluoride; F, 22-5, 21-8. C,H,O,F, requires M, 170; F, 22-35%). 

Phthalyl fluoride is lachrymatory, especially when hot. It is much more slowly converted 
into phthalic anhydride by atmospheric moisture than is either form of phthalyl chloride; it 
can even, in small quantities, be distilled in steam, but the hydrolysis is extensive. The pure 
fluoride in the solid state has little action on glass at the ordinary temp., and even when molten 
the reaction is slow. 

Reactions. When phthalyl fluoride (1 part) is heated with AICI, (1 part) in C,H, (40 parts) 
for 3 hr. on the water-bath, a 60% yield of diphenylphthalide, m. p. 117°, is obtained. Both 
phthalyl chlorides react in this way (Copisarow, J., 1917, 111, 10). Phthalyl and benzoyl 
fluoride both react very slowly with boiling anhyd. formic acid, whereas acyclic phthalyl 
chloride reacts below 25°, and cyclic phthalyl chloride below 40°, to produce CO and HCl. The 
action of phthaly] fluoride in C,H, towards NH, aq. at the ordinary temp. closely resembles that 
of both the phthalyl chlorides, o-cyanobenzoic acid, m. p. 184°, being formed, and this is con- 
verted into phthalimide on heating. When phthalyl fluoride (1-7 g.) in CgH, (80 c.c.) is poured 
into aniline (4-65 g.; 25% excess) in CgH, (80 c.c.), a copious ppt. is produced in several sec. ; 
this, after being washed with C,H,, EtOH, and cold H,O and dried in vac. over P,O,, has m. p. 
253—-255° and is pure phthalyldianilide * in more than 90% yield. Phthalyldianilide is, under 

* Ott (Annalen, loc. cit., p. 285) gives m. p. 230—231°, and it is true that when either phthalyl 
chloride is mixed with aniline in C,H, or Et,O and the product kept for some time, the anilide, purified 
as above, does melt at about 231°. But when cryst. from EtOH, the dianilide melts at 253—255°. 
The discrepancy is due to the fact that phthalyl chloride contains some phthalic anhydride (cf. Pfeiffer, 
loc. cit., p. 429), and the condensation product of aniline with phthalic anhydride contaminates the 
product. This is proved by taking ordinary liquid phthalyl chloride (which gives the anilide, m. p. 
231°, as above described) and filtering off the reaction product with aniline instantly, before the 
anhydride has reacted. The ppt. is washed as described for the fluoride, and the m. p. is also the same 
(253—255°), without any recrystn. having taken place. The m. p. varies several degrees according 
to the rate of heating. Hoogenwerff and van Dorp (Rec. trav. chim., 1902, 31, 344) have described the 
other source of error in the literature, namely, the conversion of phthalyldianilide (m. p. 251°) into 
phthalanil (m. p. 205°) by crystn. from an acid medium. 

Cc 
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the above conditions, instantly produced from acyclic phthalyl chloride, whereas many min. 
elapse before appreciable pptn. occurs from cyclic phthalyl chloride. As benzoyl] fluoride under 
the above conditions reacts instantly and almost completely to form benzanilide, it follows that 
phthaly] fluoride has the same type of constitution and is as (II). 

Preparation and Purification of Reagents for Rate of Reaction Measurements and Parachor 
Determinations—The two phthalyl chlorides are prepared after Ott’s method (‘‘ Organic Syn- 
theses,’’ XI, p. 88) and have the properties therein described. The small quantity of phthalic 
anhydride present is estimated by determining the Cl content and also the alkali required for 
complete hydrolysis, and allowance is made for the phthalic anhydride impurity in weighing the 
chlorides for the velocity of reaction measurements. Benzoyl fluoride is made by adding benzoyl 
chloride (50 g.) to ZnF, (30 g., dried at 180°) in a Cu distilling flask, heating the mixture for 4 
hr. at 150°, and distilling the fluoride from an oil-bath at 195°, 30-5 g., b. p. 155—156°, being 
obtained (yield, 69%). NaF requires much longer heating, but gives a better yield. Benzoyl 
fluoride boils at 155—156°/760 mm. (Found on complete hydrolysis : 0-6970 g. required 30-46 c.c. 
of 0-3688N-NaOH. Calc., 30-47 c.c.). Benzoyl chloride (corr. b. p. 196-2—196-5°/761-3 mm.) 
is obtained analytically pure by fractionation of Kahlbaum’s reagent. Pure succinyl chloride 
boils at 114—116°/55 mm., and pure chlorofumaryl chloride (made after Perkin, J., 1888, 53, 
695) has b. p. 96—96-5°/40 mm. The latter (36 g.) is converted after Ott (Anmnalen, loc. cit., 
p. 256) into chloromaleyl chloride (23 g.; b. p. 104—104-5°/50 mm., and m. p. 11—12° after 
several crystns.). The middle fractions of thoroughly purified and dried methyl and isopropyl 
alcohols, boiling within 0-2°, have been used throughout. o- and p-Toluenesulphonyl] fluorides 
are prepared after Davies and Dick (J., 1931, 2106) and the o- is completely freed from the 
p-isomeride by preferential oxidation with CrO, in AcOH. 

Rates of Reaction of Alcohols with Phthalyl Fluoride and Related Compounds.—The rate of the 
reaction R-COX + R,-OH = R-CO-OR, + HX at a definite temp. is ascertained by measure- 
ment of the hydrogen halide produced. After a definite interval of time 10 c.c. of the reaction 
mixture are run into 25 c.c. of H,O and 25 c.c. of CgH, so that the alc. solution first enters the 
C,H, and passes through this to the aq. layer below. The flask is then stoppered and well shaken, 
the two layers are allowed to separate, and 20 c.c. are pipetted from the aq. layer and titrated 
with N/50-NaOH and phenolphthalein. The alkali titre is proportional to the hydrogen halide 
produced. This method is a great improvement on that used by Ott (Annalen, loc. cit., p. 280), 
who adds his alc. solution first to H,O and then extracts the mixture several times with his 
org. solvent. 

With acyl fluorides the reaction is carried out in a Ag bottle and the portion withdrawn is 
shaken with H,O and C,H, in a bakelite bottle.* A glass pipette is used, as the action of the 
weak alc. HF on the pipette during the short time of transference is negligible. The fluoride, 
when solid is weighed in Ag foil, and when liquid in a stoppered Ag tube. 

Comparative Reactivity of Methyl Alcohol with Phthalyl Fluoride, Cyclic Phthalyl Chloride, and 
Chloromaleyl Chloride at 30°.—The acid halide (approx. that required for 100 g. of MeOH) is 
weighed in a stoppered bottle or metallic container and kept in a desiccator while the amount 
of MeOH required to make the solution (1/12-5 g.-atom halogen per 1000 g. of MeOH) is heated 
in the thermostat to the required temp. The acyl halide and its container are then put in the 
alcohol, which is well shaken, and the results are timed from this point as zero. The cooling 
effect of the halide and container is negligible. ‘1he expt. has been repeated in each case. 





Discussion of Results—The results are summarised in the figure. Phthalyl fluoride 
(4) is at first more reactive towards methyl alcohol thaneither of thecyclic chlorides (2 and 3), 
and even towards the end of the reaction the rate is not much less than that for cyclic 
phthalyl chloride. Moreover, although not shown in the figure, a comparison of the rates 
of reaction of methyl alcohol at 20° with phthalyl fluoride, cyclic phthalyl chloride, and 
benzoyl fluoride has also been made, and the curves are very similar to the ones shown in 
the figure for 30°, the curve for benzoyl fluoride approximately replacing that for chloro- 
maleyl chloride (2). The phthalyl fluoride curve (4) is the only one with a definite break, 
which occurs immediately after 50% of the fluoride has been used. This break is still more 
clearly indicated by plotting the logarithm of the concentration of the remaining fluoride 
against the time (curve inset). The ratio of the gradient of the first part to that of the 





* Transparent bakelite apparatus for work with HF is obtainable from The Fisher Scientific Co., 
709-717 Forbes St., Pittsburg, U.S.A. 
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second part of this log. curve is approximately 10 to 1. The possibility that this break is 
due to the formation of o-carbomethoxybenzoy] fluoride is being examined. 

The curve for the reaction between an acyclic dicarboxyl halide and an alcohol appears 
not to have previously been obtained; a comparison in this respect between phthalyl 
fluoride and other acyclic dicarboxyl halides has therefore been attempted. As both 
succinyl and chlorofumaryl chloride are far too reactive, even towards isopropyl alcohol, 
for their reaction curves to be obtained, acyclic phthalyl chloride has been chosen. 

Comparative Reactivity of Phthalyl Fluoride and Acyclic Phthalyl Chloride towards 
Alcohols.—The rate of reaction of acyclic phthalyl chloride with methyl alcohol is too 
great for even approx. estimation (cf. Ott, Annalen, loc. cit., p. 280). On the other hand, 
isopropyl alcohol, which is ideal for the phthalyl chloride measurements, reacts too slowly 
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with phthalyl fluoride for accurate results to be obtained. isoPropyl alcohol nevertheless 
seems the most suitable alcohol available, and the reaction curves at 30° are given in the 
figure. In calculating the reaction velocities the zero of time is taken from a titre immedi- 
ately after the reaction has begun. 

For phthalyl fluoride k= [1/¢ . logy) a/(a — x)] is about 5-2 x 10°, and for the acyclic 
chloride it is about 9-93 x 10%. The rate of reaction of isopropyl alcohol with acyclic 
phthalyl chloride is thus about 200 times greater than with phthalyl fluoride (see figure, 
curves 5 and I, respectively). The curve for acyclic phthalyl chloride and isopropyl alcohol 
(5) is smooth and continuous, in contrast to that for phthaly] fluoride and methy] alcohol (4). 
The action of phthaly] fluoride on isopropyl alcohol is so slow that the resulting type of curve 
is not experimentally realisable, the initial portion of the curve (1) only being obtained. 

The curve (5) for acyclic phthalyl chloride and isopropyl alcohol approaches an asymptote 
when less than 85% of the theoretical amount of hydrogen chloride has been formed. From 
180 to 1301 minutes the increase in titre is from 16-44 c.c. (80°7%) to 16-84 c.c. (82-7%), 
whereas complete reaction demands 20-4 c.c. A similar phenomenon is noticeable with 
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phthalyl bromide and isopropyl] alcohol, and will be discussed in a subsequent communic- 
ation. The presence of phthalic anhydride in the phthalyl chloride does not explain the 
anomaly, because this is very small in amount, and because the 100% figure for the hydro- 
gen chloride production is the amount actually obtainable by hydrolysis of the phthalyl 
chloride with excess of alcoholic alkali. 

The Rate of Reaction of Benzoyl Chloride and Fluoride with isoPropyl Alcohol.—Staudinger 
and Anthes (Ber., 1913, 46, 1417) have shown that towards water in moist ether the order 
of increasing activity of benzoyl halides is chloride, bromide, and iodide. For the purposes 
of this investigation the rates of reaction of benzoyl chloride and fluoride with zsopropyl 
alcohol have been measured at 30-0°, and & for benzoy] fluoride is 5-1 x 10-6, and for benzoyl 
chloride is 2-64 x 10°°. The curves are smooth and regular, and from the above figures it 
follows that the chloride reacts about 500 times faster than the fluoride. Now it has been 
found that benzoyl fluoride is only somewhat less reactive (particularly during the middle 
and the latter part of the reaction) than is phthalyl fluoride towards methyl alcohol. Con- 
sequently it is to be expected that phthalyl fluoride, if acyclic, would be very much less 
reactive than the acyclic phthalyl chloride. On the other hand, if phthaly] fluoride has the 
cyclic form, it might be expected to be much less reactive than the corresponding chloride. 
Hence the series of reactions indicated in the figure, and the comparison of the rates of 
reaction of benzoyl fluoride and chloride, both indicate the acyclic nature of phthalyl 


fluoride. 


Determination of the Parachor of Phthalyl Fluoride and Other Fluorides.—The surface tension 
measurements of phthalyl fluoride are made at 50° in the maximum bubble pressure cell of 
Sugden (J., 1924, 125, 27) in a bath of benzyl benzoate the temp. of which is electrically controlled 
to 0-1°. The manometer containing pure m-xylene is in a separate thermostat at 30-0° (Sidgwick 
and Barkworth, J., 1931, 808), so the gauge factor remains constant throughout. The mano- 
metric heights are obtained with a cathetometer reading to0-01 mm. Before each determination 
the cell is calibrated with pure C,Hg. 

The density determinations are carried out by means of a small pipette drawn out to a fine 
tip and provided at the other end with a small well-ground glass tap (see Sidgwick and Bayliss, 
J., 1930, 2027). With a pipette of about 3 c.c. capacity, density values are obtained easily 
reproducible to 0:1%. The action of pure phthalyl fluoride on the glass of the pipette is 
negligible under the above conditions. 

It was anticipated that difficulties in determining the surface tension of acyl fluorides would 
arise, because a trace of SiF, formed from the glass would prevent true contact between the 
liquid and the glass surface. Moreover, any etching would alter the size and constants of the 
jets, and it has been found that when slight etching does occur the surface tension values diminish. 
The difficulty has been overcome by using slightly impure phthalyl fluoride during a preliminary 
determination; the surface tension values then fall off by about 15% during the expt., and the 
cell constant on recalibration is found to have changed accordingly. Then, when a pure speci- 
men of phthalyl fluoride is used with these etched jets, the manometric head remains constant 
(within the usual experimental error) for more than 1 hr., and moreover the cell constant, 





Cell [P}. 
const. Y> ee ~ 
Temp. H, cm. x 10°. dynes/cm. D. Found. Calc. 
Phthalyl fluoride ...... 50° 1327-782 B4GS 130653156 (308-9, 
: ba So Etiiee 50 5096 = 7790-3445 18067154 {305 Ge 
o Toluenesulphony] 339-0 
GETEE  ccccesccecccees 30°5 5°308 7811 35°91 1:278 333°4 339-7 
is - + 30°5 5-329 7-811 36-05 1-278 333-6 = 339-7 
p-Toluenesulphonyl 339-0 
FOUND ccdnsenanvencs 60 5023 7417 33°04 1-233 338°5 339-7 
* Acyclic formula (as II). ¢ Cyclic formula (as I). 


redetermined after the fluoride has been removed, is not appreciably altered (see table). Subse- 
quent determinations give values in good agreement with the first. The gauge factor is 838-8. 
The lower value for each calc. parachor has been obtained from the constants in Sugden’s 
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‘‘ Parachor and Valency.”’ The upper value has been obtained by using the most recent value 
for the parachor of fluorine, 25-0, obtained by Allen and Sugden (J., 1932, 761). 
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7. Applications of Thallium Compounds in Organic Chemistry. Part 
IX. Changes observed on replacing Dialkylthallium by Trimethyl- 
platinum in Chelate Rings. 

By R. C. MEnziEs and E. R. WILTSHIRE. 


In Parts VII and VIII (J., 1932, 2604, 2734) the properties of chelate compounds of £-di- 
ketones and @-ketonic esters with dialkylthallium have been discussed. The changes 


CH CH 
JN SN 
RC CR, RC CR, 
a) 0 O 0 0. (lL) 
V/A NA 
TIMe, PtMe, 


observed on replacing dimethylthallium (I) by trimethylplatinum (II) in chelate rings are 
now described. : 

The chelate derivatives of trimethylplatinum with acetylacetone, dipropionylmethane, 
and ethyl acetoacetate are white crystalline substances soluble in organic solvents. They 
resemble the corresponding dialkylthallium compounds in being volatile, but differ from 
the lower members in being insoluble in water. 

The acetylacetone derivative and that of dipropionylmethane decompose without 
melting at 200° and 190° respectively, the benzoylacetone compound at 187°, and ethyl 
(trimethylplatini)acetoacetate melts with blackening and evolution of gas when placed 
suddenly, in a tube sealed at both ends, into a bath at 200°. The corresponding dimethy]l- 
thallium compounds melt at 214°, 121°, 128°, and 128° respectively. With these may be 
compared the low melting point, 9—10°, of diethylgold acetylacetone (Gibson and Simonsen, 
J., 1930, 2535). 

In the table the molecular associations of the trimethylplatinum derivatives of dipro- 
pionylmethane and of ethyl acetoacetate in freezing benzene are compared with those of 
their dimethylthallium derivatives (loc. cit., p. 2739). 


Trimethylplatinum. Dimethylthaliium. 
Mol. conc. Mol. wt. Association. Mol. conc. Mol. wt. Association. 

Dipropionylmethane 0°00171 703°3 1-914 0°00165 374 1-03 
0°00434 740°6 2-016 0°00418 407 1°13 

0°00685 734°5 1-999 0°00728 421 1-16 

0°00975 756°0 2-057 0-0111 434 1-20 

Ethyl acetoacetate 0:00162 848 2-30 0:00150 595 1°64 
0°00316 805 2-18 0°00324 634 1°74 

0:00622 634 1-74 

0°00932 658 1°81 


It is evident that the forces holding the molecules together are much greater in the 
platinum compounds than in the thallium compounds. The unimolecular formule for 
the trimethylplatinum compounds in question indicate for the metal an effective atomic 
number of 84, or 2 less than that of the next inert gas (cf. Sidgwick, J., 1923, 128, 725), 
and also a covalency of 5. The stable double molecular weights just described may be 
explained as due to co-ordination between the platinum of one molecule and an oxygen 
in its neighbour (cf. Sidgwick and Sutton, J., 1930, 1472), increasing the effective atomic 
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number to 86 and the co-ordination number of the metal to 6. They thus afford yet 
another example of the familiar stability of 6-covalent compounds of quadrivalent platinum, 
but also serve to throw into better relief the variable covalency of thallium discussed in 


Part VIII. 
EXPERIMENTAL. 


The method used to prepare the trimethylplatinum derivatives of dipropionylmethane, of 
ethyl acetoacetate, and of benzoylacetone was similar to that described by Menzies (J., 1928, 
565) for the prep. of trimethylplatinum acetylacetone. The thallous salts were not isolated, 
but the PtMe,I was added to a solution of TIOEt and the diketone. 

The reaction goes quite readily with dipropionylmethane and with ethyl acetoacetate, but 
more slowly with benzoylacetone. It is never, however, so rapid nor so complete as with the 
Tl compounds. PtMe,I in slight excess, TIOEt, and the diketone or ketonic ester are best 
heated under reflux with boiling C,H,, the mixtures evaporated to dryness, and the residue 
extracted with ligroin or hexane, from which the trimethylplatinum derivative readily separates 
on cooling. 

The separation of TII from a solution of PtMe,I and TIOEt in C,H, also takes place very 
slowly; indeed, the reaction does not appear to go to completion. Undue heating of the 
solution causes darkening and thus it is unprofitable to attempt to isolate a solution of 
PtMe,(OEt) as is done in the prep. of dialkylthallium derivatives. 

The trimethylplatinum compounds described are all chelate compounds (being sol. in org. 
solvents), and when carefully heated in a tube they sublime, giving a Pt mirror in the same 
way as the acetylacetone compound. 

Ethyl (trimethylplatini)acetoacetate, hexagonal plates from Et,O (Found: C, 29-4, 29-7; 
H, 4-9, 5-1; Pt, 52-45. C,H,,0,Pt requires C, 29-2; H, 4-9; Pt, 52-8%). 

Trimethylplatinum dipropionylmethane, thick needles from hexane (Found: C, 32-9, 32-7; 
H, 5°55, 5-3; Pt, 51-5, 52-8. C,,H,,O,Pt requires C, 32-7; H, 5-5; Pt, 53-1%). 

Trimethylplatinum benzoylacetone was obtained neither in purity nor in amount sufficient 
for molecular-weight determinations. The analytical figures indicate, however, that a crude 
sample was obtained. It is described as giving additional evidence that chelate derivatives of 
trimethylplatinum remain solid at temp. above the m. p.’s of the corresponding dimethyl- 
thallium derivatives. It is sol. in C,H,, from which it separates in irregular cryst. lumps, 
very sparingly sol. in ligroin, and readily sol. in MeOH, from which it crystallises in long prisms, 
often radiating from a centre (Found: C, 39-5, 39-1; H, 4-6, 4:6; Pt, 46-6. C,,H,,0O,Pt 
requires C, 38-9; H, 4-5; Pt, 48-6%). 

The combustions were carried out by Dr. Ing. A. Schoeller, the Pt estimations by covering 
the substance with I in a crucible, adding a little CHCl,, and carefully heating the mixture 
finally to redness as described by Pope and Peachey (J., 1909, 95, 572). 


We thank the Colston Research Society for a grant. 
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8. A New Synthesis of Cadalene. 
By E. DE BARRY BARNETT and J. W. Cook. 


THE constitution assigned to cadalene (1 : 6-dimethyl-4-isopropylnaphthalene) is based 
chiefly on its synthesis from carvone by Ruzicka and Seidel (Helv. Chim. Acta, 1922, 5, 369). 
An element of uncertainty is introduced by the use of aluminium chloride to effect ring- 
closure, for migrations of alkyl groups are frequently encountered under the influence of 
this reagent. The importance of cadalene as a product of dehydrogenation of a large 
group of sesquiterpenes led us to seek confirmation of its structure by a simpler synthesis 
from 1 : 6-dimethylnaphthalene. This is a constituent of coal tar which is now available 
in quantity, and its constitution is beyond dispute. 

Weissgerber and Kruber (Ber., 1919, 52, 348) showed that sulphonation of 1 : 6-di- 
methylnaphthalene occurs in position 4, and one of us (Cook, J., 1931, 489) has found that 
acid chlorides also condense in this position. It was therefore reasonably certain that 
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bromination in the dark, in a solvent, would lead to 4-bromo-1 : 6-dimethylnaphthalene (1). 
This bromo-compound was converted through the medium of its magnesium derivative into 
1 : 6-dimethyl-4-naphthoic acid; the dimethylcarbinol arising from the interaction of the 
ethyl ester of this acid and methylmagnesium iodide was dehydrated by picric acid in 
alcoholic solution, and gave the picrate of 1 : 6-dimethyl-4-isopropenylnaphthalene (II) : 


Me Me Me 


! — —> | 
(I, wK X) "00m nL X) (IIL, 


Br t< Pre 
(CO,H) qu) “CH, 
(CMe,-OH) 


Reduction of the ethylenic hydrocarbon was best effected by sodium and alcohol ; this also 
resulted in partial hydrogenation of the naphthalene ring; the product was therefore 
finally dehydrogenated with selenium, and the dimethyl¢sopropylnaphthalene thus formed 
was identical with cadalene. 

An attempt to simplify this procedure by direct reduction of the carbinol (I) with 
hydriodic acid in boiling acetic acid led almost exclusively to dimerisation of the ethylenic 
hydrocarbon (II) ; there was also formed a small amount of cadalene, the isolation of which 
is of importance, as it precludes the possibility of molecular rearrangement having been 
effected by the high temperature necessary for the above-mentioned selenium dehydro- 
genation. 

The facile dimerisation of 1 : 6-dimethyl-4-isopropenylnaphthalene is of interest, and 
it seems clear that the p-methyl group assists the process, for the reaction is brought about 
by hydrochloric acid in boiling acetic acid, whereas 1-isopropenylnaphthalene was not con- 
verted into its saturated dimeride by this means, although sulphuric acid in boiling acetic 
acid effected the change (Cook, J., 1932, 466). The facilitating influence of the p-methyl 
group in promoting dimerisation was doubtless also responsible for the failure to obtain 
1-methyl-4-csopropylnaphthalene by hydriodic acid reduction of the corresponding iso- 
propenyl compound, although in this case the pure dimeride was not isolated. 

The apocadalene obtained by Ruzicka and Mingazzini (Helv. Chim. Acta, 1922, 5, 710) 
by elimination of a methyl group from cadalene was assumed to be 3-methyl-5-1sopropyl- 
naphthalene, as it was not identical with 1-methyl-4-isopropylnaphthalene, which these 
authors prepared by a method also involving the use of aluminium chloride. We have now 
obtained 1-methyl-4-isopropylnaphthalene much more simply from the ethyl ester of 1- 
methyl-4-naphthoic acid, by treatment with methylmagnesium iodide, and subsequent 
dehydration and reduction. 

EXPERIMENTAL. 


4-Bromo-1 : 6-dimethylnaphthalene (I)—A mixture of pure 1: 6-dimethylnaphthalene 
(supplied by the Gesellschaft fiir Teerverwertung: picrate, m. p. 111—112°; lit., 114°) 
(156 g.) and CS, (350 c.c.) was treated slowly with Br (50 c.c.), and then warmed on the water- 
bath. After removal of the solvent, the residue was twice distilled in vac., yielding 125 g. of a 
const.-boiling fraction. A sample for analysis was agitated with warm KOH in MeOH and twice 
distilled in vac.; it was then a very pale yellow, mobile liquid, b. p. 171—172°/15 mm. (Found : 
C, 61:8; H, 4:85. (C,,H,,Br requires C, 61-3; H, 4:7%). The picrate separated from EtOH 
in orange needles, m. p. 114° (Found: C, 46-8; H, 3-7. C,,H,,Br,C,H,O,N, requires C, 46-6; 
H, 3-0%). 

1 : 6-Dimethyl-4-naphthoic Acid (1).—A slow stream of CO, was led into an ice-cold Grignard 
solution prepared from the aforesaid bromo-compound (100 g.) and Mg turnings (10 g.) in anhyd. 
Et,O (500 c.c.). After 6 hr. the solution was allowed to warm to room temp., passage of CO, 
being continued for a further 12 hr. The acidic product was isolated by known methods and 
recrystallised from AcOH and then xylene (yield, 20 g.; m. p. 185—188°). Colourless needles 
of pure 1 : 6-dimethyl-4-naphthoic acid, m. p. 188—189°, were obtained by recrystn. from C,H, 
(Found: C, 77-85; H, 5-9. C,,3H,,O, requires C, 78-0; H, 6-05%). 

The ethyl ester was formed by heating the acid (67 g.) under reflux for 5 hr. with EtOH 
saturated with HCl (150 c.c.) diluted with EtOH (300c.c.). The ester (66 g.) formed a colourless 
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viscous liquid, b. p. 166°/3—5 mm., which crystallised after several weeks (Found: C, 79-0; 
H, 7:1. C,sH 1,0, requires C, 78-9; H, 7-1%). 

1 : 6-Dimethyl-4-isopropenylnaphthalene (I1).—An ethereal solution of the above ester (23 g.) 
was added to a Grignard solution prepared from Mel (16 c.c.) and Mg turnings (6 g.), cooled in a 
freezing mixture. After addition of the ester, the solution was allowed to warm to room temp., 
then boiled for 1 hr., and decomposed with ice and NH,Cl. The Et,O was removed from the 
washed and dried solution on the water-bath. The residual carbinol (I), a gum which could 
not be obtained cryst., was heated on the water-bath for 2} hr. with picric acid (24 g.) in EtOH 
(350 c.c.). On cooling, the picrate of 1 : 6-dimethyl-4-isopropenylnaphthalene (II) separated as 
orange-red needles (21 g.), m. p. 118—119° after recrystn. from EtOH (Found: N, 10-0. 
C,5H4¢,C.H,O,N, requires N, 9-9%). Dehydrocadalene (11), isolated from the picrate, formed a 
colourless mobile liquid, b. p. 154°/14 mm. (Found: C, 91-9; H, 8-2. C,;H,. requires C, 91-8; 
H, 82%). 

B: an (III).—A solution of dehydrocadalene (5 g.) in boiling 
EtOH (50 c.c.) was treated gradually with Na (4 g.). The reduction product was distilled in vac. 
and dehydrogenated with Se (4 g.) at 300—320° for 22 hr. The product was treated with 
picric acid (4-5 g.) in EtOH, the resulting picrate decomposed with Na,CO;, and the hydrocarbon 
distilled in vac. over Na; b. p. 153—154°/15 mm.; yield, 2g. The 1 : 6-dimethyl-4-isopropyl- 
naphthalene so obtained gave a picrate, m. p. 114—115° (alone or mixed with authentic cadalene 
picrate), and a styphnate, m. p. 140° (Ruzicka and Seidel, Joc. cit., give 139° for cadalene 
styphnate). 

Dimeride of Dehydrocadalene.—A solution in AcOH (300 c.c.) of the crude carbinol from 23 g. 
of 1 : 6-dimethyl-4-naphthoic ester was boiled for 2 hr. with HI (d 1-9; 40c.c.). The colourless 
cryst. solid which separated (12 g.) was in every way analogous to the dimeride of 1-isopropenyl- 
naphthalene (Cook, J., 1932, 466), and after crystn. from C,H, had m. p. 218° (Found: C, 
91-8; H, 8-3. C3 Hg, requires C, 91-8; H, 8-2%). This compound was also obtained when a 
solution of dehydrocadalene (II) in AcOH containing HCl was boiled for 2 hr. 

The AcOH liquors from the HI reduction were diluted with H,O and extracted with Et,O. 
After removal of the Et,O the residual oil was treated with ice-cold conc. H,SO, to remove 
olefin, and the unattacked oil distilled in vac. The product (0-5 g.) gave a picrate which after 
2 recrystns. from EtOH had m. p. 112—113°, not depressed by cadalene picrate. 

Dimethyl-(4-methyl-1-naphthyl)carbinol.—This was prepared from ethyl 4-methyl-1-naphtho- 
ate (Mayer and Sieglitz, Ber., 1922, 55, 1839) (10-7 g.) and MeMglI (from 7 c.c. Mel and 2-5 g. 
Mg turnings) exactly as described above for the dimethylnaphthoic ester. The crude liquid 
carbinol became solid under light petroleum and after several recrystns. from C,H,, formed 
colourless fibrous needles, m. p. 90° (not sharp) (Found: C, 84-0; H, 8-4. C,,H,,O requires C, 
84-0; H, 80%). The indefinite m. p. was probably due to contamination with a pinacol re- 
duction product of an intermediate ketone; no improvement resulted from the use of a larger 
excess of a filtered solution of MeMglI. 

When this carbinol was reduced with HI in boiling AcOH no pure compound could be isolated. 

1-Methyl-4-isopropenylnaphthalene.—A solution of the foregoing carbinol (12 g.) in EtOH 
(60 c.c.) and conc. HCl (2-5 c.c.) was heated on the water-bath for l hr. After dilution with 
H,O the product was extracted with Et,O and distilled in vac. The const.-boiling olefin (9-5 g.) 
gave a picrate, which crystallised from EtOH in orange needles, m. p. 88° (Found: C, 58-0; 
H, 4-6. C,,H,,,CsH,O,N, requires C, 58-4; H, 4-2%). The same picrate was also obtained by 
heating the carbinol with alc. picric acid. 

1-Methyl-4-isopropylnaphthalene.—1-Methyl]-4-isopropenylnaphthalene (8-9 g.) was reduced 
with Na (7 g.) in boiling EtOH (100 c.c.), and the product dehydrogenated by Se (8 g.) at 280— 
300° for 20 hr. The resulting apocadalene was distilled in vac. ovér Na (yield, 5-8 g.): it was 
then purified through the picrate and redistilled; b. p. 148°/16 mm. (Found: C, 91-2; H, 8-9. 
Calc. for C,,H,,: C, 91:3; H, 87%). The picrate of this 1-methyl-4-isopropylnaphthalene 
formed orange needles, m. p. 100—101° (Ruzicka and Mingazzini, Joc. cit., give 99—100°). A 
sharp-melting styphnate could not be obtained. 


The authors are indebted to Professor I. M. Heilbron, F.R.S., for an authentic specimen of 
cadalene picrate. 


THE RESEARCH INSTITUTE OF THE CANCER HospitTaL (FREE), Lonpon, S.W. 3. 
THE Sir JoHN Cass TECHNICAL INSTITUTE, Lonpon, E.C. 3. [Received, November 16th, 1932.] 








Synthetical Experiments on the Nature of Betanin, etc. Part II. 25 


9. Synthetical Experiments on the Nature of Betanin and Related 
Nitrogenous Anthocyanins. Part II. 


By (Mrs.) ALIcE M. RoBINsoN and ROBERT ROBINSON. 


THE properties of the aminoflavylium salts described in Part I were such as to lend support 
to the view that they may be closely related to the anthocyanin-like pigments of the 
Chenopodiaceae, but, in general, the red colour of the solutions of the hydrochlorides was 
changed to yellow or orange on the addition of hydrochloric acid in moderate excess 
and this is not a property of betanin (cf. Willstatter and Schudel; Schudel, Diss., Ziirich, 
1918). We have now found that 4’-aminoflavylium salts, containing two or three hydroxyl 
groups in the positions (3, 5, 7) corresponding to those hydroxylated in the anthocyanidins, 
possess a colour, stability to cold mineral acids, and behaviour with alkalis quite similar to 
the respective properties of the pigment of the beet. The latter is, however, the more 
unstable towards hot mineral acids and, on the other hand, it appears to be more resistant 
to the action of nitrous acid than is any of the synthetic salts. 

These divergencies indicate that, although betanidin is undoubtedly a member of the 
aminoflavylium salt group, we are not yet in possession of the true synthetic model for it ; 
possibly N-methylation will enable the gap to be bridged. 

In extending the series of aminoflavylium salts we first applied the methods described 
in Part I to the preparation of methoxylated derivatives, more highly substituted than 
heretofore. 

The properties of (I) showed that sufficient auxochromes had been introduced into 
appropriate positions to give the necessary blueness of tone of red solutions in acidified 
alcohol. The effect of a change in the position of the amino-group (from 4’ to 3’) was 
then studied and it was found that the salts (II) and (III) did not resemble betanin very 
closely in respect of the colour of acid solutions. (Methylation of hydroxyl groups does not 
alter the visible colour of acid alcoholic solutions of the anthocyanins in large degree.) 
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Comparison of (III) with a related salt (IV) containing a nitro-group and of both with 
similar 4’-substituted salts and with pelargonidin and cyanidin derivatives showed that 
the amino- and nitro-groups exert hypsochromic and bathochromic effects, respectively, 
when occurring in position 3’, but these influences are much more efficient when either of 
the groups occupies position 4’ as in (V) and (VIII). 
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Although considerable experimental difficulties were encountered, it was ultimately 
found possible to prepare a series of hydroxylated salts (VI, VII, VIII) and of these the 
pelargonidin analogue (VIII) exhibits the closest similarity to the beet-pigment. 
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EXPERIMENTAL. 


3-Nitro-4-methoxybenzoyl Chloride——A mixture of 3-nitroanisic acid (1 mol.) and PCI, 
(1 mol.) was heated on a steam-bath for 6 hr. and then freed from POCI,; the residue crystallised 
from light petroleum (sparingly sol.) in long white needles, m. p. 52° (Found : C, 44-4; H,-2-6; 
N, 6-9; Cl, 16-1. C,H,O,NCI requires C, 44-5; H, 2-8; N, 6-5; Cl, 16-5%). 

«-Diazo-3-nitro-4-methoxyacetophenone.—A solution of 3-nitro-4-methoxybenzoyl chloride 
(20 g.) in CHCl, (50 c.c.) was added during 15 min. to ethereal CH,N, (from 20 c.c. of nitroso- 
methylurethane) ; a vigorous evolution of N accompanied the separation of pale yellow crystals 
of the diazo-ketone. After 12 hr. the cryst. material was collected, washed with Et,O (yield, 
20 g.; m. p. 138—139°), and recrystallised from EtOH, forming rectangular plates, m. p. 139° 
(Found: C, 49-0; H, 3-5; N, 18-0. C,H,O,N,; requires C, 49-0; H, 3-2; N, 190%). The 
diazo-ketone is easily sol. in org. solvents with the exception of light petroleum and it exhibits 
the characteristic behaviour of diazo-compounds towards I,, acids, and alc. NaOH; exposure 
to direct sunlight causes it to. become bright yellow. 

3-Nitro-w-acetoxy-4-methoxyacetophenone.—The diazo-ketone (15 g.) was mixed with sufficient 
AcOH to make a thick paste and warmed on a water-bath for 20—30 min. until the evolution of 
N appeared to be complete; the liquid was then boiled for 2 min. The cooled solution was 
poured slowly with stirring into cold H,O; the w-acetoxy-ketone, which separated (15 g., 
m. p. 110°), crystallised from EtOH in large yellow rectangular plates, m. p. 110°, readily 
sol. in EtOH, C,H,, or EtOAc and sparingly sol. in light petroleum. It reduced Fehling’s 
solution readily (Found: N, 5-8, C,,H,,O,N requires N, 5-5%). 

3-A mino-w-acetoxy-4-methoxyacetophenone.—The nitro-ketone (2 g.), suspended in boiling 
H,O (50 c.c.), was added to a boiling solution of FeSO,,7H,O (50 g. in 200 c.c. H,O) and aq. 
NH, (about 10 c.c., d 0-880) was slowly introduced with efficient stirring. Finally, the alkaline 
solution was boiled 2—3 min. and filtered hot. The amino-ketone separated quickly from the 
filtrate in yellow plates, m. p. 110°, and 119—120° after recrystn. from hot H,O (easily sol.) 
(Found: C, 59-3; H, 5-8; N, 6-7. C,,H,;0,N requires C, 59-2; H, 5-8; N, 63%). The 
substance is readily sol. in the simple alcohols, and reduces Fehling’s solution slowly in the cold, 
rapidly on warming. It is easily sol. in HCl aq. and can be diazotised and then couples with 
8-naphthol to an azo-compound. 

4’-A mino-3-hydroxy-5 : 7-dimethoxyflavylium Perchlorate (1).—A solution of 2-hydroxy-4 : 6- 
dimethoxybenzaldehyde (0-92 g.) and 4-amino-w-acetoxyacetophenone (0-97 g.) in conc. HCl 
(150 c.c.) was saturated with HCl at 0° during 6 hr., and left over-night. The chloride was 
sparingly sol. and 0-7 g. was collected; 20% HClO, aq. (150 c.c.) was added to the filtrate and, 
after 24 hr., the solution was filtered and the cryst. perchlorate washed with Et,O and dried. 
Recryst. from AcOH, or from 20% HClO, aq., the salt formed microscopic needles (Found in 
material dried in vac.: C, 49-3; H, 4-0; N, 3-5; Cl, 9-0. C,,H,g0,NCI,H,O requires C, 49-1; 
H, 4:3; N, 3-4; Cl, 86%). The salt gives a permanganate-coloured solution in EtOH and, 
more readily, a cherry-red solution in MeOH. The aq. solution is red, and the addition of conc. 
HCI to aq. or alc. solutions produces an orange colour. Addition of Na,CO, aq. and NaOH aq. 
to the alc. solutions gives greenish-yellow colorations and NaOAc aq. precipitates the purplish- 
red colour-base. 

3’-A mino-3-hydroxy-7 : 4'-dimethoxyflavylium Perchlorate (I1).—A Schiff’s base, prepared by 
condensing equiv. quantities of 2-hydroxy-4-methoxybenzaldehyde and 3-amino-w-acetoxy-4- 
methoxyacetophenone in abs, EtOH, was dissolved in conc. HCl, and the solution saturated 
with HCl, but no evidence of pyrylium salt formation was forthcoming. The direct condens- 
ation, however, succeeded. 3-Amino-w-acetoxy-4-methoxyacetophenone (1-12 g.) and 
2-hydroxy-4-methoxybenzaldehyde (0-78 g.) were dissolved in just sufficient conc. HCl, and 
HCl passed into the solution. The pyrylium salt was formed immediately and the solution 
was saturated at 10° during 6 hr. and then kept for 12 hr. The chloride was rather sparingly 
sol. in the conc. HCl, so more acid was added and the solution warmed to dissolve as much as 
possible of the solid. It was then filtered and 20% HClO, aq. added to precipitate the cryst. 
perchlorate; after 24 hr., this was collected and recrystallised from much AcOH, forming bright 
red needles (Found in material dried in a high vac.: C, 47-5; H, 4:6; N, 2-7; Cl, 9-9. 
C,,H,,0,NCI,2H,O requires C, 47-1; H, 4-6; N, 3-3; Cl, 8-2%). The salt is sol. in MeOH and 
EtOH to bright red solutions, which become orange on addition of conc. HCl. It is very 
sparingly sol. in H,O and cold dil. HCl, but it is sol. in the hot acid to give an orange solution. 
On addition of Na,CO, aq. and NaOH aq. the coloured alc. solution becomes yellow and pptn. 
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of a brownish pseudo-base occurs. The colour is restored on addition of acid. With NaOAc aq. 
the purplish-red colour-base is pptd. 

3'-A mino-3-hydroxy-5 : 7: 4'-irimethoxyflavylium Perchlorate (I11).—A solution of 3-amino- 
«@-acetoxy-4-methoxyacetophenone (1:12 g.) and 2-hydroxy-4: 6-dimethoxybenzaldehyde 
(0-96 g.) in conc. HCl (150 c.c.) was saturated with HCl] at 10° during 6 hr., then kept over-night 
and filtered. Sufficient 20% HClO, aq. was added to ppt. the pyrylium salt as bright red 
needles, which were recrystallised from 20% HClO, aq. (400 c.c.) (Found in air-dried material : 
C, 46-6; H, 4-7; N, 3-1; Cl, 8-4. C,gH,,0,NCI,2H,O requires C, 46-6; H, 4-8; N, 3-0; Cl, 
7:7%). The salt is easily sol. in MeOH to a red solution, less readily in EtOH to give a bluish- 
red solution. Addition of conc. HCl to the alc. solutions changes the colour to orange. The 
salt is almost insol. in cold dil. aq. acids. Addition of Na,CO, aq. and NaOH aq. to the alc. 
solutions gives yellow solutions and some pptn. of pseudo-base; with NaOAc aq. the colour- 
base is pptd. 
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The curves I, II, and III were obtained with the substances so indicated in the text above; 
I was examined in 0-5N/104-, and II and III in N/10*-solution in 0-1% HCl-MeOH in a cell 
of 20 mm. 

3'-Nitro-3 : 7-dihydroxy-5-benzoyloxy-4'-methoxyflavylium Chloride.—O-Benzoylphloroglucin- 
aldehyde and 3’-nitro-w-acetoxy-4-methoxyacetophenone did not condense in dry Et,O solution 
by means of HCl; the aldehyde separated and no sign of pyrylium salt formation could be 
detected. The salt was formed by means of 80% H-CO,H aq. and could be obtained on the 
addition of dry Et,O to the solution. Still better results followed the use of dry EtOAc as the 
solvent. O-Benzoylphloroglucinaldehyde (1-3 g.) was dissolved in the minimum vol. of EtOAc 
and the w-acetoxy-ketone (1-2 g.), when added, dissolved; the solution was cooled to 0° and 
saturated with dry HCl and then kept over-night. The chloride (1-7 g.) was obtained in bronze 
rectangular plates. The crude salt (0-4 g.) was dissolved in EtOH (50 c.c.), and conc, HCl 
(21 c.c.) added slowly to the hot solution; on cooling, the pyrylium salt crystallised in crimson 
clusters of plates (0-25 g.) (Found in air-dried material: C, 54:3; H, 4:0; N, 2-6; Cl, 6-7. 
C,3H,,O0,NC1,2H,O requires C, 54-6; H, 4:0; N, 2-8; Cl, 70%). The salt is sparingly sol. in 
dil. HCl and glac. AcOH; it is sol. in MeOH and EtOH to orange-red solutions. Addition of 
conc, HCl to the alc. solution gives an orange coloration. On the addition of NaOAc aq. a 
yellow solution is obtained; with Na,CO, aq. a greenish-brown solution and pptn. of the colour- 
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base result, and with NaOH aq. a greenish-brown solution is obtained; the addition of mineral 
acid to these solutions restores the orange-red colour of the pyrylium salt. 

3’-Nitro-3 : 5 : 7-trihydroxy-4'-methoxyflavylium Chloride (IV).—The benzoyl derivative 
(above) was hydrolysed by means of EtOH-HCl. The benzoyl salt (4 g.) was dissolved in 
EtOH (250 c.c.), conc. HCl (63 c.c.) added, and the solution heated on the steam-bath for 
12 hr.; the EtOH was then distilled, and the residual solution kept until crystn. was complete. 
The crude material was dissolved in EtOH, and the filtered solution saturated with HCl; the 
chloride separated as dark purplish-red crystals (Found in air-dried material: C, 52-1; H, 3-8; 
N, 3-3. C,,H,,0,NCI requires C, 52-5; H, 3-3; N, 38%). The salt is freely sol. in MeOH and 
EtOH to red solutions, which are considerably more intensely coloured than those of the benzoyl 
derivative. These solutions on the addition of conc. HCl become orange. Addition of Na,CO, 
or NaOH to the alc. solutions gives dark purplish-green colorations and addition of NaOAc gives 
a purplish-red solution, from which, on keeping, the colour-base separates. 

4’-Nitro-3 : 5 : T-trihydroxyflavylium Chloride (V).—A solution of 4 : 6-dihydroxy-2-benzoyl- 
oxybenzaldehyde (2-59 g.) and 4-nitro-w-acetoxyacetophenone (2-1 g.) in dry EtOAc was cooled 
in ice-water, and saturated with dry HCl during 6 hr. The chloride separated in purplish- 
brown crystals, which were collected (2-6 g.) after 12 hr. This salt is characterised by very 
sparing solubility in MeOH and EtOH, acetone, AcOH and BuOH. It is also insol. in hot H,O 
and in dil. or conc. mineral acids. On the addition of Na,CO,;, NaOH or NaOAc to the alc. 
solution, a weak pink coloration is obtained. 

The insolubility of this salt renders the removal of the benzoyloxy-group by hydrolysis 
difficult, but it was ultimately effected by means of alc. HCl. Nitrodihydroxybenzoyloxyflavyl- 
ium chloride (2 g.) was suspended in a solution of conc. HCl (25c.c.) in abs. EtOH (100 c.c.), and 
the whole refluxed for 18 hr.: the solid was then shown by analysis to consist partly of 
unchanged material and partly of the debenzoylated salt. 

From the filtrate the debenzoylated salt slowly separated in plates, which were washed with 
dry Et,O (Found in air-dried material: C, 51-0; H, 4-1; Cl, 10-8. C,;H,,O,NCI,H,O requires 
C, 50-9, H, 3-4; Cl, 10-1%). The salt is almost insol. in hot H,O and dil. and conc. HCl; 
in MeOH and EtOH it dissolves to brown solutions, which become pink on the addition of 
Na,CO,, NaOH or NaOAc. 

4’-Amino-7-hydroxyflavylium Chloride (V1).—4-Aminoacetophenone (0-68 g.) was dissolved 
in conc. HCl, B-resorcylaldehyde (0-69 g.) added, and HCl passed into the cooled stirred solution 
for 6hr. The yellowish ppt. was then collected, washed with Et,O, and dried, becoming brick- 
red in colour; it was recrystallised from MeOH (yield, 0-5 g.) (Found in material dried in a high 
vac. over P,O,;: C, 65-3; H, 4-9; N, 4:7. C,;H,,O,NCI requires C, 65-8; H, 4-4; N, 51%). 
The salt is sparingly sol. in H,O to a pale red solution, and easily sol. in MeOH and EtOH to 
cherry-red solutions. On the addition of Na,CO, aq. these solutions become brownish-yellow, 
but formation of pseudo-base is not observed; NaOH aq. also gives a brownish solution. On 
the addition of NaOAc aq. the red colour persists and no separation of colour-base occurs. 
On the addition of conc. HCl to aq.-alc. solutions a yellow coloration is obtained. 

4’-Amino-3 : 7-dihydroxyflavylium Chloride (VII).—When a cooled solution of {-resorcyl- 
aldehyde (1-38 g.) and 4-amino-w-acetoxyacetophenone (1-93 g.) in conc. HCl (30 c.c.) was 
saturated with HCl, pptn. of the Schiff’s base occurred and the mixture became extremely 
viscous. Further conc. HCl (30 c.c.) was therefore added, and the mixture saturated during 
3 days. The crude material was crystallised from MeOH and more was obtained on addition 
of Et,O to the filtrate (Found in material dried at 110° in high vac. over P,O,;: C, 62-4; 
H, 4:1; N, 4:7; Cl, 12-8. C,;H,,O;NCI requires C, 62:2; H, 4:2; N, 4-8; Cl, 123%). The 
dark greenish-black salt is easily sol. in H,O and the simple alcohols to give blood-red solutions : 
addition of Na,CO, to the alc. solution gives a greenish-brown solution but no pseudo-base; on 
the addition of NaOAc a brown colour-base, insol. in CHCl,, is formed. Addition of conc. 
HCI to the alc. solution gives a brownish solution,-which becomes yellow only at great dilution. 
The amino-group is easily diazotised. 

‘-Amino-3 : 7-dihydroxy-5-benzoyloxyflavylium Chloride.—A solution of 4-amino-w-acetoxy- 
acetophenone (0-4 g.) and 4: 6-dihydroxy-2-benzoyloxybenzaldehyde (0-52 g.) in conc. HCl 
(20 c.c.) was saturated with HCl; some of the benzoylphloroglucinaldehyde then separated, but 
gradually redissolved as the reaction proceeded. The solution was saturated for 12 hr. As 
addition of Et,O did not ppt. the pyrylium salt, the liquid was evaporated to dryness in vac. 
over KOH, the residue dissolved in MeOH, and the purple pyrylium salt pptd. by addition of 
dry Et,O. The material obtained by this process is a mixture of the benzoyl and the debenzoyl- 
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ated salt, and when the latter is required the crude material can be treated directly with KOH 
aq. in the usual manner, this being the best way to prepare the salt in quantity. When, however, 
the pure benzoyl derivative is required the condensation should be carried out in EtOAc. A 
solution of 4 : 6-dihydroxy-2-benzoyloxybenzaldehyde (1-3 g.) and 4-amino-w-acetoxyaceto- 
phenone (0-97 g.) in dry EtOAc (200 c.c.) was cooled in ice and saturated with dry HCl during 
6hr. Immediately the gas was passed, some of the Schiff’s base separated as the hydrochloride, 
which was insol. in EtOAc and was not converted into the pyrylium salt on standing. It is 
very stable and is not readily hydrolysed even on heating with dil. mineral acids. 

After 48 hr. the solution was filtered and gave the hydrochloride of the Schiff’s base (1-1 g.) 
(Found in air-dried material: C, 61-3; H, 4:5; N, 3-1; Cl, 7-7. C,,H,O,NCl requires C, 
61-3; H, 4-3; N, 3-0; Cl, 7-6%), and from the filtrate on addition of Et,O the pyrylium salt 
(0-85 g.) was obtained (Found in air-dried material: C, 59-9; H, 4:6; N, 3-5; Cl, 91. 
C,,H,,0;NCI,2H,O requires C, 59-3; H, 4-5; N, 3-1; Cl, 8-0%). This salt is difficultly sol. in 
H,0O, easily sol. in dil. HCl to give a reddish-violet solution, and very easily sol. in the simple 
alcohols to reddish-purple solutions. Addition of Na,CO, aq. gives a green solution and NaOAc 
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ppts. a green colour-base which is sol. in CHCl, and CgH,. On addition of conc, HCI to the alc. 
solutions the red colour persists and is changed towards orange only on the addition of a very 
large excess of the acid. The salt is readily diazotised. 

4’-Amino-3 : 5: 7-trihydroxyflavylium Chloride (VIII).—4’-Amino-3 : 7-dihydroxy-5-benzoyl- 
oxyflavylium chloride (0-5 g.) was added to cooled 8% aq.-alc. NaOH (5 c.c. H,O and 7:5 c.c. 
EtOH), and the solution kept for 3 hr. at room temp., air being excluded by N and the mixture 
occasionally shaken. After addition of conc. HCl (10 c.c.), the whole was heated at 60° for 30 
min., filtered, cooled, and kept in the ice-chest over-night. A dark purple salt separated in 
clusters of needles (0-35 g.), and this was washed with dry Et,O (Found in air-dried material : 
C, 55-4; H, 3-9; N, 4:1; Cl, 11-3. C,;H,,0,NCI,H,O requires C, 55-3; H, 4-3; N, 4-3; Cl, 
10-9%). This salt is even more easily sol. than the benzoyl derivative in H,O, dil. HCl, and the 
simple alcohols to give red-purple solutions; on addition of conc. HCl the red colour persists 
even at great dilution. Na,CO, added to the alc. solution gives a green coloration, fading to 
greyish-mauve; with NaOAc a purple colour-base is obtained. The colour of the salt in acid 
solution is changed to brownish-yellow on the addition of NaNQO,. 

The curves VI, VII, and VIII refer to the substances so denoted in the text; VI was examined 
in N/104-, VIL in 0-25N/104-, and VIII in 0-5N/10*-solution in 0-1% HCl—-MeOH in a 20 mm. cell. 


UNIVERSITY COLLEGE, LONDON. 
Dyson PERRINS LABORATORY, UNIVERSITY OF OXFORD. [Received, October 25th, 1932.) 
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10. Natural and Synthetic Indican. 
By ALEXANDER ROBERTSON and Roy B. WATERS. 


THOUGH a specimen of natural indican was not available when the synthesis of this 
glucoside was achieved (J., 1927, 1937), the characteristic properties of the synthetic 
material left no doubt that it was identical with the natural glucoside. We have repeated 
the synthesis and found that synthetic indican, anhydrous material, m. p. 176°,[«]:%s 
— 77-64° in water (c, 1-0), and trihydrate, m. p. 58°, [«]}%,, — 65-63° in water (c, 1-0), was 
identical with a natural specimen (Perkin and Bloxam, J., 1907, 91, 1715), anhydrous 
material, m. p. 176°, [«]3%., — 77-75° in water (c, 0-6), and trihydrate, m. p. 57°. Both the 
natural and the synthetic compound were hydrolysed by emulsin (cf. Beyerinck, Proc. K. 
Akad. Wetensch. Amsterdam, 1900, 3, 101). 


Penta-acetylindican.—The simultaneous acetylation and decarboxylation of 3-8-glucosidoxy- 
indole-2-carboxylic acid had given rise to a penta-acetylindican (A) (loc. cit.) which separated 
from MeOH or EtOH in needles, m. p. 148°, [«]%j, — 47-93° in acetone (c, 0-4). Acetylation 
of indican (synthetic) with hot Ac,O (5 c.c.) and NaOAc (0-5 g.) has now furnished an almost 
theo. yield of a second form (B) of the penta-acetate, which crystallised from MeOH in squat 
prisms, m. p. 112°, [«]}%, — 47-11° ingacetone (c, 0-6) (Found: C, 57-0; H, 5-6. Calc. for 
C,,H,,0,,N : C, 57-0; H, 5-4%). On being heated above its m. p., (B) solidified and changed 
at 120—130° into (A), which then melted at 147°. A mixture of (A) and (B) had m. p. 
147—148°. 

In a similar manner the acetylation of the natural glucoside yielded the penta-acetate, 
m. p. 112°, [«]}§;, — 47-20° in acetone (c, 0-6), which had properties identical with those of (B) 
derived from synthetic indican (Found : C, 57-0; H, 5-6%). 

The interconversion of the forms (A) and (B) was also effected as follows: A hot alc. 
solution of (B) was cooled to 50°, a crystal of (A) added, and the glucoside pptd. by the 
gradual addition of H,O. Next day the compound was collected and dissolved in warm 70% 
MeOH, and on being nucleated the solution deposited (A) in needles, m. p. 147°, which had 
m. p. and mixed m. p. 148° after recrystn. from EtOH. When a trace of (B) was added toa 
solution of (A) in EtOH at 50° and the mixture kept at room temp., the whole of the penta- 
acetate separated in the form (B), m. p. 112°, in the course of several hours. 

The rotations of the following compounds used in the synthesis of indican (/oc. cit.) are 
now recorded: methyl 3-O-tetra-acetyl-$-glucosidoxyindole-2-carboxylate, [«]!§., — 47-67° in 
acetone (c, 0-7); potassium 3-8-glucosidoxyindole-2-carboxylate, [a]}%;, — 48-41° in H,O 
(c, 0-6). 


The authors are indebted to the Chemical Society for a grant. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, December 8th, 1932.] 





11. The Condensation of Chloral with Tolyl- and Nitrophenyl-ureas. 
By F. D. Cuatraway, G. M. T. Kerr, and C. G. LAWRENCE. 


CHLORAL condenses readily with o- and p-tolylurea, and with m- and p-nitrophenylurea, 
at 100°, crystalline N-aryl-N’-688-trichloro-«-hydroxyethylureas being formed : 


CCl,-CHO + H,N-CO-NHAr —> CCl,-CH(OH)-NH-CO-NHAr. 


The condensation products yield with acetic anhydride diacetyl derivatives, 
CCl,*CH(OAc)*NH:CO-NAcAr. They dissolve in cold dilute sodium hydroxide, and 
separate unchanged if the solutions are immediately acidified. When such solutions are 
kept for any length of time, or are heated, the chloral condensation product is hydrolysed 
to chloroform, sodium formate, and the parent urea. 
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From well-cooled freshly-made alkaline solutions and acetic anhydride, anhydro- 
compounds of ether-like structure are formed, 


CCl,-CH(OH)*NH-CO*NHAr y,04 aq, CCly*CH*NH-CO-NHAr 
— O 
CCl,;CH(OH)-NH:CO-NHAr * 4° CClyCH-NH-CO-NHAr 


which with acetic anhydride yield diacetyl derivatives, [NAcAr-CO-NH-CH(CC]l,)],0. 

When a solution of one of these ethers and a sodium alkoxide in the corresponding 
alcohol is kept for some time, fission occurs at the ether linkage and an N-aryl-N’-666- 
trichloro-a-alkoxyethylurea, CCl,*CH(OR)*NH-CO-NHAr, is formed. These alkoxy-com- 
pounds can more conveniently be made directly from the chloral ureas without isolation of 
the anhydro-compound by adding slightly more than the equivalent of acetic anhydride 
to a well-cooled solution of the N-aryl-N’-688-trichloro-«-hydroxyethylurea in alcoholic 
potash. 

EXPERIMENTAL. 


N-o-Tolyl-N’-888-trichloro-a-hydroxyethylurea, obtained as a colourless viscid mass by heating 
15 g. of o-tolylurea and 25 g. (1 mol. + excess) of chloral hydrate on a water-bath for 15 min., 
crystallised from aq. EtOH in long, slender, colourless prisms, m. p. 146° (decomp.) (Found : 
Cl, 35-5. C4 9H,,O,N,Cl, requires Cl, 35-8%). Its diacetyl derivative crystallised from boiling 
AcOH in small, compact, colourless prisms, m. p. 114° (decomp.) (Found: Cl, 27-7. 
C,4H,;0,N,Cl, requires Cl, 27-9%). 

Bis-(888-trichloro-a-N’-o-tolylcarbamidoethyl) Ether.—To a solution of 10 g. of N-o-tolyl-N’- 
688-trichloro-«-hydroxyethylurea in 100 c.c. of ice-cold N-NaOH, 5 g. of Ac,O were added 
drop by drop at 0—5°. The ether separated as a colourless flocculent solid and crystallised from 
boiling aq. EtOH in long colourless prisms, m. p. 198° (decomp.) (Found: Cl, 36-9. 
CogHg9O3N,Cl, requires Cl, 36-99%). Its diacetyl derivative crystallised from aq. EtOH in clusters 
of short colourless prisms, m. p. 166° (decomp.) (Found : Cl, 32-2. C.,H,,0;N,Cl, requires Cl, 
32-2%). 

N-o-Tolyl-N’-888-trichlovo-x-ethoxyethylurea.—(1) To 5 g. of the preceding ether in 15 c.c. of 
EtOH, 0-2 g. of Na in 20 c.c. of EtOH was added. After 12 hr., during which time sodium 
formate separated, the liquid was poured into 200 c.c. of cold H,O; N-o-tolyl-N’-888-trichloro- 
a-ethoxyethylurea then separated. It crystallised from boiling aq. EtOH in long colourless 
prisms, m. p. 136° (decomp.). 

(2) 10 G. of N-o-tolyl-N’-888-trichloro-«-hydroxyethylurea were dissolved in an ice-cold 
solution of 4 g. of KOH in 100 c.c. of EtOH, 5 g. of Ac,O added drop by drop, and, after standing 
at room temp. for }$ hr., the whole was poured into 300 c.c. of cold H,O; N-o-tolyl-N’-B86- 
trichloro-«-ethoxyethylurea then separated and was crystallised as before (Found: Cl, 32-6. 
C,,H,;O,N,Cl, requires Cl, 32-7%). 

N-o-Tolyl-N’-888-trichloro-a-methoxyethylurea, prepared by similar methods, crystallised from 
boiling aq. EtOH in colourless lustrous plates, m.-p. 157° (decomp.) (Found: Cl, 34:1. 
C,,H,,;0,N,Cl, requires Cl, 34-2%). 

By analogous reactions the following compounds were prepared from other ureas. 

N-p-Tolyl-N’-888-irichloro-a-hydroxyethylurea, colourless compact bi-pyramids from aq. 
EtOH; m. p. 181° (decomp.) (Found: Cl, 35-6%). N-Acetyl-N-p-tolyl-N’-B88-trichloro-a- 
acetoxyethylurea, colourless unctuous leaflets from aq. ACOH; m. p. 120° (decomp.) (Found : 
Cl, 278%). Bis-(888-irichloro-x-N’-p-tolylcarbamidoethyl) ether, long, colourless, irregular 
prisms from EtOH; m. p. 203° (decomp.) (Found: Cl, 363%). Bis-(886-trichloro-a-N’-acetyl- 
N’-p-tolylcarbamidoethyl) ether, compact colourless prisms from EtOH; m. p. 167° (decomp.) 
(Found: Cl, 32:1%). N-p-Tolyl-N’-888-trichloro-a-methoxyethylurea, colourless flattened 
prisms from aq. EtOH; m. p. 149° (decomp.) (Found : Cl, 33-8%). N-p-Tolyl-N’-888-trichloro- 
a-ethoxyethylurea, colourless flattened prisms from aq. EtOH; m. p. 136° (decomp.) (Found : 
Cl, 32-6%). 

N-p-Nitrophenyl-N’-B88-trichloro-«-hydroxyethylurea, obtained from p-nitrophenylurea pre- 
pared by Pierron’s method (Amn. Chem., 1908, 2, 180), formed long, signder, pale yellow prisms 
from aq. EtOH; m. p. 196° (decomp.) (Found: Cl, 31-9. C,H,O,N,Cl, requires Cl, 32-4%). 
N-A cetyl-N-p-nitrophenyl-N’-888-trichloro-a-acetoxyethylurea, very pale yellow, irregular plates 
from aq. EtOH; m. p. 128° (decomp.) (Found : Cl, 25-2. C,3H,,O,N,Cl, requires Cl, 25-8%). 
Bis-(888-trichloro-a-N’-p-nitrophenylcarbamidoethyl) ether, pale yellow, six-sided tablets from 





32 McKenzie and Gow: The Isomeric (—)Menthyl a-Naphthylglycollates. 


AcOH; m. p. 203° (decomp.) (Found: Cl, 32-9. C,,H, ,O,N,Cl, requires Cl, 33-3%). Bis- 
(BBB-trichloro-a-N’-acetyl-N’-p-nitrophenylcarbamidoethyl) ether, colourless flattened prisms from 
AcOH; m. p. 151° (decomp.) (Found: Cl, 29-1. C,,H,s,OgN,Cl, requires Cl, 29-5%). N-p- 
Nitrophenyl-N’-888-trichloro-a-methoxyethylurea, short yellow prisms from AcOH; m. p. 192° 
(decomp.) (Found: Cl, 30-7. Cy )H,,0,N;Cl, requires Cl, 31-:1%). N-p-Nitrophenyl-N’- 
BBB-trichloro-a-ethoxyethylurea, short, pale yellow prisms from AcOH; m. p. 161° (decomp.) 
(Found: Cl, 30-6. C,,H,,0,N,Cl, requires Cl, 29-9%). 

N-m-Nitrophenyl-N’-888-trichloro-a-hydroxyethylurea, lustrous, irregular, very pale yellow 
plates from EtOH; m. p. 173° (decomp.) (Found: Cl, 32-1%). N-Acetyl-N-m-nitrophenyl-N’- 
BBB-trichloro-x-acetoxyethylurea, colourless microcryst. powder from aq. EtOH; m. p. 126° 
(decomp.) (Found: Cl, 25-0%). Bis-(888-trichloro-a-N’-m-nitrophenylcarbamidoethyl) ether, 
pale yellow, flattened prisms from AcOH; m. p. 217° (decomp.) (Found: Cl, 33-2%). Bis- 
(8BB-trichloro-a-N’-acetyl-N’-m-nitrophenylcarbamidoethyl) ether, colourless microcryst. powder 
from aq. ACOH; m. p. 170° (decomp.) (Found : Cl, 29-0%). N-m-Nitrophenyl-N’-888-trichloro- 
a-methoxyethylurea, long colourless prisms from aq. EtOH; m. p. 170° (decomp.) (Found : 
Cl, 30-3%). N-m-Nitrophenyl-N’-888-trichloro-a-ethoxyethylurea, slender colourless prisms from 
aq. EtOH, m. p. 146° (decomp.) (Found : Cl, 29-3%). 


THE QUEEN’s COLLEGE LABORATORY, OXFORD. (Received, November 16th, 1932.] 





12. The Isomeric (—)Menthyl a-Naphthylglycollates. 
By ALEX. McKENzIE and EvELyYnN R. L. Gow. 


THE phenyl and the «-naphthyl group have been contrasted in this laboratory from the 
point of view of saturation capacity and migrational aptitude, the compounds selected 
for this purpose being derived mainly from the isomeric mandelic acids and the analogous 
a-naphthylglycollic acids (McKenzie and Roger, J., 1924, 125, 844; 1927, 571; McKenzie 
and Dennler, J., 1924, 125, 2105; 1926, 1596; Ber., 1927, 60, 220; McKenzie and Mills, 
Ber., 1929, 62, 1784). Now, whilst the optically active mandelic acids and their derivatives 
have been studied in considerable detail with respect to the Walden inversion and 
racemisation phenomena, no such study has been made hitherto with the optically active 
a-naphthylglycollic acids. Derivatives of the latter acids have accordingly been investig- 
ated, more particularly with respect to displacement reactions, and certain pronounced 
differences have emerged between them and the corresponding mandelates. 

In connexion with the interconversion of the optically active atrolactinic acids by the 
Walden inversion, the divergence between the behaviour of phosphorus pentachloride on 
the one hand and of thionyl chloride on the other towards optically active hydroxy- 
compounds containing a phenyl group directly attached to the asymmetric carbon atom, 
was described by McKenzie and Clough (J., 1910, 97, 1016, 2564), thus : 

Ph Cl oe, Ph OH _y PCl, Ph Cl 
(—) Me>“<co,w *—— (—-) Me?“<co,n ~” (+) me><co,H 
and this observation was extended inter alia to ethyl (—)mandelate (J., 1911, 99, 1910) 
and (+-)phenylmethylcarbinol (J., 1913, 103, 687). The substitution of chlorine for the 
hydroxy-group was also studied under the asymmetric environment of the (—)menthyl 
group, and for this purpose the diastereoisomeric (—)menthyl mandelates were examined 
(McKenzie and Smith, J., 1923, 123, 1962), and the work was further prosecuted, more 
particularly on the side of asymmetric catalytic racemisation (McKenzie and Smith, J., 
1924, 125, 1582; Ber., 1925, 58, 894; Smith, Ber., 1931, 64, 427, 1115). 

The (—)menthyl «-naphthylglycollates have now been brought within the scope of 
these investigations. 

(—)Menthyl r-mandelate had previously been shown to be partially racemic, and to 
crystallise unchanged under various conditions of temperature above — 15° (McKenzie, 
J., 1904, 85, 378; Findlay and Hickmans, J., 1907, 91, 905; 1909, 95, 1386). It is now 
found that (—)menthy]l d/-«-naphthylglycollate (m. p. 38-5—39-5°) is not partially racemic 
but can be resolved, giving the optically pure ester (m. p. 71—72°) of the (+-)acid after two 
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crystallisations from light petroleum. For the preparation of the diastereoisomeric esters in 
quantity it was found, however, more practical to esterify the (+) and (—)acids separately. 

(—)Menthyl d/-phenylchloroacetate is crystalline, and can be resolved in ethyl-alcoholic 
solution (McKenzie and Smith, Joc. cit.). But (—)menthyl dl-«-naphthylchloroacetate 
(prepared by esterifying the r-acid) at the ordinary temperature is an oil ([«]54¢, — 74:9° 
in acetone) which has not been obtained crystalline, and difficulties have also been met in 
preparing the optically pure «-naphthylchloroacetic acids. Accordingly, the diastereo- 
isomeric (—)menthy] esters of the latter acids are not so far available for the direct com- 
parison of their rotatory powers with those of the products from the action of phosphorus 
pentachloride and of thionyl chloride respectively on the (—)menthyl hydroxy-esters. 

The action of thionyl chloride on the latter esters gave the following results, the 
rotatory powers being determined in acetone : 
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CygH CH (OH)-CO,*CygH yg ces CygHyCHCICO,+CypH yp, [2]}ea, — 120-4° 


CygHyCH(OH)*CO,CigHyy ~ o CygHy*CHClCO,*C gH jg, [%] 546, — 23° 
(+) ~) 


The full significance of these results is not apparent until the action of thionyl chloride on 
(—)menthyl dl-«-naphthylglycollate (which in the melted state is regarded as consisting 
of equal amounts of the diastereoisomerides) is considered, whereby the chloro-ester 
formed had [«],4,, — 75°5°, which agrees very closely with the value quoted above, v7z., 
[«] 54g, — 74:9°, for (—)menthyl d/-«-naphthylchloroacetate. This result, in conjunction 
with those just quoted for the diastereoisomeric esters, clearly indicates that the dis- 
placement racemisation is negligible during the action of thionyl chloride. From previous 
experience with menthyl esters, it can safely be concluded that no racemisation took 
place at the (—)menthyl complex. It therefore follows that the values [«];,,, — 120-4° 
and — 23° will probably approximate to those of the optically pure chloro-esters. Further 
support to this conclusion is obtained from a consideration of the optical rotatory power 
of (—)menthyl d/-«-naphthylchloroacetate, viz., [«]544, — 74:9°. Using the principle of 
optical superposition and calculating from the figures — 120-4° and — 23°, we obtain the 
value [«]54g, — 71-7°, which is not far removed from that of the ester of the d/-chloro-acid. 

The action of thionyl chloride on the diastereoisomeric (—)menthy] esters of «-naphthy]l- 
glycollic acid differs in a very marked manner from that on the mandelates (McKenzie 
and Smith, Joc. cit.), where a considerable amount of displacement racemisation has been 
shown to occur, thus: 


70% 30% 
CHPh(OH)*CO,*CygHyo 27S CHPhCL-CO," CygHyg + CHPHCICOy CoH yg 
=) (-) 

68% 32% 
CHPh(OH)-CO,Cy9Hyo “SS CHPhCI-CO, ‘CagHg + CHPhCI+CO,'CyoH yg 


(+) (+) 
Phosphorus aiinitiiae on the enaphthylglyeoliates si : 


(a) CyH, oe CO, CroHis <> CypHy*CHClCO,g°C 9H yo, [%] 546, — 78°3° 
(b) CjgH,*CH(OH)*CO,*C pH yp -_—> CypHy*CHClCO,g°C 9H yo, [&] 546, — 79°1° 
(+) (—) 
In (a) the displacement racemisation was almost complete, whereas in (b) a slight swing 


round of sign actually occurred at the complex *. Here also we have a marked contrast 
with the mandelates (McKenzie and Smith, Joc. cit.), thus : 


35% 65% 
CHPh(OH)*CO,*CygHs -2*S CHPhCI-CO, ‘CaoHg + CHPhCI+CO,*CyoHyy 
(=) () 

31% 69%, 


CHPh(OH)-COCyHig —"S CHPhCI-CO," ‘CygHyy + CHPhCICOsC 9H yg 
(+) (+) = 
D 
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In both of these cases, a pronounced swing round of sign occurred at the mandelyl 
complexes. 

The action of phosphorus pentachloride on (—)menthy] d/-«-naphthylglycollate gave a 
product which contained a slight preponderance of (—)menthyl (—)a«-naphthylchloro- 
acetate. 

Now, according to Clough (J., 1918, 113, 526), (—)mandelic acid belongs to the d-series 
(cf. Freudenberg, Brauns, and Siegel, Ber., 1923, 56, 193; Freudenberg and Markert, 
ibid., 1925, 58, 1753), and (—)phenylchloroacetic acid is also assumed by the same author 
to have the same configuration as (—)mandelic acid. The latter conclusion is also arrived 
at by Kenyon, Lipscomb, and Phillips (J., 1930, 415) from a study of the interaction of 
ethyl (—)mandelate and thionyl chloride in the presence of pyridine. If this conclusion 
is accepted, along with the assumption that (—)mandelic and (—)a-naphthylglycollic acid 
have the same configuration and belong to the d-series, then the actions of thionyl chloride 
described in the present paper are not accompanied by configurational change, whereas 
some evidence is given that a Walden inversion occurs with phosphorus pentachloride. 

Since the (—)menthyl «-naphthylglycollates differed from the mandelates in the 
manner described, the contrast between the phenyl and the a-naphthyl group has been 
extended further. Thus the fractional esterification of y-mandelic acid by (—)menthol 
by the method of Marckwald and McKenzie showed that the acid which had escaped 
esterification was /evorotatory. On the other hand, when r-«-naphthylglycollic acid was 
heated at 155° with (—)menthol, the unesterified acid was dextrorotatory, the (—)acid 
being here esterified more quickly than the (+)acid. The ester mixture gave after 
saponification and removal of the menthol, an acid which was practically optically 
inactive, as was anticipated. From previous work, only a single example is available 
where the phenyl and the «-naphthyl group have been contrasted with regard to catalytic 
racemisation by alcoholic alkali, an alcoholic solution of (—)«-phenyl-y-benzyl-y-a’- 
naphthylacetone, CH,Ph-CO-CH(C, )H,)*CH,Ph (I) (Ber., 1927, 60, 220), gradually becom- 
ing optically inactive when a trace of alcoholic alkali was added, whilst the analogous 
(+)ay-diphenyl-y-benzylacetone, CH,Ph-CO-CHPh-CH,Ph (II) (Roger and McKenzie, Ber., 
1929, 62, 272), exhibits a similar behaviour. But the velocity of racemisation was much 
greater with (II) than with (I) when a few drops of alcoholic potash (0-4487N) were added 
to ethyl-alcoholic solutions. Thus, for (II) (¢c = 1-103, / = 2) the dextrorotation fell 
from &s93 + 4:17° to + 3-88° in 45 minutes and the solution was optically inactive after 
100 hours, whereas with (I) (c = 0-5187, / = 2) the levorotation fell from — 3-38° to only 
— 3-33° after 1 hour, and the solution was optically inactive after 216 hours. Now, in 
the esters in question we have an «-naphthyl group in direct attachment to the asymmetric 
carbon atom and at the same time a hydrogen atom in the «-position to the carbonyl 
group, and it might be expected that the «-naphthyl group would exercise an influence 
similar to that of the phenyl group so far as catalytic racemisation by alcoholic alkali is 
concerned. This was borne out by results. Not only do the (—)menthyl esters of the 
optically active «-naphthylglycollic acids yield partially racemised acids after saponific- 
ation, but the extent of this racemisation is less pronounced than with the corresponding 
mandelates, as was expected from the observations made with the two ketones just 
mentioned. 

The fractional esterification of rv-«-naphthylglycollic acid by (+-)menthol showed that 
the unesterified acid was levorotatory. 

Finally, the effect of a trace of potassium ethoxide on alcoholic solutions of the 
diastereoisomeric esters was examined. With a solution of (—)menthyl (—)«-naphthy]l- 
glycollate giving the initial value [«];,,, — 177-7°, a fall of rotation gradually took place, 
the constant value [«];,,, — 166-2° being attained. On evaporation of the alcohol from 
this solution, the odour of menthol was perceptible. The amount of saponification was 
negligible, but the menthyl group of the ester had to some extent been displaced by the 
ethyl group on the lines of Purdie’s reaction, where a trace of ethoxide causes an inter- 
change of radicals in alcoholic solutions of esters, thus : 


CoH ,*CH(OH)-CO,*C,9H,, + EtOH —> C,,H,-CH(OH)-CO,Et + C,9H,°OH 
ad (-) (—) 7 


OR) APOE Ba +> 
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“‘ Umesterung ”’ has recently been observed by McKenzie and Mitchell (Biochem. Z., 1930, 
224, 242) with (—)menthyl benzoylformate. Again, with (—)menthyl (+-)«-naphthyl- 
glycollate under similar conditions, the rotation rose from [«];4,,; + 41-8° to + 47-8°, an 
observation which can be attributed to the same cause. With the two glycollates, it is 
very likely that two distinct reactions were progressing simultaneously, viz., asymmetric 
catalytic racemisation and “ Umesterung.’”’ Asymmetric catalytic racemisation alone 
would cause the levorotation of (—)menthyl (—)«-naphthylglycollate in ethyl-alcoholic 
solution to decrease in value, as was actually observed, but on the other hand the dextro- 
rotation of the (—)menthyl ester of the (+)acid would fall in value, whereas it actually 
rises. We have thus no experimental evidence which suggests that asymmetric catalytic 
racemisation had actually taken place. 


EXPERIMENTAL. 


The method of resolving v-«-naphthylglycollic acid (m. p. 98-5—99-5°) as described by 
McKenzie and Dennler (loc. cit.) was modified with advantage as follows. With the propor- 
tions formerly quoted, the cinchonine dissolves readily in the hot alc. solution of the acid, and 
the separation of the salt of the (+)acid takes place very quickly thereafter, even in the hot 
solution. It is not necessary to dissolve this deposit several times in more EtOH—an incon- 
venient procedure owing to the large quantities of solvent required—but the mixture is kept 
at 0° for about 4 hr. The mixture of alkaloidal salts (needles) is then decomposed with dil. 
H,SO,, and the acid after extraction with Et,O gives the optically pure (+)acid after 2—4 
crystns. from C,Hg. 

The prepn. of the (—)acid, which had not been previously carried out by McKenzie and 
Dennler, was conducted as follows. From the filtrate from which the crude salt of the (+)acid 
had been removed, crystals gradually separated containing a preponderance of the salt of the 
(—)acid. The latter was not removed, but the EtOH was expelled, and the residue decom- 
posed by dil. H,SO,. The acid was extracted with Et,O, and crystallised 4—6 times from 
C,H, until optically pure. 

(—)a-Naphthylglycollic acid crystallises from C,H, in leaflets, m. p. 124—125°, identical 
with the m. p. for the (+)acid. The rotatory power in EtOH also agreed closely with that 
for the (-++-)enantiomorph. 

(—)Menthyl (+-)a-Naphthylglycollate.-—The (-+-)acid (5 g.) was heated on the water-bath with 
3 times its weight of (—)menthol, in the presence of HCl for 12 hr. The ethereal solution of 
the product was shaken with dil. NaHCO, aq., the Et,O expelled, and the menthol removed 
by steam distillation. The residual oil solidified on trituration with 66% EtOH, and the solid 
was crystallised from light petroleum (b. p. 40—60°). Glassy octahedra, m. p. 71—72°. Yield, 
5 g. (Found: C, 77-8; H, 8-0. C,,H,,0, requires C, 77-6; H, 8-3%). In acetone (/ = 2, 
c¢ = 3-573) : 

A 6563. 6162. 5893. 5461. 5106. 4861. 4358. 
oe + 1:16° + 1°35° + 1°53° + 1:97° +- 2°45° + 2°93° + 4°26° 
[a]? + 162° 4 189° = 214° 4 276° + 343° + 410° + «596° 

(—)Menthyl (—)a-Naphthylglycollate—Esterification as above. The oil which remained 
after removal of the menthol did not, however, solidify on treatment with EtOH, and was 
distilled under diminished press.; b. p. 220°/4 mm. Yield, 6 g. The resulting oil, which was 
optically pure, was triturated with light petroleum (b. p. 40—60°), and crystallised from the 
same solvent. Rectangular needles, m. p. 62—63° (Found: C, 77-6; H, 8-4%). In acetone 
(7 = 2, c = 3-281): 

A 6563. 6162. 5893. 5461. 5106. 4861. 
— 6°32° — 735° — 820° — 9°76° — 11°68° — 13:23° 
[a]?°° — 96°3° — 112-0° — 125-0° — 148-7° — 178-0° — 201-6° 

(—)Menthyl dl-a-Naphthylglycollate-—The r-acid was esterified as above: heating, 16 hr. 
The esterification was practically complete. The ester, which stood at room temp. for 3 weeks 
before it solidified, has m. p. 38-5—39-5°. In acetone (/ = 2, c = 4-096) a2, — 4:23°, 
(a}zro3 — 51-6°; az, — 5-03°, [a]%,, — 61-4°. The former value is in good agreement with 
the value [a], — 51-7° calc. from the figures for the diastereoisomeric esters on the basis of 
optical superposition. The rotatory power of the ester prepared by mixing equal wts. of the 
diastereoisomerides dissolved in acetone was also in close accordance. 
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Resolution of (—)Menthyl dl-a-Naphthylglycollate into its Diastereoisomerides.—To a solution 
of the ester (1 g.) in light petroleum (b. p. 40—60°) at — 14°, a nucleus of (—)menthyl 
(+)a-naphthylglycollate was added. The crystals (0-5 g.) which separated had m. p. 55—59°, 
and gave an optically inactive solution in acetone (c = 1-946) for 45893. These crystals con- 
sisted of a mixture of (—)menthyl (+)a-naphthylglycollate (85%) and (—)menthyl (—)ca- 
naphthylglycollate (15%), the original ester being levorotatory with []5.; — 51-6°. After 
one more crystn. from light petroleum, the product (0-2 g.) was now dextrorotatory and con- 
sisted of the optically pure (—)menthyl (+)a-naphthylglycollate; in acetone, [a]%%, ++ 21-2° 
(c = 0-9175). The m. p. was not depressed on admixture with the ester already described. 

Evidence of resolution was also afforded when (—)menthyl d/-«-naphthylglycollate was 
distilled under diminished press. The first fraction (b. p. 214°/3 mm.) had [a]5%. — 55-4° 
(c = 2-368), whereas the second fraction (b. p. 214—216°/3 mm.) gave a lower value, viz., 
[a]2%3 — 48-9° (c = 3-755) in acetone. 

Action of Thionyl Chloride on the (—)Menthyl a-Naphthylglycollates—(1) SOCI, (12 g.) was 
added to a solution of (—)menthyl (—)a-naphthylglycollate (1-8 g.) in 5 c.c. of Et,O. After 
heating for 2 hr. on the water-bath, the excess of SOCI], was removed in vac., and the Et,O 
solution washed with NaHCO, aq. and dried by Na,SO,. The resulting oil was dried over 
soda-lime and CaCl, until const. in wt. (1-6 g.). Vac. distillation was not adopted in this and 
subsequent expts. (Found: Cl, 9-6. Calc., 9-9%). Im acetone (/ = 2, ¢ = 1-0335) : ef. 
— 2-01°, [c]2, — 972°; a2tj, — 249°, [o]25, — 120-5°. 

(2) (—)Menthyl (+)a-naphthylglycollate (2 g.) was treated similarly. Yield of chloro- 
esters, 2 g. (Found: Cl, 9-7. Calc., 99%). In acetone (/ = 2, c = 5-292): ay — 2-11°, 
[x] eon — 19-9°; adr” — 2-44°, [a] Ma — 23-1°. 

(3) (—)Menthyl di-a-naphthylglycollate (2-5 g.) was treated similarly. Yield of chloro- 
esters, 2:2 g. (Found: Cl, 10-0. Calc., 9-9%). In acetone (/ = 2, ¢c = 1-807): aS — 2-25°, 
[x] 25 — 62-3°; aBS° — 2-73°, [a]RX — 75-5°. 

Action of Phosphorus Pentachloride on the (—)Menthyl a-Naphthylglycoliates.—(1) PCl; (6 g.) 
was gradually added to a solution of (—)menthyl (—)a«-naphthylglycollate (2-7 g.) in CHCl, 
(15 c.c.). Heating, 6 hr. The CHCl, solution was washed with H,O, then with NaHCO, aq., 
and dried with Na,SO,. The product (2-2 g.) after expulsion of the CHCl, was an oil, which 
was dried in vac. until const. (Found: Cl, 10-1. Calc., 9-9%). In acetone (/ = 2, c = 3-626) : 
ox20'6° — 4-78°, [a]}2q3 — 65-9°; act — 5-68°, [a] — 78-3°. 

(2) (—)Menthy]l (+)naphthylglycollate (2-2 g.) on similar treatment gave 1-8 g. of chloro- 
esters (Found: Cl, 9-7. Calc., 99%). In acetone (J = 2, c = 2-513): aX — 3-36°, 
[ox}20-8" — 66-9°; a2’ — 3-98°, [a]zS — 79-2°. 

(3) (—)Menthyl d/-«-naphthylglycollate (2-5 g.) on similar treatment gave 2 g. of chloro- 
esters (Found: Cl, 10-1. Calc., 99%). In acetone (/ = 2, c = 2-447): a2 — 3-17°, [a]2e 
— 64-8°; as — 3-78°, [a]¥3 — 77-2°. 

r-a-Naphthylchloroacetic Acid.—SOCI, (100 g.) was added gradually to a-naphthylglycollic 
acid (30 g.); heating, 4} hr. Excess of SOC], was removed by warming in vac., and the acid 
chloride was kept in contact with excess of H,O for 4 hr. The chloro-acid, obtained by 
extraction with Et,O as an oil, was dissolved in light petroleum (b. p. 80—100°), from which 
13 g. of acid, m. p. 126—129°, crystallised. This was refluxed with light petroleum insufficient 
to dissolve the whole (undissolved oil A). The crystals which separated were recrystallised. 

r-a-Naphthylchloroacetic acid, CyyH,*CHCl-CO,H, forms rosettes of needles, m. p. 131-5— 
132-5° (Found: C, 65-2; H, 4:1; Cl, 16-0. C,,H,O,Cl requires C, 65-3; H, 4:1; Cl, 16-1%). 

The acid is dimorphous. A was dissolved in light petroleum, but the needles which now 
separated had m. p. 111—112°; on cooling the m. p. tube and again heating, the m. p. had 
now risen to 131-5—132-5° (Found: Cl, 16-0. Calc., 16-1%). In subsequent prepns. the 
higher-melting form was generally got. 

(—)Menthyl dl-a-Naphthylchloroacetate.-—This ester was prepared by esterifying the r-acid 
(10 g.) with (—)menthol (30 g.) in the presence of HCl by heating at 100° for 13 hr.; no 
unesterified acid was then recovered. The ester (13 g.) was obtained as an oil and attempts 
to crystallise it failed (Found: Cl, 9-6. C,,H,,O,Cl requires Cl, 9-9%). In acetone (/ = 2, 
c = 2-594): aS — 3-27°, [aS — 63-0°; aXs — 3-89°, [a]¥ — 75-0°. After distillation 
at 228—230°/4 mm. these values remained const. 

Fractional Esterification of r-«-Naphthylglycollic Acid by (—)Menthol.—The r-acid (5 g.) 
was esterified at 155° by (—)menthol for 1} hr. (cf. Marckwald and McKenzie, Ber., 1899, 32, 


21°5° 


2130). The unesterified acid (2-9 g.) was dextrorotatory in EtOH (/ = 2, c = 2-532), adie 
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+ 0-31°, [aj + 6-1°. The mixture of esters gave, after hydrolysis with alc. KOH and 
removal of the menthol, an acid which was practically inactive: in EtOH (/ = 2, c = 1-2173), 
Oseg3 — 0°05°. 

Fractional Esterification of r-a-Naphthylglycollic Acid by (+)Menthol.—The acid was 
esterified as above with (-+)menthol, for a specimen of which we are indebted to Professor 
John Read. The unesterified acid (3 g.) was Jevorotatory in EtOH (/ = 2, c = 2-811), afk, 
— 0-26°, [a]2}, — 46°. The ester mixture from which the menthol had been separated by 
steam distillation gave in acetone (/ = 2, c = 2-44), a2, + 2-87°, [x]2, + 58-8°. This value 
shows that the mixture contained a preponderance of (+)menthyl (+)a-naphthylglycollate, 
since the value for (—)menthyl d/-«-naphthylglycollate in the same solvent is [a], — 51-6°. 

Saponification of (—)Menthyl (+-)a-Naphthylglycollate——(1) With excess of alcoholic potash. 
A solution of the ester (1-3 g.) in EtOH (32 c.c.) to which 5-2 c.c. of alc. KOH (0-91N) had 
been added (calc., 4-2 c.c.) was heated for 2 hr. on the water-bath. The acid (0-5 g.) recovered 
gave in EtOH (il = 2, ¢ = 1-743), Gag, + 3°70°, [a] 5093 + 106°, whereas the pure (+)acid has 
[%]ss93 + 193°. The racemisation was more pronounced when (—)menthyl (+)mandelate was 
saponified under comparable conditions to the preceding, since the recovered mandelic acid 
had only [a];5. + 29° in aq. solution (J., 1904, 85, 1249), the pure (+)mandelic acid having 
[a]su93 + 158°. 

(2) With insufficient alcoholic potash. A solution of the ester (3 g.) in EtOH (30 c.c.) to 
which 5 c.c. of alc. KOH (0-8886N) had been added (calc., 9-9 c.c.) was heated for 2 hr. The 
acid (1 g.) obtained after removal of the unsaponified esters and menthol gave in EtOH (/ = 2, 
C = 1-813), cag, + 526°, [oe] g93 + 145°. 

Action of a Trace of Alcoholic Potassium Hydroxide on (—)Menthyl (—)a-Naphthylglycollate.— 
The solution of the ester in EtOH (/ = 2, c = 2-6585) gave a2” — 7-89°, [a] — 148-4°; 
ats — 9-45°, [«]%4° — 177-7°. The addition of 5 drops of alc. KOH (0-88N) caused the 
rotation to fall, after 3} hr. to a%4° — 9-37°, after 23} hr. to — 8-99°, after 99 hr. to 8-85°. 
After 7 days, the value was — 8-84°, and the solution was still alkaline. On evaporation, an 
oil was left with an odour of menthol. 

Action of a Trace of Alcoholic Potassium Hydroxide on (—)Menthyl (+-)a-Naphthylglycollate.— 
The solution of the ester in EtOH (/ = 2, c = 4-159) gave a2%, + 2-93°, [a]2, + 35-2°; (J = 2, 
c = 3-629) a, + 3-04°, [a]%, + 41-9°. Six drops of alc. KOH (0-88N) were added to the 
latter solution, and a rise of rotation was detected: after 45 min. «33, was + 3-10°, after 
4} hr. + 3-34°, after 28 hr. + 3-47°. After 7 days, the value was + 3-46°, and the solution 
was still alkaline. On evaporation, an oil with an odour of menthol was left. 
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13. Symmetrical Triad Prototropic Systems. Part IX. The Influence 
of Polynuclear Aryl Groups upon Mobility and Equilibrium in the 
ay-Diarylmethyleneazomethine System. 


By CHARLES W. SHOPPEE. 


OwIncG to the capacity of aryl groups to confer on an attached carbon atom increased 
toleration for an ionic charge of either sign (+ T effect), such groups are capable of activating 
both prototropic systems (I) (Shoppee, J., 1928, 2567; Ingold and Shoppee, J., 1929, 447) 
and anionotropic systems (II) (Burton and Ingold, J., 1928, 904; Proc. Leeds Phil. Soc., 
1929, 1, 421; Burton, J., 1928, 1650). The stabilisation of the electron septet in the 
formation of free radicals is referred to the same cause, and the further deduction is made 


Yr\oe (‘Xe 
(I.) Ar—CH-CH:CHAr’ Ar—CH-CH:CHAr’ (II.) 


(Burton and Ingold) that polynuclear aryl groups should act more powerfully than phenyl 
in promoting dissociation into free radicals in the order: 9-phenanthryl>«-anthryl> «- 
naphthyl> $-naphthyl>-diphenylyl>m-diphenylyl> phenyl. This serial order has been 
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confirmed in the four cases for which evidence is available, namely: «-naphthyl>§- 
naphthyl>#-diphenylyl> phenyl. Since the foregoing theoretical sequence is to be inter- 
preted as representing capacity for duplex polar adjustment (+ 7), it might also prove 
to correspond to the order in which the groups concerned exhibit the effects designated 
+ T and —T separately. This possibility, although not logically compulsory, is attractively 
simple and if true would mean that the order illustrated is that in which the groups 
facilitate first aromatic side-chain reactions requiring electron accession (Type A) and 
secondly those dependent on electron recession (Type B). Moreover, the same order 
would hold in relation to the conferment of anionotropic mobility, and yet again for the 
conferment of prototropic mobility. 

As regards side-chain reactivity Ingold and Patel (J. Indian Chem. Soc., 1930, 95) have 
found that the velocity coefficients for acid hydrolysis of aryl methyl bromides (Type A), 
and for reduction of these compounds (Type B), conform to a sequence identical with that 
given above : «-naphthyl>$-naphthyl> p-diphenylyl>m-diphenylyl> phenyl. Moreover, 
Burton has shown recently (J., 1931, 760) that for the facilitation of anionotropy in the 
simple three-carbon system 

Ar-CH(OH)-CH:CH, == Ar-CH:CH-CH,°OH 
the mobility sequence is «-naphthyl> -naphthyl> phenyl. 

The present paper completes the comparison instituted above and describes the effect 
of some polynuclear aryl groups on mobility (and equilibrium) in the methyleneazomethine 
prototropic system (III == IV). 2 

(I1I.) Ar-CH:N-CH,Ph = Ar-CH,°N:CHPh (IV.) 
(Ar = 9-phenanthryl, a-naphthyl, B-naphthyl, p-diphenylyl, and m-diphenylyl.) 

Mobility.—The effect of the introduction of the variants Ar on the velocity of inter- 
conversion of the isomerides (III, IV) under standard conditions of temperature and 
catalysis is as follows : 

BR ipeceagusssinsscssecsssevcnnes 9-Phenanthryl. a-C,,H,. B-C,9H;. p-C,H,Ph. m-C,H,Ph. 
Bes a, BC ennctisnsnsvecs 2°27 3°49 3°04 2-93 2°33 

With the exception of 9-phenanthryl (see below), the mobility sequence, which necessarily 
omits the phenyl group, is identical with that given by Ingold and Burton. 

The low degree of mobility conferred by the 9-phenanthryl group is unexpected ; 
although, owing to the largely one-sided nature of the equilibrium attained, only the 
velocity constants given by isomeride (III) could accurately be determined, there is no 
doubt that the true value is considerably less instead of being greater than that of the 
a-naphthyl group. This result indicates the operation of some de-activating influence, 
whose character may be polar or steric or both. Nothing is known with regard to the 
effect on mobility of steric influence (the term is used with full recognition of the fact that 
its origin must fundamentally be polar), but it may be presumed to cause considerable 
disturbance in cases of o-substitution (cf. phenanthryl, «-naphthyl), and further work on 
this field is projected. The expectation of polar disturbances arises from the circumstance 
that the tentative application of a + 7-relation to reactions involving only electron accession 
or only electron recession is most likely to be true in the absence of an inductive effect and 
certain to be untrue as a generality in its presence. But the case of toluene shows that the 
lateral linking of an aromatic compound with a side chain must in general be the seat of a 
dipole moment, and must therefore constitute part of the path of an inductive effect. The 
degree of consistency demonstrated in this work and that already referred to can probably 
be interpreted as indicating that the inductive effect referred to is small in most cases; 
but there is no independent indication that this holds for phenanthrene derivatives, and it 
may be significant that the phenanthrene skeleton is the only structure here studied which 
is devoid of an axis of symmetry perpendicular to the lateral linking. 

Equilibrium.—tThe equilibria attained by the system (III == IV), under the influence of 
either 0-145N- or 1-45N-alcoholic sodium ethoxide at 82° or 85° respectively, by introduction 
of the variants Ar are as follows : 
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Ar Cee eeeeeesessseeeeeesecesseees 9-Phenanthryl. a-C,,H,. B-C,)H,. p-C,H,Ph. m-C,H,Ph. 
EE. Stbntneaveseeteieuiniaaiodpees 4°41 2-70 0°695 0°639 0°785 
Isomeride (III), %  «..--. 18:5 27-0 59-0 61-0 56-0 


In preceding investigations on the effect of substitution on equilibrium, such sub- 
‘stituents (m or p) were introduced at a relatively large distance from the seat of reaction ; 
the various cases studied were therefore largely independent of steric influences, and 
suitable for direct comparison. Since we are now dealing with bulky groups, equivalent in 
two cases to the presence of an o-substituent, the numerical values tabulated above 
must reflect, to some degree at present unknown, the operation of steric influences. Never- 
theless, the results place the groups, with the exception of m-diphenylyl, in the order 
theoretically deduced for radical stability. 

A new synthesis of phenanthrene-9-carboxylic acid, which is convenient for the pro- 
duction of small quantities (25—50 g.), and the preparation of phenanthrene-9-aldehyde 
are described. 

Stephen’s method for the preparation of aldehydes (J., 1925, 127, 1874) fails with 
4-cyanodiphenyl, more than 90% of which can be recovered. The alternative method of 
Sonn and Miiller (Ber., 1919, 52, 1927), which involves reduction of the imino-chloride 
obtained by the action of phosphorus pentachloride on the anilide of diphenyl-4-carboxylic 
acid, affords some diphenyl-4-aldehyde, but the bulk of the material is unaffected. Both 
methods succeed with the more soluble compounds of the m-series; 3-cyanodiphenyl and 
the anilide of diphenyl-3-carboxylic acid each yield 40—50% of diphenyl-3-aldehyde, which 
furnishes the usual crystalline derivatives. 

Attempts to prepare diphenyl-3-sulphonic acid, from which the difficultly obtainable 
3-cyanodiphenyl might be producible, failed; sulphonation of 4-aminodiphenyl under 
various conditions gave, not the 3-sulphonic acid, but 4-aminodiphenyl-4’-sulphonic acid 
(Carnelley and Schleselman, J., 1886, 49, 380); the latter on deamination has now been 
shown to give diphenyl-4-sulphonic acid, which establishes its constitution. 


EXPERIMENTAL. 


The azomethines were prepared by methods already described (J., 1931, 1225; 1932, 703) : 
if solid, they were recrystallised to const. m. p.; if liquid, repeatedly fractionated in a high 
vac. The azomethines described below are stable substances; 6-naphthylidene- and 4-phenyl- 
benzylidene-benzylamine, however, are photo-sensitive. 

Interconversion of Tautomerides—The standard conditions were: catalyst, 0-145N-alc. 
NaOEt; temp., 82°. The product was isolated as described (/oc. cit.), and the progress of inter- 
conversion followed by thermal analysis of mixtures of p-nitrophenylhydrazones. The hydr- 
azones obtained by fission of the isomerides (III) were used without further purification for the 
construction of temp.—composition diagrams. All such diagrams were of the two-branch type, 
and the products of the interconversion expts. strictly binary in character; all m. p.’s were 
determined under identical conditions in the same apparatus. 

The following table gives the m. p.’s, yields obtained by fission of the azomethines with 
p-nitrophenylhydrazine acetate, and analytical data for the following aldehyde-p-nitrophenyl- 
hydrazones : 


Found. Calc. 
M. p- M. p. Yield, —V—V—ve— —  ——_ 
(purif.). (crude). %. Cc; %. H, %. C, %- H, %- 
Phenanthrene-9- ......... 265° 265° 101 73°9 4°45 73°9 4°4 
a-Naphthyl-............ 234°5 234 101 _— -— se -- 
B-Naphthyl- .........! Boies 230 230 103 69°9 4°5 70°1 4°5 
Diphenyl-4- .......sccceeee 216°5 216 102 72°0 4°8 71°9 48 
Diphenyl-3- ........0..0006 188 187°5 101°5 71°6 4°6 71°9 4°8 


9-Phenanthryl Compounds. 


Phenanthrene-9-carboxylic Acid.—9-Bromophenanthrene (b. p. 225°/15 mm., m. p. 63°; 
Austin, J., 1908, 98, 1763) (77 g.) was dissolved in dry Et,O (370 g.) and anisole (150 g.) and 
treated with Mg (7-2 g.), and the solution of 9-phenanthrylmagnesium bromide filtered into a 
flask containing dry CO, and stirred mechanically. After 4—5 hr., the CO, latterly being 
bubbled through the liquid, ice-water was added, followed by 2N-H,SQ,, the mixture stirred 
for lhr., and the emulsion filtered. The ppt. was washed witha little Et,O, dissolved in NH, aq. 
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and filtered into an excessof HClaq. The phenanthrene-9-carboxylic acid obtained (25 g.) had 
m. p. 250—251° after one crystn. from EtOH (Found: C, 81-1; H, 4-6. Calc.: C, 81-1; 
H, 4-55%); 8g. of crude acid were extracted from the ether—anisole liquor by NaOH aq. 

9-Phenanthroyl chloride, prepared from the acid and SOCI, on the steam-bath, had b. p. 
240°/13 mm. and separated from C,H, in pale yellow needles, m. p. 102° (Found: C, 75-3; 
H, 3-9. C,,;H,OCI requires C, 74-9; H, 3-8%). It was converted by boiling EtOH into the 
ethyl ester, m. p. 61°; by MeOH into methyl phenanthrene-9-carboxylate, long needles, m. p. 
115°, from MeOH (Found : C, 81-2; H, 5-1. C,gH,,O, requires C, 81-4; H, 5-1%); by NH, 
in dry Et,O into the amide, m. p. 226°; and by aniline (2 mols.) in warm CHCl, into the anilide, 
m. p. 218° after crystn. from much EtOH or from acetone-ligroin (b. p. 60—80°) (Found : 
C, 84-9; H, 5-1. C,,H,,ON requires C, 84-85; H, 5-1%). 

Phenanthrene-9-aldehyde.—The anilide (10 g.) was treated with PCI, (7 g.) in C,H,Cl, at 
140—150°, the POC], removed under reduced press., and the iminochloride dissolved in C,H,Cl, 
and slowly added to SnCl, (28 g.) in ethereal HCl (250 c.c.) at 0°. After some hr. the orange 
aldimine stannichloride was washed with Et,O and hydrolysed with hot 2N-HCl. Phen- 
anthrene-9-aldehyde (6 g.) separated from ligroin (b. p. 60—80°) in rosettes of pale 
yellow prisms, m. p. 101° (Found: C, 87-6; H, 4:85. C,;H,,O requires C, 87-4; H, 49%). 
The semicarbazone had m. p. 222—-222-5° after crystn. from MeOH or EtOH (Found : C, 72-5; 
H, 5-0. C,gH,,ON, requires C, 73-0; H, 5-0%). The aldehyde is converted by MeOH and a 
trace of HCl into an oily acetal (or semiacetal), which readily regenerates the aldehyde when 
boiled with an excess of 2N-HCI. 

Oxidation of the aldehyde with 3% KMn0O, aq. and Na,CO, aq. gave phenanthrene-9-carb- 
oxylic acid, m. p. 250° after two crystns. from EtOH. 

9-Phenanthrylidenebenzylamine (as III) separated from Et,O-ligroin (b. p. 40—60°) in 
almost colourless, well-formed prisms, m. p. 72—72-5° (Found: C, 89-3; H, 5-8. C,.H,,N 
requires C, 89-5; H, 5-8%). The phenanthrene-9-aldehyde used was obtained from the pure 
semicarbazone and 2N-H,SQ,. 

Phenanthrene-9-aldoxime, prepared in good yield by Bamberger and Scheutz’s method 
(Ber., 1901, 34, 2024), separated from dil. EtOH in colourless iridescent plates, m. p. 155° 
(Found: C, 81-5; H, 5-2. C,;H,,ON requires C, 81-4; H, 5-0). With ethereal HCl, it gave 
a yellow hydrochloride, m. p. 126—127°. Dehydration of the oxime with boiling Ac,O produced 
9-cyanophenanthrene, needles from EtOH; m. p. 109° (Werner and Kinz, A nnalen, 1902, 321, 
327, give m. p. 103°) (Found: C, 88-3; H, 4-5; N, 6-9. Calc.: C, 88-6; H, 4-5; N, 6-9%) : 
this was hydrolysed by 50% H,SO, and AcOH to phenanthrene-9-carboxylic acid, m. p. 250°. 

9-Phenanthrylmethylamine.—Reduction of the oxime with 3% Na-—Hg and AcOH yielded 
the base as a colourless solid, m. p. 107° after crystn. from Et,O-ligroin (b. p. 40—60°) (Found : 
C, 86-8; H, 6-5. C,,H,,N requires C, 87-0; H, 6-3%) : picrate, needles from EtOH containing 
a little acetone, m. p. 241° (decomp.) (Found: C, 57-7; H, 3-7. C,,H,,0,N, requires C, 57-8; 
H, 3:7%); benzoate, needles from CHCl,-ligroin (b. p. 60—80°), m. p. 167° (Found: C, 80-3; 
H, 5-8. Cy.H,,O,N requires C, 80-2; H, 58%); acetyl derivative, m. p. 182-5° after crystn. 
from Ac,O and from EtOH (Found: C, 81-7; H, 6-4. C,,H,;ON requires C, 81-9; H, 6-1%). 

Benzylidene-9-phenanthrylmethylamine (as [V).—The azomethine separated from C,H,—ligroin 
in radiating aggregates of colourless needles, m. p. 103-5° (Found: C, 89-7; H, 5-8. C,.H,,N 
requires C, 89-5; H, 5-8%). 

Mixtures of phenanthrene-9-aldehyde- and benzaldehyde-p-nitrophenylhydrazones melted 
as follows (A denotes the latter) : 


A” OCGA. ok 0 20-0 
TU cctstbicaiitiaccvinaaes 265° 250° 234° 


Interconversion. (a) With N-NaOEt at 84°: 
Isomeride (III) used. 





42-1 62-1 79°0 90-0 100 
213°5° 190° 186° 190° 


Isomeride (IV) used. 








Time, Isomeride Time, Isomeride 
hr. Yield, %. M. p. (IV), %- hr. Yield, %. M. p. (IV), %. 
1 98 185°* 81°5 1 100 185°t 81°5 
1 98 185°5 81°5 


* To 10°1 mg. of this equilibrium specimen, 1-0 mg. of phenanthrene-9-aldehyde-p-nitrophenyl- 
hydrazone was added; the mixture had m. p. 200° (calc., 199°). 

t 10°3 Mg. of this equilibrium specimen and 1-4 mg. of phenanthrene-9-aldehyde-p-nitrophenyl- 
hydrazone gave a mixture, m. p. 201°5° (calc., 202°). 
Equilibrium : IV (81°5%) = III (185%) 
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Part IX. 41 


Shoppee: Symmetrical Triad Prototropic Systems. 


The proximity of the eutectic (at 82'5% of isomeride IV) to the equilibrium point affects 


adversely the sharpness of the m. p.’s. 
(b) With 0-145N-NaOEt at 82° : 


Isomeride (III) used. 


Isomeride (IV) used. 











al =o 


Isomer- 


Isomer- 
ide (IV), k, + ko, 
, * hr.-!, 


ide (IV), ky + ho, Yield, 
. * hr.-*. %- 
100 
26 101 
30 15 100 
33 10 100 
10 5 99 
28 
18 
36 
39 


Time, 
min. 
120 

40 


Time, Yield, 
min. %. 
0 101, 102 
5 101 
10 98 
15 101 
20 102 
25 98 
30 98 
35 99 
40 99 210 65 i 
120 98 185 81°5 * This is very close to the eutectic. 
Equilibrium: IV (81°5%) = III (18°5%); &, + &, (mean of values derived from isomeride IIT) 
= 2-27 hr; k,/k, = 4°41; ky = 1°85; hy = 0°42.- 
Owing to the one-sided nature of the equilibrium and to the form of the temp.—composition 
diagram, reliable vel. consts. are obtained only from isomeride (III). 
B-Naphithyl Compounds. 
8-Naphthanilide was converted by PCI, into the imino-chloride, which was reduced with 
SnCl, in ethereal HCl to yield B-naphthaldehyde, m. p. 59°. 
B-Naphthylidenebenzylamine (as III) separated from EtOH in colourless plates, m. p. 83-5° 
(Found : C, 88-0; H, 6-05. C,,H,,N requires C, 88-1; H, 6-2%). 
B-Naphthylmethylamine.—w-Bromo-f-methylnaphthalene, m. p. 56°, b. p. 180—182°/20mm., 
obtained by bromination of B-methylnaphthalene at 200°, condensed with potassium phthal- 
imide (1 mol.) at 180° to give phthalo-B-naphthylmethylimide, m. p. 150—151°, needles from 
acetone-EtOH (Found: C, 79-7; H, 4-6. C,,H,,0,N requires C, 79-4; H, 4-6%). Fission of 
the phthalimide with N,H, produced 8-naphthylmethylamine, m. p. 59—60°, b. p. 180°/24 mm. : 
picrate, needles from EtOH, m. p. 230—231° (decomp.) (Found : C, 52-5; H, 3-8. Cy,H,,O,N, 
requires C, 52-8; H, 3-5%); benzoate, m. p. 163° after crystn. from CHCl,—ligroin (Found : 
C, 76-8; H, 6-1. C,,H,,O,N requires C, 77-4; H, 6-2%). 
Benzylidene-B-naphthylmethylamine (as IV) separated from EtOH in colourless plates, m. p. 
85-5° (Found : C, 88-0; H, 6-4%). 
Mixtures of B-naphthaldehyde-p-nitrophenylhydrazone and benzaldehyde-p-nitrophenyl- 
hydrazone melted as follows (A denotes the latter) : 
; 0 17°9 24°3 31-1 33°4 43-0 
he : haiwidiniernie 230° 222° 219° 215° 213°5° 205° 
Interconversion. (a) With 1-45N-NaOEt at 85° : 


Isomeride Time at 85° with 
used. NaOEt, hr. 


III 1 
IV 1 


Equilibrium: IV (41:0%) = III (59°0%). 
(b) With 0-145N-NaOEt at 82° : 
Isomeride (III) used. 


M. p. 
185° 
182—183-5* 
184 
185°5 

187 
190 


M. p. 

65° 0 
14 , 
26 : 
36 ’ 


2 
2 
2 
2- 
2- 
2: 
2- 
2 


81°5 
83 
85 
85°5 
92°5 
100 


254—254°5 
245 
237°5 
233°5 
224°5 
221 

214—214°5 


41 
50 
54 
61 


0 100 


100 
190° 


80°5 
177°5° 


63°0 
182° 


54°0 
193° 


58°5 


188° 


Isomeride 
(IV), %. 
41 
41 


Yield, %. 
97°5 
97 


M. p. 
206°5° 
207 


Isomeride (IV) used. 








Ey, 


Time at 82° 


with NaOEt, 


min. 

0 

5 

7°5 
10 
12°5 
15 
20 
30 
60 
90 


Equilibrium: IV (41:0%) = III (59-0%); 


1:26; k, = 1°82 


Yield, 
o/ 


70° 
103 
100°5 
100 
100 
98 
101 
101 
100 
98 
97 


M. p. 
230° 
227 
225 
223 
221°5 
220 
218 
214 
208°5 
207 


Isomer- 


ide (IV), k, 
o/ h 


/o* 
0 
75 

12 

16 

18°5 

22 

26 

32°3 

39 

41 


Time at 82° 


+ Re, 
es, 


(2°42) 
2°76 
2-96 
2-88 
3-08 
3-01 
3-09 
3-01 


with NaOEt, 


Yield, 


101 


100 
100 


Isomer- 


M. p. 
207° 
205 
198 
185 
181 
172°5 
178 
180°7 
181°5 
190 


ide (IV), k, + ke, 
hr.-}, 


0/ 
ig 


41 
43 
50 
61 
64 
73°5 
81°3 
85°5 
86°5 
100 


3°48 
(3°76) 
3°24 
3°22 
3°22 
3°04 
3-07 
311 


k, +k, (mean) = 3°08 hr; hk,/k, = 0°695; ky = 
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a-Naphthyl Compounds. 


a-Naphthaldehyde, prepared in the same way as the 8-compound and purified through the 
bisulphite compound, had b. p. 156°/15 mm., 150°/9 mm. 

6-Naphthylidenebenzylamine (as III) was obtained as a pale yellow oil, b. p. 208°/0-4 mm. 
(Found : C, 87-8; H, 6-0. C,,H,,N requires C, 88-2; H, 6-2%). 

Phthalo-8-naphthylmethylimide, m. p. 175—176° after crystn. from acetone—-EtOH (Found: 
C, 79-0; H, 4-6. C,,H,,;0,N requires C, 79-4; H, 4-6%), on fission with N,H, gave 6-naphthyl- 
methylamine, b. p. 174—175°/19 mm.: picrate, needles, m. p. 227° (decomp.), from EtOH 
(Found: C, 52-9; H, 3-7. C,,H,,0O,N, requires C, 52-8; H, 3:5%); benzoate, rectangular 
plates, m. p. 142-5—143°, from CHCl,-ligroin (b. p. 60—80°) (Found: C, 77-0; H, 6-15. 
C,,3H,,0,N requires C, 77-4; H, 6-15%). 

Benzylidene-a-naphthylmethylamine (as IV) separated from EtOH in pearly plates, m. p. 
55-5° (Found : C, 88-2; H, 6-2%). 

Mixtures of a-naphthaldehyde- and benzaldehyde-p-nitrophenylhydrazone melted as 











































follows (A denotes the latter) : 
Bi Fe [tksanevsvesanvisndens 0 20°1 33°7 43°8 56°4 69°9 72°3 76°2 85:0 100 
Bee. Wesnsasstarnescisiies 234° 224° 217° 210° 200° 185° 181° 178° 183° 190° 
Interconversion. (a) With 1-45N-NaOEt at 85° : 
Isomeride Time at 85° with Isomeride 
used. NaOEt, hr. Yield, %. M. p. (IV), %. 
III 1 100 178°5° 73 
IV 1 99 176 74 





Equilibrium : IV (73-0%) = III (27:0%). 


The eutectic mixture contains 74% of isomeride (IV), and the coincidence of this with the 
equilibrium mixture renders difficult the determination of the m. p.’s of equilibrium specimens. 

(b) With 0-145N-NaOEt at 82°. The isomeride (III) yielded somewhat variable constants 
as compared with (IV); since (III) ‘is a liquid and therefore of uncertain purity, the constants 
given by (IV) are preferred. 


Time at 82° ky +h,, hr“. 
Isomeride with NaOEt, Isomeride Calc. from Calc. by 
used. min. Yield, %. M. p. (IV), %. zero time. time diff. 
0 101, 102°5 234° 0 — — 
2°5 101 230 Ss 2°84 2°84 
5 97°5 226°5 15 2°76 3°10 
75 96 225 18 2°27 (1°27) 
Ill 10 96 223 22 2°15 (1°81) 
12°5 98 219-2 29 2°43 3°70 
15 100 216 35 2°60 3°35 
35 99 200 56°5 2°55 2°16 
90 101 178°5 73 — — 
, 90 99 176 74* — 
35 100 178 76 (3°76) 
15 100 183 84°5 3°41 
12°5 99 183°5 86 3°51 
IV 10 100 184°5 88 3°52 
7°5 100 185°5 90°5 3°47 
5 100 187 93°5 3°31 
2°5 101, (103) 188, (188) 96°3 3°43 
\ 0 100 190 100 — 








* This is also the eutectic mixture. 


Equilibrium: IV (73°0%) = III (27°0%); &, + &, (mean of values derived from isomeride IV) 
= 3°44 hr.-!; &,/kg = 2°70; ky = 2°51; ky = 0°93. 


p-Diphenyl Compounds. , 


4-Aminodiphenyl] (as hydrochloride) was smoothly converted (contrast Ferriss and Turner, 
J., 1920, 117, 1148; Gulland Turner, J., 1929, 498) by the Sandmeyer reaction into 4-cyanodi- 
phenyl (yield, 45%), which was removed by steam at 110—120°, extracted and dried in Et,O, 
and obtained as a water-clear liquid, b. p. 190—193°/20 mm., m. p. 86°. 

Diphenyl-4-carboxyanilide, prepared from the acid chloride (b. p. 185—186°/12 mm., m. p. 
107—108° after crystn. from C,H,-ligroin. Found: C, 72-8; H, 4-4. C,,;H,OCI requires 
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C, 72-0; H, 4:2%) and hot aniline (2 mols.), formed colourless needles, m. p. 220°, from EtOH 
(Found : C, 84-0; H, 5-5. Cj, gH,,ON requires C, 83-5; H, 5-5%). 

Diphenyl-4-aldehyde was readily obtained by Hey’s modification (J., 1931, 2476) of the 
Gattermann—Koch synthesis; m. p. 60° after crystn. from ligroin (b. p. 80—100°). The semi- 
carbazone separated from EtOH in plates, m. p. 243° (decomp.) (Found: C, 70:3; H, 5-6. 
C,4H,,ON; requires C, 70-3; H, 5-5%). 

4-Phenylbenzylidenebenzylamine (as III) separated in felted needles from Et,O-ligroin, 
CCl,-ligroin, or MeOH; it melted at 52°, resolidified at 52—53°, and melted again at 60° 
(Found : C, 88-8; H, 6-3. C,,H,,N requires C, 88-6; H, 6-3%). 

Diphenyl-4-aldoxime was obtained quantitatively from alc. solutions of the aldehyde and 
NH,°OH (Na,CO,); m. p. 150° (cf. Gattermann, Annalen, 1906, 347, 381). Dehydration with 
hot Ac,O gave 4-cyanodiphenyl, m. p. 86°. 

4-Phenylbenzylamine was readily obtained by reduction of the aldoxime with 3% Na—Hg and 
AcOH as a water-clear liquid, b. p. 195°/20 mm., solidifying to crystals, m. p. 53—54° (Found : 
C, 84-9; H, 7-2. C,,;H,,N requires C, 85-2; H, 7-2%): picrate, leaflets, m. p. 218° (decomp.), 
from MeOH (Found: C, 55:3; H, 4:0. C,,H,,;O,N, requires C, 55-3; H, 3-9%); benzoate, 
felted needles, m. p. 151°, from CHCl, (Found : C, 78-5; H, 6-0. C,,H,,0,N requires C, 78-7; 
H, 6:3%); acetyl derivative, plates, m. p. 182°, from Ac,O or MeOH (Found: C, 79-7; H, 6-7. 
C,;H,;ON requires C, 80-0; H, 6-7%). 

Benzylidene-4-phenylbenzylamine (as IV) crystallised from MeOH in pearly plates, m. p. 76° 
(Found : C, 88-75; H, 6-3%). 

Mixtures of 4-phenylbenzaldehyde- and benzaldehyde-p-nitrophenylhydrazones melted as 
follows (A denotes the latter) : 


Bi Me. onssscrescsssssvcrses 0 14°8 25°5 30°9 39°0 47°0 65°7 75°5 82:7 100 
PEs Pe cacrcsccccccvesscoess 216° 203° 193°5° 188° 180° 172° 168°5° 176° 181° 190° 
Interconversion. (a) With 1-45N-NaOEt at 85° : 
Isomeride Time at 85° with Isomeride 
used. NaOEt, hr. Yield, %. M. p. (IV), %. 
III 1 95°3 180° 39 
IV 1 96 180 39 


Equilibrium : IV (39-0%) <> III (61-0%). 
(b) With 0-145N-NaOEt at 82° : 











Isomeride (III) used. Isomeride (IV) used. 
Time at 82° Isomer- Time at 82° Isomer- 
with NaOEt, Yield, ide (IV), k,; +k,, withNaOEt, Yield, ide (IV), k, + ky, 
min. %, M. p. “. hr.-!, min. %. M. p. » hr.-}, 
0 102 216° 0 — 90 96 180° 39 — 
5 100 208°5 8°5 2°94 30 99 167 52 3°09 
10 100 203 14°8 2°86 25 98 162°5 55°5 2°86 
15 98 198°5 20 2°87 20 —_ 164 61°5 2°99 
20 99 194°5 24 2°86 15 100 170°3 68 2°97 
25 97 191 27°7 2°96 10 100 176°3 76 2°99 
30 94°5 189-2 29°7 2°86 5 101°5 181°5 83°5 (3°78) 
90 95 180 39 — 0 100 190 100 — 


Equilibrium : IV (39°0%) — III (61°0%); ky + &, (mean) = 2°93 hr.; k,/k, = 0°639; ky = 1°14; 
k, = 1°79. 


4-A minodiphenyl-4’-sulphonic Acid.—4-Aminodiphenyl (17 g.) was heated with H,SO, (30 g.) 
at 170° for 4 hr., the melt poured into ice-water, and the 4-aminodiphenyl-4’-sulphonic acid 
(this is the sole product of sulphonation at 130—180°) purified as for sulphanilic acid (Thorpe 
and Whiteley, “‘ Organic Chemical Analysis,”’ p. 207); yield, 14-5 g. The acid separated from 
H,O in iridescent plates, m. p. 270° (eventual decomp.) (Found: C, 58-0; H, 45; N, 5-4; 
S, 12-8. Calc.: C, 57-8; H, 4-5; N, 5-6; S, 12-8%). 

Orientation.—The Na salt (5-5 g.), suspended in NaNO, aq. (1°45 g. in 10 c.c. H,O), was 
slowly treated at 5° with 50% H,SO, (40 c.c.) ; after 2 hr., the colourless diazonium complex was 
filtered off and washed with EtOH and Et,O; it carbonised suddenly at 161°. The substance 
and an equal wt. of Zn dust were warmed in dry EtOH (N and acetaldehyde were evolved), and 
finally the solution was refluxed for 2 hr., filtered, and evaporated in vac. The residue was 
boiled with 2N-Na,CO,; from the filtered cooled extract, sodium diphenyl-4-sulphonate 
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separated. It was recrystallised from hot H,O, dried at 110°, and heated with K,Fe(CN), 
(2 parts) in a current of CO,. The distillate consisted of 4-cyanodiphenyl, m. p. 86°, and its 
polymeride : both were hydrolysed by 50% H,SO, containing AcOH to diphenyl-4-carboxylic 
acid, m. p. and mixed m. p. 220—221°. 


m-Diphenyl Compounds. 


3-Cyanodiphenyl was prepared by the method of Gomberg and Bachmann (J. Amer. Chem. 
Soc., 1924, 46, 2339) or of Gomberg and Pernert (ibid., 1926, 48, 1372). The tarry product of 
the coupling reaction from 3-cyanoaniline (75 g.), after removal of excess of C,H, was distilled 
with steam (120°), an ethereal extract of the distillate dried (CaCl,), and the oil in it fractionated : 
(i) b. p. 100—120°/20 mm. (3 g.), mainly benzonitrile; (ii) b. p. 180—189°/20 mm. (1-5 g.); 
(iii) b. p. 189—192°/20 mm. (11 g.), consisting of pure 3-cyanodiphenyl, solidified completely, 
and after crystn. from Et,O-ligroin (b. p. 40—60°) had m. p. 48°. Fraction (ii) became partly 
solid after seeding, and gave a further small quantity of 3-cyanodiphenyl. 

Diphenyl-3-aldehyde.—(a) 3-Cyanodiphenyl (11-5 g.) in Et,O (25 c.c.) was added to SnCl, 
(18-5 g.) in Et,O (150 c.c., saturated with HCl at 0°) ; after 12 hr., the stannichloride was washed 
with Et,O and decomposed with hot H,O. 

(b) Diphenyl-3-carboxyanilide, prepared by successive treatment of the acid with SOCI, and 
NH,Ph (2 mols.), separated from EtOH in colourless needles, m. p. 184° (Found: C, 83-6; 
H, 5-6. Cy gH,,ON requires C, 83-5; H, 5-5%). It (9 g.) was heated in C,H,Cl, with PCI, (7 g.) 
at 140° for 1 hr., POCI, and a part of the solvent removed in vac., and the iminochloride added to 
SnCl, (30 g.) in Et,O (250 c.c., saturated with HCl at 0°) ; after 12 hr., the yellow stannichloride 
was separated and hydrolysed with 2N-HCI (50 c.c.). 

The product from (a) or (b) was extracted and roughly dried in Et,O, recovered, and con- 
verted into the bisulphite compound, which was colourless after being washed with EtOH and 
Et,O. Regenerated from the bisulphite compound, diphenyl-3-aldehyde had b. p. 187—188°/ 
21 mm. [(a) 4-5 g.: (b) 3g.] (Found: C, 85-4; H, 5-55. C,,;H,,O requires C, 85-7; H, 5-5%) : 
semicarbazone, needles, m. p. 193°, from EtOH (Found: C, 70-3; H, 5-6. C,,H,,ON; requires 
C, 70-3; H, 55%); 2: 4-dinitrophenylhydrazone (prepared according to Brady; J., 1931, 756), 
orange needles, m. p. 229°, from xylene (Found : C, 63-2; H, 4-0. C,,.H,,0,N, requires C, 63-0; 
H, 3-9%) ; oxime, a syrup, yielding a hydrochloride, m. p. 118—119°. Oxidation of the aldehyde 
with KMnO, and Na,CO, gave the acid, m. p. and mixed m. p. 164° (Found: C, 78-8; H, 5-3. 
Calc. : C, 78-8; H, 5-1%). 

3-Phenylbenzylidenebenzylamine (as III) was obtained as a faintly yellow oil, b. p. 224°/1 mm. 
(Found : C, 88-8; H, 6-35. C, 9H,,N requires C, 88-6; H, 6-3%). 

3-Phenylbenzylamine.—3-Methyldiphenyl was prepared by Gomberg and Pernert’s method 
(J. Amer. Chem. Soc., 1926, 48, 1372); the fraction (20 g.), b. p. 260—275°, from m-toluidine 
(107 g.) was dissolved in EtOH—HCI and treated with Zn dust to remove azo-compounds, and 
the product, after evapn. of EtOH, taken up in Et,0, washed with 2N-H,SO, and 2N-Na,CO,, 
dried, and distilled in vac.; the hydrocarbon (16 g.) was then obtained as a colourless liquid, 
b. p. 159—160°/27 mm. By bromination (1 mol. Br) at 195°, w-bromo-3-methyldiphenyl was 
obtained as a straw-coloured liquid, b. p. 205—210°/24 mm., which crystallised ; twice recryst. 
from ligroin (b. p. 40—60°), it formed colourless plates (15-5 g.), m. p. 57—58° (Found : C, 62-5; 
H, 4:5; Br, 33-4. Calc. for C,,H,,Br: C, 63-1; H, 4-5; Br, 32-4%). [It seems likely that the 
b. p. 150°/15 mm. given by Ingold and Patel (J. Indian Chem. Soc., 1930, 7, 107) relates to the 
hydrocarbon and not the w-bromo-derivative.] Condensation with potassium phthalimide at 
185° afforded phthalo-m-diphenylmethylimide, needles, m. p. 138°, from EtOH (Found : C, 80-4; 
H, 4:9; N, 44. C,,H,,0O,N requires C, 80-5; H, 4:8; N, 4:5%), accompanied by a small 
quantity of phthalimide. Fission with N,H, furnished 3-phenylbenzylamine hydrochloride, 
crystallising from H,O in colourless plates. The base, b. p. 182°/18 mm., m. p. 29°, formed a 
picrate, yellow needles, m. p. 220° (decomp.), from MeOH (Found : C, 55-2; H, 4-2. C,g,H,,0,N, 
requires C, 55-3; H, 3-9%), and acetyl derivative, prisms, m. p. 115—116° (Found: C, 79-8; | 
H, 6-6. C,;H,,ON requires C, 80-0; H, 6-7%). é, ( 

Benzylidene-3-phenylbenzylamine (as IV), which is hydrolysed by washing in Et,O with cold ; 1 
2% AcOH aq., was purified by passage of CO, through the dry Et,O solution (cf. J., 1932, 703) : 3 I 
it is a faintly yellow oil, b. p. 220°/1 mm. (Found: C, 88-3; H, 6-4%). 

Mixtures of 3-phenylbenzaldehyde- and benzaldehyde-p-nitrophenylhydrazones melted as 
follows (A denotes the latter) : 


Big He ccccccecesccccsecccce 0 20°6 29°0 38°1 46°8 60°9 73°6 79°4 100 
b copebosotsshdsduovcy 187°5° 176° 170° 162° 150°5° = 166°5°—s-:«176°5°—s: 180° 190° 
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Newman and Riley: The Synthesis of Tartaric Acid. 


Interconversion. (a) With 1-45N-NaOEt at 85°: 


Isomeride Time at 85° with Isomeride 

used. NaOEt, hr. Yield, %. M. p. (IV), %. 
III 1 95 155° 44 
IV 1°5 95 155* 44 
1°75 95 155 44 


* To 4°5 mg. of this equilibrium specimen, 2°0 mg. of m-phenylbenzaldehyde-p-nitrophenylhydrazone 
were added; the mixture had m. p. 167°5°: calc., 168°. 
Equilibrium: IV (44°0°%) = III (56-0%). 


(b) With 0-145N-NaOEt at 82° : 


Time at 82° ky + Ry, hr. 
Isomeride with NaOEt, Isomeride Calc. from Calc. by 
used. min. Yield, %. M. p. (TV), %- zero time. time diff. 
0 101°5 187°5° 0 ow one 
10 100°5 181 13 2°10 — 
12°5 99 178°2 17 2°34 -- 
15 100 177 19 2°76 _ 
17°5 100 175°7 21 2°22 -— 
20 98°5 174 23°5 2°28 — 
III 22°5 99 172°5 25°5 2°30 — 
25 96 172 26 2°14 — 
27°5 98 170°5 28 2°21 — 
30 98 169 29°5 2°22 —- 
35 98 168 31°5 2°18 _- 
90 95 155 44 — -—— 
90 95 155 44 — — 
35 100 162 57 2-50 2-26 
30 99 164°7 59°7 2°54 2°18 
25°5 98 168 62°5 2°59 2°13 
IV 20 99 171°5 67°5 2°73 (1°74) 
15 100 174 70°0 (3°06) 2°11 
10 (102) 177°2 75-0 (3°52) (3°52) 
. 0 100 190 100 -— = 





The average value of the constant k, + k, (calc. from zero time) for both (III) and (IV) is 2°33 hr.-', 
and that similarly calc. for (III) only is 2°22 hr.-'; the average of the values for (III) and those calc. 
by time differences for (IV) is 2°21 hr.-!. 

Equilibrium: IV (44:0%) = III (56°0%); &, +, (mean) = 2°33 hr; k,/kg = 0°785; ky = 
1:02; &, = 1°31. 


The author thanks the Royal Society for a grant. 
THE UNIVERSITY, LEEDs. [ Received, October 29th, 1932.] 





14. The Synthesis of Tartaric Acid. 
By A. C. C. NEwMAN and H. L. RILEy. 


ALTHOUGH Schéyen (Annalen, 1864, 182, 168) and Strecker (Z. Chem., 1868, 216; Bull. 
Soc. chim., 1868, 10, 257) claim to have prepared tartaric acid from glyoxal through the 
cyanohydrin, the experimental proof of their statements is unsatisfactory. Pollak 
(Monatsh., 1894, 15, 469) states that under certain conditions he obtained mesotartaric 
acid in 4—15% yield. 

Our attempts to prepare tartaric acid from glyoxal (now readily accessible; Riley, 
Morley, and Friend, J., 1932, 1881; Riley and Friend, zbid., p. 2342) by the methods 
described by the above workers gave negligible yields of the racemic acid, and no 
mesotartaric acid was formed. Racemic acid was obtained in 30% yield by the following 
method. 


A suspension of the crude glyoxal bisbisulphite compound (55 g.) (J., 1932, 1881) in H,O 
(220 c.c.) was shaken with the theo. wt. of KCN (in the min. of H,O), added slowly. The 
solution obtained was filtered, an equal vol. of conc. HCl added, and the mixture saturated with 
HCl and refluxed for 12 hr. Considerable charring occurred. The liquid was freed from most 
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of the HCl by boiling and neutralised with Ca(OH),. After 12 hr., the ppt. of calcium tartrate 
was collected, boiled in dil. HCl with animal charcoal, and repptd. by Ca(OH), (Found: Ca, 
15-6. Calc. for CyH,O,Ca,4H,O: Ca, 15-4%). The Ca salt was decomposed with an equiv. 
of 0-5N-H,SO,, the filtered solution evaporated on the steam-bath, and the residue extracted 
with cold H,O; from the extract, on concn. and cooling, racemic acid separated, m. p. 206° 
(Found: C, 28-5; H, 4:8. Calc. for CgH,O,,H,O: C, 28-6; H, 48%). 









































The authors thank Imperial Chemical Industries Ltd., for assistance. 
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15. Monothioethylene Glycol. Part IV. Aryl B-Hydroxy- and B- 
Chloro-ethyl Sulphides. 


By GrorGE BADDELEY and G. MACDONALD BENNETT. 


A FURTHER series of substituted aryl 6-hydroxyethyl sulphides has been prepared (cf. J., 
1927, 1666) and converted into the corresponding chloro-sulphides, the substituents being 
of as wide a range of polar character as possible. 

Of the thiophenols required for the preparations, the p-halogenated compounds were 
obtained from the corresponding amines by the Leuckart reaction through the xanthic : 
esters. 

Some of the derived sulphoxides, and a number of the sulphones, are also described. 

The vesicant or irritant action of these compounds is slight, but it is very noticeable 
with the sulphones and particularly in p-nitrophenyl-8-chloroethylsulphone. 


Each aryl $-hydroxyethyl sulphide was prepared by adding ethylene chlorohydrin to a 
solution of the thiol in a slight excess of aq. KOH at 60—70° and heating for a short time on 
the water-bath; the product was removed and dried (K,CO,) in Et,O and recovered. Con- 
version into the chloro-sulphide was effected by SOC], in C;H,N and CCl, (cf. Part III, Joc. cit.), 
but with compounds halogenated in the nucleus fusion with PCl, was necessary. 

Oxidation to the sulphoxides was carried out with H,O, in AcOH, to the sulphones with 
aq. KMnQ, in presence of MgSO,. For the synthesis of @-hydroxyethyl! sulphones the requisite 
sulphinic acid was dissolved in aq. KOH, evaporated in vac., and heated for 2—8 hr. at 100— 
120° with ethylene chlorohydrin. Steam was then passed to remove volatile matter, and the 
product separated and recrystallised. 

Mesityl B-hydroxyethyl sulphide, from s-trimethylthiophenol, solidified and formed colourless 
needles from light petroleum; m. p. 25° (Found: S, 16-5. C,,H,,OS requires S, 16-3%). It 
was converted quantitatively into mesityl B-chloroethyl sulphide, which crystallised from MeOH 
in colourless needles with an oblique extinction ; m. p. 44° (Found : Cl, 16-55; C, 61-9; H, 7-2. 
C,,H,,CIS requires Cl, 16-55; C, 61-6; H, 7:0%). The sulphoxide crystallised from light 
petroleum in small rhomb-shaped crystals with an oblique extinction; m. p. 76° (Found : Cl, 
15-1. C,,H,,OCIS requires Cl, 15-4%), and the sulphone, when crystallised from dil. MeOH, 
formed colourless needles with an oblique extinction; m. p. 60-5° (Found: Cl, 14-2. 
C,,H,,0,CIS requires Cl, 14:4%). 

p-Chlorophenyl B-hydroxyethyl sulphide, after keeping at 100°/25 mm. for 1 hr., formed a 
light brown oil (Found : Cl, 19-0. C,H,OCIS requires Cl, 18-8%). It was converted by fusion 
with PCI, into p-chlorophenyl B-chloroethyl sulphide, which formed large colourless plates with a 
straight extinction (from light petroleum); m. p. 34° (Found : Cl, 34-2. C,H,Cl,S requires Cl, 
343%). The corresponding su/phone was prepared through the sulphinic acid obtained from 
p-chloroaniline by Gattermann’s method, the §-hydroxyethyl sulphone being converted without 
purification into the $-chloro-sulphone. It separated from light petroleum in minute white 
prisms with an oblique extinction; m. p. 96° (Found: Cl, 29-9. C,H,0,CI,S requires Cl, 
29-7%). 

p-Bromophenyl B-hydroxyethyl sulphide, prepared similarly, was a dark brown oil (Found : 
Br, 34-4. C,H,OBrS requires Br, 34-3%), converted by PCI, into p-bromophenyl 8-chloroethyl 
sulphide, large, almost colourless plates, m. p. 39°, from light petroleum (0-1861 g. pptd. 14-79 
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c.c. N/10-AgNO,. C,H,ClBrS requires 14-53 c.c.). The sulphone, prepared through an oily 
6-hydroxyethyl sulphone, separated from light petroleum as a microcryst. powder, m. p. 109° 
(0-1372 g. pptd. 9-58 c.c. N/10-AgNO,;. C,H,O,CIBrS requires 9-67 c.c.). 

p-lodophenyl 8-chloroethyl sulphide was produced by the action of PCl, on the oily hydroxy- 
sulphide, and crystallised from MeOH in minute plates with oblique extinction; m. p. 54° 
(0-1503 g. gave 0-1900 g. mixed halides. Found by action of Cl, : Cl, 12-3; I, 41-6. C,H,CIIS 
requires 0-1905 g.; Cl, 11-9; I, 42-5%). 

2 : 4-Dichlorothiophenol_—The diazonium solution obtained from dichloroaniline (20 g.) in 
conc. H,SO, (40 c.c.) and H,O (240 c.c.) at O—5° (8-6 g. NaNO, in 60 c.c. H,O) was mixed with 
borax (240 g. in 1-5 1. H,O) and added to potassium xanthate (30 g. in a little H,O) at 60—70°. 
The brown oily xanthic ester was removed in Et,O, recovered, and hydrolysed (13 g. NaOH in 
130 c.c. spirit) for 1 hr., the EtOH distilled off, the solution acidified, and the dichlorothiophenol 
distilled in steam, being obtained as an oil which solidified; m. p. 20°. It was oxidised by 
K,FeCy, to 2: 4: 2’: 4’-tetrachlorodiphenyl disulphide, colourless prisms, m. p. 82-5° (Found : 
Cl, 39-9. C,,H,Cl,S, requires Cl, 39-8%), and converted at 120° by BzCl into the benzoate, which 
crystallised from petroleum in minute, pale brown needles with straight extinction; m. p. 97° 
(Found: Cl, 25-2. C,,;H,OCI1,S requires Cl, 25-1%). The thiophenol was converted through 
an oily hydroxy-sulphide into 2: 4-dichlorophenyl B-chioroethyl sulphide, an almost colourless 
oil, b. p. 218°/15 mm. (Found: Cl, 42-9. C,H,Cl,S requires Cl, 44:1%). [A tendency for 
6-chloroethyl sulphides to give slightly low values of Cl content after distillation has been 
previously noticed (e.g., Bennett, J., 1921, 119, 424).] The sulphoxide crystallised from 
petroleum in colourless needles, m. p. 96-5° (Found : Cl, 41-2. C,H,OCI,S requires Cl, 41-4%). 

From 2 : 5-dichlorothiophenol, m. p. 23° (Gebauer-Fiilnegg and Figdor, Monatsh., 1927, 48, 
627), which gave a disulphide, forming colourless microscopic prisms, m. p. 81-5° (Found: Cl, 
39-8. Calc.: Cl, 39-9%), 2: 5-dichlorophenyl B-hydroxyethyl sulphide was obtained, colourless 
plates, m. p. 32°, from dil. MeOH (Found : Cl, 31-8. C,H,OCI,S requires Cl, 31-89%). 2: 5-Di- 
chlorophenyl 8-chloroethyl sulphide is a colourless oil, b. p. 176°/15 mm. (Found: Cl, 43-0. 
C,H,Cl1,S requires Cl, 44-1%). Its sulphoxide crystallised from light petroleum in thin colour- 
less plates with a high double refraction; m. p. 68° (Found: Cl, 41-0; C, 37-1; H, 3-0. 
C,H,OC1,S requires Cl, 41-4; C, 37-3; H, 2-7%). 

2 : 4: 6-Trichlorothiophenol was prepared from trichloroaniline, diazotisation being conducted 
in conc. H,SO, for several days. The solution was diluted and poured into a large excess of 
potassium xanthate solution slowly at 50°. The thiophenol was subsequently isolated as a 
colourless solid, m. p. 60° (Found : Cl, 49-7. C,gH,Cl,S requires Cl, 49-9%), readily oxidised to 
2:4:6: 2’: 4’: 6’-hexachlorodiphenyl disulphide, microscopic white crystals, m. p. 165°, from 
xylene (Found: Cl, 50-2. C,,H,Cl,S, requires Cl, 50-3%), and furnishing a benzoate, which 
crystallised from xylene in small colourless elongated plates with a straight extinction; m. p. 
170° (Found: Cl, 33-0. C,,;H,OCI,S requires Cl, 328%). By condensation with ethylene 
chlorohydrin 2: 4: 6-trichlorophenyl B-hydroxyethyl sulphide was obtained, which crystallised 
from light petroleum in colourless prisms with high double refraction and an oblique extinction, 
m. p. 41° (Found: Cl, 41-2. C,H,OCI,S requires Cl, 41-4%), and was converted by PCI, into 
2:4: 6-trichlorophenyl B-chloroethyl sulphide, rhomb-shaped plates with an oblique extinction 
(from MeOH), m. p. 71° (Found: Cl, 51-4; C, 35-0; H, 2-5. C,H,Cl,S requires Cl, 51-4; 
C, 34-8; H, 2-2%). 

p-Anisyl B-hydroxyethyl sulphide, from p-anisidine, separated from petroleum in minute white 
plates, m. p. 41° (Found: S, 17-3. C,H,,0,S requires S, 17-4%). The derived p-anisyl 
8-chloroethyl sulphide was isolated as a pale yellow oil, b. p. 110°/1 mm., which darkened and 
evolved HCl on long keeping (Found: Cl, 17-7. C,gH,,OCIS requires Cl, 17-5%). 

From thio-«-naphthol, an oily 6-hydroxyethyl sulphide was prepared and converted at once 
into «-naphthyl B-chloroethyl sulphide, a pale brown oil which suffered slight decomp. on distill- 
ation (Found: Cl, 15-6. (C,,H,,CIS requires Cl, 15-9%). The sulphone was separately 
synthesised from «-naphthalenesulphinic acid [m. p. 86°, prepared by reduction of the sulphonyl 
chloride (16 g.) with Na,SO, (60 g.) and NaOH (4 g.) in 200 c.c. H,O). «-Naphthyl-B-hydroxy- 
ethylsulphone, after crystallising once from dil. MeOH and once from H,O, formed silvery plates, 
m. p. 122° (Found: S, 13-5. ©,,.H,,0,S requires S, 13-6%). «-Naphthyl-B-chloroethylsulphone 
crystallised from dil. MeOH in stout prisms, m. p. 74° (Found: Cl, 13-9. C,,H,,0,CIS requires 
Cl, 13-95%). 8-Naphthyl 8-hydroxyethyl sulphide, from thio-8-naphthol, formed silvery matted 
plates, m. p. 64°, from light petroleum (Found : S, 15-6. C,,H,,OS requires S, 15-7%). When 
allowed to react gently with PCI, (1-25 mols.), it yielded B-naphthyl B-chloroethyl sulphide, which 
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crystallised from EtOH in plates with a high refraction and straight extinction; m. p. 53° 
(Found: Cl, 16-1. C,,H,,CIS requires Cl, 15°9%). When the above hydroxy-sulphide was 
fused with an excess of PCl;, nuclear chlorination also occurred with production of ?-chloro-B- 
naphthyl B-chloroethyl sulphide, small crystals (from EtOH), m. p. 52°, depressed to 45° in 
admixture with the preceding compound (Found: Cl, 28-0. C,,H,,C1,S requires Cl, 27-7%). 

From @-naphthalenesulphinic acid, B-naphthyl-B-hydroxyethylsulphone was obtained, which 
crystallised from warm H,O in minute silvery plates, m. p. 108° (Found: S, 13-6. C,,H,,03S5 
requires S, 13-6%), and yielded with PCl, 6-naphthyl-B-chloroethylsulphone, microscopic crystal 
aggregates, m. p. 100°, from MeOH (Found: Cl, 13-8. C,,H,,0,CIS requires Cl, 13-95%). 

p-Nitrophenyl-B-chloroethylsulphone, prepared by oxidation of the sulphide (Part III), formed 
colourless microscopic prisms, m. p. 128° (Found: Cl, 14-0. C,H,O,NCIS requires Cl, 14-2%). 
Phenyl y-chloropropyl sulphide, oxidised with H,O,, yielded a sulphoxide which did not 
crystallise and was further oxidised with KMnO, to the sulphone, colourless needles (from light 
petroleum), m. p. 26° (Found: Cl, 16-0. C,H,,0,CIS requires Cl, 16-2%). 


THE UNIVERSITY, SHEFFIELD. (Received, December 5th, 1932.] 





16. The Formula of Hypophosphoric Acid. 
By F. Bett and S. SUGDEN. 


CONSIDERABLE doubt exists as to the correct representation of hypophosphoric acid and 
its salts. Although many lines of investigation favour a formula H,P,O, (Parravano and 
Marini, Atti R. Accad. Lincei, 15, ii, 203, 305; Cornec, Bull. Soc. chim., 1909, 5, 1121; 
van Name and Huff, Amer. J. Sci., 1918, 45, 103; Treadwell and Schwarzenbach, Helv. 
Chim. Acta, 1928, 11, 405), yet Rosenheim and Pritze (Ber., 1908, 41, 2708) obtained 
molecular weights in solution for the esters which indicated the simpler formula R,PO,. 
These esters were prepared by the action of alkyl halides on silver hypophosphate and 
could not be distilled without decomposition. Later Mitobedzki and Walczyriska (Rocz. 
Chem., 1928, 8, 486) prepared the ethyl and menthyl esters by the reaction 
(RO),P-ONa + Cl-PO(OR), —> (RO),P*O-PO(OR), + NaCl 

but could not distil the products. Recently Arbusov and Arbusov (J. pr. Chem., 1931, 
130, 121) found that when bromine acted on sodium diethyl phosphite, (EtO),P-ONa, in 
ligroin the chief product was ethyl hypophosphate, which was isolated after repeated 
fractional distillation at 2 mm. pressure. This ester had a density of 1-146, a molecular 
weight of 250—260 (calc. for Et,P,0,, 274), and dissolved silver halides with evolution of 
heat. Arbusov and Arbusov conclude that the pure ester cannot be prepared by the action 
of alkyl halide on silver hypophosphate. 

Since H,PO, contains an odd number of electrons and H,P,O, does not, it follows that 
the hypophosphates, if they have the simpler structure, should be paramagnetic. We have 
therefore determined the susceptibility at 18—20° of some simple hypophosphates by the 
method described by one of us (J., 1932, 161). These substances (see table) are all dia- 
magnetic and must therefore be derived from an acid of the formula H,P,O,. 


Salt. Formula. x x 10°. 

Sodium hypophosphate Na,H,P,O, —0°38 
os - Na,H,P,0,,6H,O —0°41 
Silver a Ag,P,O, —0°25 
Guanidine am (CN ,H;),H,P,O,,2H,O —0°41 


Since it seemed possible that the liquids used by Rosenheim and Pritze might contain 
an ester of simpler formula, the preparation of the methyl and the ethyl ester as described 
by Sanger (Amnalen, 1886, 232, 9) was repeated. The products were all diamagnetic and 
did not give the reactions of true hypophosphates. The views of Arbusov and Arbusov are 
thus confirmed and the magnetism gives further evidence in favour of the formula H,P,Og. 


EXPERIMENTAL. 
Sodium hypophosphate, Na,H,P,0,,6H,O (Found : H,O, 34-4; P, 19-8. Calc. : H,O, 34-4; 
P, 19-8%), was conveniently prepared by the method of Probst (Z. anorg. Chem., 1929, 179, 155). 














Hydrolysis of Salts of the Halogen-substituted Aliphatic Acids, etc. 49 


Silver hypophosphate, Ag,P,O, (Found: Ag, 73-0. Calc.: Ag, 73:2%), was prepared 
(a) by the method of Philipp (Ber., 1883, 16, 749) and (b) by addition of a solution of the Na salt 
(40 g.) and NaHCO, (20 g.) to a solution of AgNO, (90 g.). 

Guanidine hypophosphate, (CN,;H;),H,P,0O,,2H,O (Found: P, 145. Calc.: P, 14:3%; 
cf. Miller, Z. anorg. Chem., 1916, 96, 29, and contrast Rosenheim and Pinsker, Ber., 1910, 48, 
2003), was prepared by mixing hot solutions of the Na salt and guanidine carbonate. When a 
solution of guanidine carbonate was added to a solution of Ag,P,O, in NH, aq. there was formed 
a cryst. ppt., which after two crystns. from H,O gave pure guanidine hypophosphate. This 
proves that the Ag salt does correspond in structure with hypophosphoric acid. 

Interaction of AgsP,0, and MelI.—(a) Ag,P,O, was covered with excess Mel and left for 4 
days. The Mel was evaporated in vac., and the residue extracted with Et,0. The Et,O was 
evaporated in vac., and the resultant oil desiccated for several days. After being filtered from a 
small amount of AglI, it had d 1-307, immediately reduced AgNO, aq., and gave no ppt. on 
introduction into guanidine carbonate solution. 

(b) Ag,P,0, was warmed for 4 hr. with a slight excess of MeI in Et,0. The product when 
worked up in the above way gave an oil, d 1-303, with similar properties. There is therefore no 
indication of the formation of a methyl hypophosphate by this process. 

Interaction of Ag,P,0, and EtI.—A brisk reaction took place when Ag,P,O, was slightly 
warmed with EtI, and after 2 hr. the product was worked up as before. The residual oil deposited 
AglI during several days. It then had d 1-173, reduced AgNO, aq., and gave no ppt. on intro- 
duction into guanidine carbonate solution. 

Ag,P,O, was boiled with p-iodonitrobenzene or bromo-2 : 4-dinitrobenzene in Et,O for 6 hr. 
No reaction occurred in either case. With bromo-2: 4-dinitrobenzene in boiling xylene, 
darkening gradually occurred, but only bromo-2 : 4-dinitrobenzene was isolated on evapn. of the 
xylene. 


BATTERSEA POLYTECHNIC, LONDON, S.W. 11. 
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17. The Hydrolysis of Salts of the Halogen-substituted Aliphatic Acids 
in Aqueous Solution. 


By H. M. Dawson and N. B. Dyson. 


MEASUREMENTS of the rate of hydrolysis of salts of chloro- and bromo-acetic acid by 
Kastle and Keiser (Amer. Chem. J., 1893, 15, 471) are mainly of interest in the evidence 
they afford that under comparable conditions the various salts of each acid are hydrolysed 
at the same rate and that the reaction velocity increases with the concentration but much 
more rapidly. Much greater significance must be ascribed to the work of Senter and his 
co-workers, whose experiments with the free acids and their salts suggest that there is 
a difference between the reactivities of the un-ionised molecules and the corresponding 
anions. 

The results of Senter’s earlier experiments (J., 1907, 91, 460; 1909, 95, 1827), in 
which the progress of hydrolysis was followed by titration with alkali, were said to indicate 
that the hydrolysis of the salts in dilute solution is almost entirely due to reaction between 
the anion and water, but that the undissociated salt plays an increasingly important part 
as the concentration of the solution increases. In the case of solutions of the free acids, 
the observed rates of reaction were supposed to be mainly due to the hydrolysis of the 
un-ionised molecules. 

Further investigations (Senter and Bulle, J., 1912, 101, 2523), in which the influence 
of foreign salts was examined, showed that the hydrolysis of the bromoacetates is acceler- 
ated to an abnormally large extent by the addition of sodium acetate (or formate), and 
that the reaction, when followed by titration with silver solution, appears to take place 
more rapidly than is suggested by the alkali-titration data. This is explained by the 
formation of acetoxyacetate (formoxyacetate) as an intermediate stage in the ultimate 
production of glycollic acid. The correctness of this interpretation is established by the 
experiments of Senter and Ward (J., 1912, 101, 2534), which show also that the hydrolysis 
E 
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of sodium bromoacetate, in the absence of acetate (or formate), is similarly associated 
with the intermediate formation of bromoacetoxyacetate, and that the special features 
which characterise the two-stage reaction become more pronounced as the concentration 
of the bromoacetate solution increases. 

The work of Senter represents an important contribution towards the elucidation of 
the mechanism of the hydrolysis of halogen-substituted carbon compounds, but in the 
light of the observations recorded in the present paper, it is apparent that the methods 
of investigation previously used have given results which in many respects are of uncertain 
value, and that the interpretation given to these observations requires very considerable 
modification. In so far as Senter’s theory involves the view that undissociated molecules 
are involved in the hydrolysis of the salts of the halogen-substituted acids, it may be 
noted, incidentally, that modern conceptions relative to the degree of ionisation of salts 
in solution render this view very much less acceptable. 

The observations recorded in this paper are concerned only with the hydrolysis of the 
salts, the behaviour of which is relatively simple in comparison with that of the corre- 
sponding acids. 

Having regard to the simultaneous and successive changes which are involved in the 
hydrolytic process, the question of the actual procedure which has been followed in the 
kinetic investigation of the mechanism must be given adequate consideration. 

From the results it is apparent that the bromoacetate ion takes part in two reactions, 
the relative importance of which varies with the concentration of the solution. One of 
these reactions is unimolecular with respect to the bromoacetate ion and may for our 
purpose be represented by 


CH,Br-CO,’ + H,O —> CH,(OH)-CO,H+Br’ . . . . (I) 


whilst the second is bimolecular with reference to the bromoacetate ion and takes place 
in two stages (cf. Senter and Ward, loc. cit.), which may be represented by 


2CH,Br-CO,’ —> CH,Br-CO,CH,CO,’+ Br’ . . . . (Ia) 
CH,Br-CO,°CH,°CO,’ + H,O —> CH,Br-CO,’ + CH,(OH):CO,H . . (IIb) 


According to the above equations it is apparent that the disappearance of the bromo- 
acetate as a result of the hydrolysis represented by (I) can be followed either by titration 
of the bromide ion with a silver solution or of the glycollic acid with alkali. On the other 
hand, since the hydrolysis of the bromoacetoxyacetate ion (IIb) does not keep pace with 
its rate of formation, it is apparent that the rate of disappearance of bromoacetate in 
accordance with (IIa) may be measured by titration with silver but not with alkali. The 
difference between the titration values at any stage affords a measure of the concentration 
of the intermediate complex R°CH,°CO,’, and this difference is found to pass through a 
maximum value. 

The precise relation between the rates of the reactions (IIa) and-(IId) is not a matter 
of any importance in the present investigation, which is primarily concerned with the 
rate of disappearance of the hydrolyte in accordance with (I) and (IIa), and in this con- 
nexion the essential point to note is that the silver-titration data afford a measure of the 
combined rates of these reactions. Since the relative rates of (I) and (IIa) vary very 
widely with the concentration of the bromoacetate, it will be readily understood that 
the progress of the hydrolysis as determined by titration with silver solution does not 
conform to the requirements of a kinetic formula based on the assumption that the reaction 
is either uni- or bi-molecular. Such formule will have still less significance when considered 
with reference to the alkali-titration data. 

The occurrence of simultaneous reactions is by no means the only circumstance which 
tends to complicate the interpretation of the titration data, for it has been found that 
the glycollic acid formed in (I) and (IIb) has a very considerable influence on the measured 
reaction velocity. The influence of the reaction products may be shown by a comparison 
of the actual velocities (v’) at various stages in the hydrolysis of a bromoacetate solution 
with the velocities (v) for solutions which contain the same amounts of bromoacetate but 
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are devoid of the reaction products (glycollic acid and sodium bromide) which are neces- 
sarily associated with the bromoacetate in the former case. Pairs of velocity values 
corresponding with 25, 50, 75, and 90% hydrolysis of 0-2M-bromoacetate solution are 
shown in Table I, the velocities being expressed in mols. per litre per minute. 





TABLE I. 
Influence of reaction products on rate of hydrolysis of sodium bromoacetate at 25°. 
Bromoacetate CONCH. .....0..ccsersececeesees 0-2 0°15 0°10 0°05 0°02 
108 . v’ 0°875 0°553 0°244 0-171 
10°. v 0-660 0°369 0°145 0°049 
PED. sensscnincccatchiichnivashidintatadibctanice 1:33 1:50 1°68 3°50 


In the measurement of v’ the several solutions were prepared synthetically by the 
addition of the required amounts of the reaction products. For convenience and accuracy 
of titration, the sodium bromide was replaced by sodium nitrate but this can scarcely 
have any measurable influence on the relation between v’ and v, which is mainly deter- 
mined by the glycollic acid. As the values of v’/v indicate, the influence of the reaction 
products on the velocity is very large and increases continuously as the reaction proceeds. 

In these circumstances the question of the dependence of the reaction velocity on the 
concentration of the sodium bromoacetate can only be studied satisfactorily by measure- 
ment of the initial velocities, and in accordance with this conclusion the data recorded in 
this paper represent the actual velocities for a very small fraction (2%) of the total reaction. 
In order to make allowance for the variations of concentration within this small interval, 
the determination of the velocity for concentration c was actually carried out with an 
original concentration of c + 0-0lc and a final concentration of c — 0-0lc. 

When the concentration of the bromoacetate is increased from 0-02 to 1-0 mol. per 
litre, the initial velocity v = A[Br’]/A¢ (mols./litre/min.) at 25° increases from 0-049 to 
22-9. The velocity ratio is thus nearly ten times as large as the concentration ratio. The 
results are presented later in Table IV. 

On the assumption that the simultaneous reactions (I) and (IIa) are responsible for 
the disappearance of the bromoacetate, the initial reaction velocity should be given by 


v=u,+u=—ke+khe*t . . . ~~. - - s (i) 


in which k, and k, are the velocity coefficients for the two reactions. According to this 
equation, v/c should be a linear function of the concentration of the bromoacetate, but 
the actual results show that the velocity in pure aqueous solution increases with the con- 
centration more rapidly than this. Since reactions (I) and (IIa) are both accelerated by 
the addition of inert salts, it may be taken for granted that the bromoacetate will itself 
be responsible for an inert-salt effect expressible in terms of gradually increasing values 
of k, and , as the concentration of the bromoacetate solution increases. 

In order to obviate this disturbing factor, a parallel series of experiments has been 
made with bromoacetate solutions in which the total salt concentration is maintained 
constant at 1-0 mol. per litre by the addition of the appropriate quantities of sodium 
nitrate. The assumption hereby involved is that the inert-salt effects of the bromo- 
acetate and the nitrate are equal. Since this effect varies to an appreciable extent with 
the nature of the salt, this equality may not be exact, but it seems probable that the 
disturbing influence of the neutral-salt effect will be largely eliminated by this procedure. 
The experimental results support this conclusion in that the data for this series give a 
straight line when v/c is * gars against c. 

Since, according to (1), v/c = k, + kc, the intercept of this line on the ordinate c = 0 
gives the value of k, = ve : x Ws, ‘and the slope of the line gives the value of kg = 19-3 x 
10%. The reaction velocities calculated from (1) by the introduction of these values of 
k, and k, are in close agreement with the actually measured velocities over the entire 
concentration range, as may be seen from Table II, in which col. 1 gives the concentration 
of the bromoacetate, cols. 2, 3, and 4 show respectively the calculated partial velocities 
v, and v, and the total velocity v,,;,.., whilst col. 5 records the observed velocity v,,... 
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TABLE II. 
Hydrolysis of sodium bromoacetate in aqueous solution with constant total salt concentration 
= 1-0 mol. per litre. 

cCH,Br-CO,Na + (1 — c)NaNO,. 
c. 10% .9,. 10%. 9. 10%. deuce. 10% . dong. c. 10% .v,. 10%. 04. 10%. Oa1,. 10°® . Vor. 


0°02 0:068 0-008 0-076 0°077 0°30 1-02 1-70 2°72 2°65 
0°03 0°102 0°017 0-119 0-120 0°40 1°36 3°09 4°45 4°33 
0°04 0°136 0°031 0°167 0°169 0°50 1-70 4°82 6°52 6°30 
0°05 0°170 0°048 0-218 0-220 0°60 2°04 6°95 8°99 8°80 
0°07 0°238 0°094 0°332 0°331 0°80 2°72 12°35 15°05 15°0 
0°10 0°340 0°193 0°533 0°522 1-00 3°40 19°30 22°7 22°9 


0°20 0°680 0°772 1°45 1°43 


Apart from the close agreement between the observed and calculated velocities which 
Table II shows, it may be noted that the values of v, and v, indicate that about 90% of 
the hydrolysis in the most dilute solution is attributable to the unimolecular reaction, 
whilst in the most concentrated solution 85% of it is due to the bimolecular reaction. 
In view of the high reactivity of the hydroxyl ion (cf. p. 55), it is desirable to point out 
that the initial reaction velocities recorded in the above and later tables for originally 
neutral solutions of sodium bromoacetate are not measurably affected by this factor. 
This would be the case even if the solutions remained neutral, but in actual fact the solutions 
become acid as the result of hydrolysis. 

In the interpretation of the results which have been obtained for pure aqueous solutions 
of the bromoacetate, the variation of k, and k, with the salt concentration must be taken 
into account, and the assumption has been made that the variation in question is the 
same as that produced by the addition of sodium nitrate. This assumption seems to be 
fully justified by the results recorded in Table II. 

In this connexion experiments have been made with 0-05 and with 0-2M-solutions 
of sodium bromoacetate to which various quantities of sodium nitrate were added. The 
results are shown in Table III. 


TABLE III. 
0°05CH,Br-CO,Na + *NaNOQOs3. 
HB deverseccessvcccccsvescscsessosscecs 0 0°25 0°5 0°75 10 
Pc cisasossesnntonesnanpaseonnens 07145 0°163 0-184 0°203 0°224 
0°2CH,Br-CO,Na + *NaNO,. 
iD necanennengniensdvonsenednoceoucpeess 0 0°25 0°5 0°75 1-0 
eh er eGoarsopiesaadaatecncaees 1-05 114 1:28 1:36 1°48 


For both series the velocity is a linear function of the nitrate concentration, and if 
the inert-sa t effects of the bromoacetate and the nitrate are equal, it follows that the 
velocity is a linear function of the total salt concentration (y) corresponding with v = 
Up(1 + ay), where « measures the salt effect and vp is the hypothetical velocity in the 
entire absence of salt. The measured velocities can be expressed by v/vp = 1 + 0-56y 
for the 0-05M-bromoacetate series and by v/vg = 1 + 0-47y for the 0-2M-series. Since 
the contributions of the uni- and the bi-molecular reaction to the observed velocity vary 
with the bromoacetate concentration, this difference in the value of « may indicate that 
the inert-salt effects for the two reactions are unequal in magnitude. No definite answer 
can be given to this question, and for the present purpose it is assumed that the inert-salt 
effect can be represented with sufficient accuracy by the mean value of « corresponding 
with v/vg = 1 + 0-52y. It may then be shown that the values of k, and &, for pure 
aqueous solutions of sodium bromoacetate of concentration c are given by ky = 2°25 x 
10-6(1 + 0-52c) and k, = 12-7 x 10-*(1 + 0-52c), where 2-25 x 10° is the value of hk, 
and 12-7 x 10° the value of &, in the absence of inert-salt effect. In so far as Brénsted’s 
theory (Z. physikal. Chem., 1922, 102, 169) is applicable to such relatively concentrated 
solutions as those in Table III, it might be expected that reaction (Ila) would be more 
sensitive than (I) to the influence of added inert salt. Since the relative importance of 
(IIa) is greater for 0-2 than for 0-05M-bromoacetate, the value of the coefficient « would 
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be expected to be larger for the more concentrated bromoacetate solutions, whereas the 
experimental data show the opposite effect. 

The velocity coefficients derived in the above manner have been used in the calculation 
from equation (1) of the reaction velocities for pure aqueous solutions of sodium bromo- 
acetate which are recorded in Table IV. Apart from the fact that the values of k, and 
k, are given in cols. 2 and 3, the arrangement of this table is the same as that of Table II. 


TABLE IV. 
Hydrolysis of sodium bromoacetate in pure aqueous solution. 

c. 10° . h,. 10° . he. 10%. v,. 108 . v9. 10%. Veatc. 10% . Vote. 
0°02 2°27 12°8 0°0455 0°005 0°0505 0°049 
0°03 2°28 12°9 0-068 0-012 0-080 0°083 
0°04 2°29 12-9 0-091 0°021 0°112 0°116 
0°05 2°30 13°0 0-115 0-032 0°147 07145 
0°07 2°32 13°1 0°162 0:064 0°226 0°225 
0°10 2°36 13°3 0°236 0°133 0°369 0°369 
0°20 2°47 14:0 0°495 0°560 1-055 1:05 
0°30 2°59 14-7 0-78 1-32 2°10 2-01 
0°40 2°72 15°4 1-09 2°46 3°55 3°40 
0°50 2°83 16-0 1°41 4°00 5°41 5°12 
0°60 2°95 16°6 1°77 5°98 7°75 7°40 
0°80 3°17 17°9 2°53 11°45 14:0 13°85 
1-00 3°40 19°3 3°40 19°3 22°7 22°9 

In reference to the data for pure aqueous solutions, it may be noted that if k, and k, 
° 


1 
vary linearly with the bromoacetate concentration in accordance with k, = k,°(1 + ac) 
and ky = k,°(1 + ac), then equation (1) takes the form 


v = k,°(1 + ac)e + R,°(1 + ac)c? 
or vie = ky° + (Ryoa + hy”) + hy°ac® 


according to which v/c is a parabolic function of the bromoacetate concentration, as would 
seem to be indicated by the experimental graph. 

The results presented in Tables II and IV are such as to warrant the conclusion that 
the elimination of bromine from the bromoacetates is due to the simultaneous reactions 
represented by (I) and (IIa), and that the velocity of the process is adequately repre- 
sented by the equation v = k,c + k,c®, when the disturbing effects due to the products 
of reaction or to variations in the salt content of the solutions are eliminated or appro- 
priately taken account of. Since one of the bromoacetate ions which are involved in 
(IIa) is regenerated in (IId), it is obvious that reaction (II) may be regarded as the auto- 
catalysed form of (I), which in turn may be considered to represent the normal 
non-accelerated hydrolytic reaction. 

In the interpretation of the experimental data, it has been tacitly assumed that the 
bromoacetate is completely ionised and that the bromoacetate is the only halogen-con- 
taining entity which is involved in the reactions. The closeness of the agreement between 
the calculated and observed velocities would seem to afford ample justification for this 
assumption. The kinetic data may, indeed, be regarded as affording no evidence for the 
existence of un-ionised salt molecules in the solutions, for it may be reasonably expected 
that the reactivity of these would differ appreciably from that of the corresponding anions. 

Catalytic Effects produced by Foreign Salts.—Reference has already been made to the 
accelerated hydrolysis observed in the presence of salts of the fatty acid series and to the 
interpretation of the increased velocity in terms of reactions corresponding in type with 
(II). In the light of the preceding observations, further experiments have been made to 
ascertain the relation of these catalysed reactions to the reactions which are represented 
kinetically by equation (1), and also to compare the accelerating effects of different anions 
in so far as the velocity of the first stage (liberation of Br’) in the catalysed reactions is 
increased. 

The experimental results show that the reaction velocity for a mixture represented 
by the general formula cCH,Br-CO,Na + c’NaA, in which A denotes the formate, acetate, 
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glycollate, or other similar anion, exceeds the velocity for cCH,BreCO,Na by an amount 
which is directly proportional to the product of the concentrations of the bromoacetate 
and A ions. In these circumstances the equation for the reaction velocity becomes 


in which v, and v, are the same as in equation (1) and vg is the partial velocity due to the 
presence of the salt NaA. This partial velocity corresponds with the reaction represented 
by 

A’ + CH,Br-CO,’—> A’CH,°CO,’+ Br’. . . . . (IIIa) 
which is precisely analogous to (IIa). The coefficient k, thus affords a measure of the 
accelerating influence of the A ion. 

In order to minimise the influence of inert-salt effects, the measurements of the initial 
reaction velocity were made with solutions of the same total salt concentration (1 mol. 
per litre). These solutions, with the appropriate addition of sodium nitrate, may thus 
be represented by the general formula cCH,Br-CO,Na + c’NaA + (1 —c—c’)NaNO;. The 
value of k, in equation (2) is derived from kg = (v — v4 — v)/cc’, where v is the measured 
velocity, and v, and v, are the partial velocities recorded in Table II. Although differ- 
ences in the inert-salt effects of NaA as compared with those due to sodium nitrate may 
be expected to have some influence on the values of &, obtained when c’ is varied, the 
actual results show that the variations are quite small and that this coefficient may be 
evaluated with considerable accuracy. 

Table V shows the results of experiments with bromoacetate in presence of varying 
quantities of acetate, formate, and glycollate. The calculated velocities are those derived 
from equation (2) with 10°. k, = 3-4, 10°. k, = 19-3, and 10® . kg = 50-0 for the acetate, 
50-0 for the formate, and 35-0 for the glycollate. 


TABLE V. 

0°1M-Sodium bromoacetate + c’M-sodium acetate. 
eee 0 0°1 0-2 0:3 0-4 0°5 0-7 
D5 Bike secccencsecs 0°52 1:00 1°51 1-98 2°53 3°03 4°12 
ec tlaks cvidveciciis 0°53 1:03 1°53 2°03 2°53 3°03 4:03 

0°05M-Sodium bromoacetate + c’M-sodium acetate. 
aT cccuumenehevaseienien 0 01 0-2 0°3 0°4 0°5 0°7 
BO . Date, scccvescesce 0°22 0°45 0:70 0°95 1-22 1°45 1°95 
DP Dis, coccconisers 0°22 0°47 0°72 0°97 1°22 1°47 1-97 

0°1M-Sodium bromoacetate + c’M-sodium formate. 
i ncssabsanniuinekuneed 0 0-1 0-2 0°3 0-4 0°5 0°6 
oe eer 0°52 1°02 1°55 2°04 2°51 3°22 3°55 
BP 5 Dita cvsiensetcces 0°53 1-03 1°53 2°03 2°53 3°63 3°53 

0°05M-Sodium bromoacetate + c’M-sodium glycollate. 

F » rnansnavbntbadendinne’ 0 0-1 0-2 0°3 0°4 0°5 0°6 
BOP, Rama: : <concccncees 0°22 0°38 0°555 0°73 0°92 1:095 1:28 
OE i Miak, tictdescnsnns 0°22 0°395 0°57 0°745 0°92 1:095 1:27 


Experiments have also been made with chloroacetate as catalyst, and the conditions 
in this case are somewhat peculiar in that the catalyst also undergoes hydrolysis. From 
data which are already available it is quite certain that this hydrolytic process is precisely 
similar to that for the bromoacetate, although the velocity of the chloroacetate hydrolysis 
is very much smaller at the same temperature and concentration. The contribution of 
the chloroacetate to the observed velocity for mixtures of bromo- and chloro-acetate can 
be readily determined by independent measurements with solutions of sodium chloroacetate 
at the same total salt concentration. 

If this velocity is v’’ and that for the mixture with the same concentration of chloro- 
acetate is v, then v — v” represents the velocity of those reactions in which the bromo- 
acetate is involved, and from this the value of k, for the accelerating effect of the chloro- 
acetate on the rate of hydrolysis of the bromoacetate is found by the method described 

















Halogen-substituted Aliphatic Acids in Aqueous Solution. 55 


above to be 14-0 x 10°*. Table VI shows the measured velocities for a series of chloro- 
acetate solutions (v’’) and for a parallel series in which bromoacetate is present to the 
extent of 0-2 mol. per litre. The fourth row gives the velocities for the mixed solutions 
calculated from equation (3), with the addition of the corresponding value of v’’. Although 
v” is thus regarded as a small experimental correction factor, it may be noted that this 
could be calculated from v’’ = k,'c’ + k,’c’? if the coefficients k,’ and k,’ were available. 
The reaction velocity for the mixtures cCH,Br-CO,Na + c’CH,Cl-CO,Na would then be 
expressed by 


v = hy + hec® + hyce’ + hy'c’ + hyite’. 2 1 wee (8) 
TABLE VI. 
0°2M-Sodium bromoacetate + c’M-sodium chloroacetate. 
ne Tee eT Oe 0 0-1 0-2 0°3 0°4 0°5 
DY wiihaiadnncinnbasiwendbe — 0°02 0°05 0°08 0°12 0°17 
Be ita enaditadinnsimeneuioe 1°43 1°75 1-98 2°24 2°64 3°06 
Or GMa sacedsncsssscriseines 1°45 1°75 2°06 2°37 2°68 3°02 


The results in the above table are of particular interest in that they show that the rate 
of hydrolysis of the bromoacetate is considerably accelerated by the chloroacetate. 

Reference may finally be made to the hydrolysis of the bromoacetate in presence of 
sodium hydroxide. This reaction is usually regarded as being essentially different from 
the hydrolytic process which occurs in pure aqueous solutions, and the distinction may be 
justified to some extent by the fact that the alkali hydrolysis conforms closely under 
certain conditions to the requirements of the bimolecular formula v = k[bromoacetate] x 
[alkali]. It should be pointed out, however, that this velocity formula represents the 
third term of equation (2) and that the kinetic characteristics of alkaline hydrolysis are 
solely due to the very large value of k, for the hydroxylion. This value (kg = 4150 x 10-4) 
is such that v, and v, are generally negligible in comparison with v3. When the concen- 
tration of the bromoacetate (c) is large compared with that of the hydroxide (c’), the 
complete equation v = k,c + k,c* + kgcc’ is, however, necessary to account for the observed 
course of the reaction. If, for instance, c= 1-0 and c’ = 0-05, then v, + v, represents 
about one-tenth of the total velocity and this increases to about one-third when the alkali 
has been used up to the extent of 80%. 

The initial velocities for mixtures of sodium bromoacetate and sodium hydroxide with 
a total salt (CH,Br-CO,Na + NaOH + NaNO,) concentration of 1 mol. per litre are shown 
in Table VII; cols. 1 and 2 give the concentrations of the reactants, col. 3 gives the observed 
velocity, and col. 4 the velocity calculated from equation (2) with 10°.k, = 4150. 


TABLE VII. 
Alkaline hydrolysis of sodium bromoacetate. 
Bromoacetate. Hydroxide. 108 . vos. 108 . Ucate. 
0°10 0°05 21°35 21°3 
0°10 0°10 41°90 42-0 
0°20 0°05 43°0 42°95 


The applicability of equation (2) to the initial rate of formation of bromide from the 
bromoacetate with hydroxide as catalyst suggests that alkaline hydrolysis is precisely 
similar to that which occurs in presence of the acetate, etc. The only difference lies in the 
fact that the rates of reaction measured by titration with standard silver and with standard 
acid are identical within very narrow limits in the case of the reaction with hydroxide as 
catalyst. This suggests that the two stages corresponding with (Ila) and (IId) are 
replaced by a single-stage reaction in the hydrolysis with alkali or that the second stage 
is very rapid. 

Since the alkaline hydrolysis may be represented stoicheiometrically by CH,Br-CO,Na + 
NaOH —> CH,(OH)-CO,Na + NaBr, it is clear that the glycollate formed will have an 
accelerating influence (cf. Table V) on the reaction as measured in the usual way. This 
autocatalytic effect will of necessity be responsible for additional deviations from 
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the course of the reaction when this is expressed by the simple bimolecular formula 
v = k[bromoacetate][hydroxide]. 

When the catalysing effects of the various anions measured by k, and the autocatalytic 
effect of the bromoacetate ion measured by k, are compared, we obtain the series : 


Chloroacetate. Bromoacetate. Glycollate. Formate. Acetate. Hydroxide. 
BF . Be casece 14 19°3 35 50 50 4150 


from which it is apparent that, in general, the catalytic activity of the anion increases with 
increase in its basic character. The parallelism is by no means complete, however, and 
it would seem that the position of the formate ion in the series is somewhat anomalous in 
that formic acid is considerably stronger than acetic acid. 


EXPERIMENTAL. 


Carefully purified KBr was employed for the standardisation of the AgNO, and KNCS 
solutions used in the velocity measurements. In all cases the titrated solutions were com- 
parable in vol. and in Br content, such conditions being attained in the kinetic expts. by suitable 
variation of the quantity and the preliminary dilution of the reaction mixture which was 
subjected to titration. Preliminary expts. indicated approximately the periods of time which 
were necessary for the production of the required amount of Br’. These precautions have been 
found to increase appreciably the accuracy of the measurements. 

In the expts. with solutions containing chloroacetate, the halide was determined directly 
by titration with AgNO, in the presence of K,CrO, as indicator, and in the case of the most 
dilute solutions the initial stage of hydrolysis was increased from 2 to 4% corresponding with 
the change from c + 0-02c to c — 0-02c. 


SUMMARY. 


The kinetic measurements described above show definitely that the formation of 
bromide from sodium bromoacetate in aqueous solution is the result of simultaneous 
reactions which can be represented very accurately by the reaction velocity formula 
v = k,c + k,c? if the velocity is measured under conditions which provide for the elimin- 
ation of inert-salt effects and for the accelerating influence of the products of the reaction. 
In this formula the constants k, and k, are the velocity coefficients for the unimolecular 
and the bimolecular reaction and c is the concentration of the bromoacetate. 

The same equation is applicable to pure aqueous solutions of the bromoacetate if 
appropriate allowance is made for the influence of the varying salt content (c = 0-02—1-0) 
on the values of the coefficients k, and kg. 

In the presence of other salts—acetate, formate, glycollate, chloroacetate—the velocity 
is given by v = v, + vg + vg = kc + kc* + Rgcc’, where c’ is the concentration of the 
catalysing salt and the constant k, is the corresponding velocity coefficient. The reactions 
which correspond with v, and v, are precisely similar, and k, affords a measure of a catalytic 
effect due to the bromoacetate itself which is analogous in every way to that produced by 
the other catalytically active salts. 

The three-term equation applies also to the hydrolysis of bromoacetate in presence 
of hydroxide, and the fact that the course of the alkali hydrolysis can usually be expressed 
with close approximation by a simple bimolecular expression is entirely due to the large 
value of kg in comparison with k, and fg. 
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18. The Interaction of Carbon Monoxide and Nitric Oxide. 
By F. F. MusGRAvE and C. N. HINSHELWooD. 


THE decomposition of nitric oxide is not accompanied by a volume change, and cannot 
therefore be conveniently investigated by the usual static method. The original object 
of the experiments described in this paper was to find out whether the decomposition 
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could be measured in presence of carbon monoxide, thus : 2NO = N, + O,; 2CO + O, = 
2CO,. It seemed possible that the first change might govern the rate of the whole reaction, 
the second rapid change, which involves a decrease in pressure, merely acting as an indi- 
cator of the progress of the first. 

Preliminary experiments * appeared to show that the carbon monoxide did in fact 
serve this purpose. The rate of reaction was measurable in the region of 900°, was 
proportional to the square of the pressure of nitric oxide and independent of the concentra- 
tion of carbon monoxide. But it proved quite wrong to conclude from this that the carbon 
monoxide played no part in determining the initial change ; for if nitric oxide alone was left 
in the reaction vessel for even longer periods than the normal time of reaction, subsequent 
addition of carbon monoxide caused the usual reaction to set in at nearly the usual rate. 
Thus the nitric oxide must have been stable in the absence of carbon monoxide. 

The rate of reaction was not systematically dependent on the area/volume ratio or the 
dimensions of the vessel. Yet, although homogeneous, the reaction showed variations in 
rate which were at once recognised to be far greater than the experimental errors of the 
measurement. Addition of water vapour was found to increase the speed approximately 
in proportion to the partial pressure : the use of more thoroughly dried gases and apparatus 
produced slower reaction. The following hypothesis was therefore made about the 


mechanism : 
(1) CO + H,O = CO, + H,; (2) 2NO + 2H, = N, + 2H,0. 


(1) is a heterogeneous reaction, known to be fast at 900°, while (2) is a homogeneous 
change which can be shown to take place at approximately the rate required to explain the 
results. It is termolecular,§ in accordance with the equation —d[NO]/dt = k[NO}*[Hg], 
and thus apparently takes place in stages such as the following : 2NO + H, = N,O + H,0O, 
2N,0 = 2N, + O,. The latter decomposition is very rapid at 900°. . 


EXPERIMENTAL. 


The apparatus and procedure have been described in previous papers. CO was prepared 
from H-CO,Na and H,SO, in an evacuated apparatus, and dried by simple passage over P,O,. 
NO was prepared usually by the nitrometer reaction, and stored over conc. H,SO, in the vessel 
in which it was generated. It thus contained a small amount of H,O, which varied somewhat 
in different prepns. The “dry” NO used in certain expts. was made from FeSO,, HCl, and 
NaNO,, and dried over P,O;. 

Course of the Reaction.—The total change of press. and the amount of CO, formed (found by 
analysis) corresponded to the net equation 2NO + 2CO = N, + 2CO,. For a given set of 
initial conditions the reaction follows a bimolecular course. 

Temp. 920°; initial [NO] = initial [CO] = 197 mm. 

a = 98-5; ¢ = time in secs.; ¥ = press. change; k = 1/t.[1/(a — x) — 1/a}. 


t. x. k xX 10°. t. #. k x 10’. t. x. k xX 107. 
170 9 60°0 900 34 59°4 2400 59 63°2 
290 14 57°9 1115 39 59°7 3060 64 61°6 
415 19 58°5 1345 44 61-0 3950 69 60°1 
550 24 59°4 1620 49 62-0 5460 74 56°2 
720 29 58°9 1920 54 64°1 7320 79 56°2 


Influence of Surface and Vessel Dimensions.—In each of the expts., 200 mm. of NO and 
200 mm. of CO were used. The temp. was 920°. The figures recorded are initial rates of 
reaction expressed as rate of press. change (mm./min.). 


Unpacked silica vessel ...........seseeseeeeeeeeeeeeeees 2-00 1°48 2°01 3°07 
Vessel packed with silica tubes .................0055 1°75 1-30 2°72 2°37 
Vessel filled with silica spheres ...............000005 2°80 1°72 3°80 2°91 





* The first experiments were made by T. E. Green and one of the present authors in 1926, but the 


investigation was not carried to completion. 
+ Cf. Hadman, Thompson, and Hinshelwood, Proc. Roy. Soc., 1932, A, 187, 96. 


§ Hinshelwood and Green, J., 1926, 730. 
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The various measurements made on different occasions with different prepns. of gases vary in 
such a way as to show the operation of an uncontrolled factor; but it is clear that the reaction 
is predominantly homogeneous. S 

Influence of Carbon Monoxide Concentvation.—Temp. 920°; initial press. of NO 200 mm. ; 
unpacked vessel. 


Initial press. of CO (mm.) ............06. 99 99 100 203 198 394 397 397 
Initial rate of reaction (mm./min.) ... 2°80 1°62 2°32 2°31 1°85 2°94 2°13 3°33 


The increase in rate with increase in initial CO is but slight. A similar series of expts. made 
with the sphere-packed bulb gave a rate varying as [CO]®*!* between 100 and 400 mm. Below 
100 mm. a more marked dependence on the CO press. becomes evident. 

Influence of Nitric Oxide Concentration. 

Temp. 920°; initial press. of CO 100 mm.; unpacked vessel. 


BaRsOR BERNE, CE TID ccccicscccccccccsvccnccoses 107 161 281 395 550 
BONNE BRD | Scciccaniaits shcenncesechendincscosdccelec 0°36 0°77 2-0 41 5:2 
Initial rate X 10®/[NO]?  ...........ceeeeeeeee 31 30 25 26 17 


The rate increases a little less rapidly than [NO]*. Logarithmic plotting gives a dependence 
upon [NO}!** approx. In other series of expts. values of 1-9 and 1-5 were found for this power. 
In the packed vessels the results were similar. 

Influence of Water Vapour. 

Temp. 920°; initial press. of NO 200 mm.; initial press. of CO 200 mm. 


Press. of H,O vapour ..........seeeeeeeeeeees 2 2 5 9 14 
Time for 25% reaction .........cccccccccecceee T’ 35” 7’ 48” 4’ 24” 3’ 11” 2’ 31” 
Initial rate (mm./MiIN.) ...........ceeeeeeeeeees 50 53 80 11°5 14-0 


In the absence of any added H,O vapour the time required for 25% change was about 
16 min. With the specially prepared NO this time lengthened to about 40 min. 
In all the vessels, packed and unpacked, H,O had a similar effect. The increase in rate on 
addition of H,O is almost linearly proportional to the H,O concn. 
Order of Reaction in Presence of Considerable Amounts of Water.—The rate of the rapid reaction 
taking place in presence of 10 mm. of H,O vapour is still nearly independent of the CO press. : 
Temp. 920°; [NO] = 200 mm.; [H,O] = 10 mm. 
PI UCAS dessccscccncnswasccccieccas 100 170 311 403 
NERS SIND CHER. PEER.) occ ccccccnrescscscseses 8-0 7°75 8°5 8°4 
and proportional to a power of the NO press. approaching the second; e.g., the following results 
give a rate which varies approx. as [NO]!:’. 
Temp. 920°; [CO] = 200 mm.; [H,O] = 10 mm. 
Tebtinl Drees. CF TI ccccccccseccsscces 421 320 286 211 161 105 68 
Initial rate (mm./min.) ............++. 32:1 24°6 19-2 10°8 79 3°9 1°4 


DIscussIONn. 


The nitric oxide does not decompose in the absence of carbon monoxide. Further, 
careful drying reduces the speed of the reaction to an extent which proves that at least a 
considerable proportion of the ordinary change is dependent on the presence of water. At 
920° small quantities of water will be converted almost completely into hydrogen by the 
action of an excess of carbon monoxide. Hydrogen is known to react with nitric oxide at 
a rate proportional to the square of the nitric oxide pressure. If there is enough carbon 
monoxide to convert all the water, the rate will be independent of the carbon monoxide 
concentration, as required. 

At 826° the value of & in the equation —d{[NO]/dt = k[NO]?[H,] is 1-3 x 10-7 when the 
concentrations are expressed in mm. of mercury and the time in seconds. The heat of 
activation is 44,000 cals. Hence, at 920°, & should be ca. 6-5 x 10-7. In an experiment with 
295 mm. of nitric oxide, an equivalent of carbon monoxide, and 10 mm. of water, the 
initial rate was 20-3 mm./min. pressure change, 7.¢., 40-6/60 mm. of nitric oxide changed 
per second. Thus [H,] in the equation 295? .[H,].6-5 x 10°? = 40-6/60 is 12 mm. Thus 
12 mm. of hydrogen in the hypothetical reaction correspond to 10 mm. of water in the actual 
reaction. It can at least be said, therefore, that the hypothesis predicts a reaction rate of 
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the right order of magnitude. Too much importance cannot be attached to the numerical 
agreement since it is doubtful whether the termolecular formula for the interaction of 
nitric oxide and hydrogen is valid when extrapolated to hydrogen pressures as low as those 
appearing in the present calculation. 

The hypothesis that the reaction proceeds by way of the hydrogen formed in the water- 
gas reaction is supported by the fact that bromine exerts a strong retarding action. 
Bromine converts hydrogen into hydrogen bromide which at the experimental temperature 
is very little dissociated. 

One point only remains difficult to explain. From the method of preparation of the 
nitric oxide, it would have been expected that most of the water would be introduced with 
this gas. Thus, when the nitric oxide concentration is varied the concentration of water 
vapour should be varied in the same proportion. If the rate, as well as being proportional 
to [NO]? is proportional to the pressure of water (7.e., hydrogen), we should expect 
proportionality to the cube of the concentration of the undried nitric oxide. It will not 
do to suppose that the rate is really proportional to [NO] and that the [NO]? found 
means [NO] [H,O contained in it], because the order of reaction is unchanged in presence 
of considerable amounts of added water, compared with which the amounts in the nitric 
oxide are negligible. Therefore we must conclude that for quite small pressures of water 
vapour there is much less than direct proportionality between rate and amount added. 
No complete explanation of this can be given, but the following causes, or a combination 
of them, are possible. First, although the water may be converted into its equivalent of 
hydrogen by the carbon monoxide, the rate of the reaction between the nitric oxide and 
the hydrogen may not be directly proportional to the hydrogen pressure at such low 
concentrations. (Hinshelwood and Green found deviations as the pressure of hydrogen 
was reduced, but attributed them to the concurrence of a surface reaction.) Secondly, . 
the pressure of water prevailing in the reaction vessel may be determined much less by 
the small amounts added with the nitric oxide than by the amount retained by the walls 
after a normal evacuation. The adsorption relations between a mass of hot silica and minute 
amounts of water can hardly be predicted, but there is nothing inherently improbable in 
supposing that, with a constant technique of working, the surface might provide through a 
series of experiments something simulating a constant vapour pressure of water. Thirdly, 
by some complex process the silica surface might “‘ buffer ” the system against variations, 
over a moderate range, in the minute quantities of hydrogen produced from the water. 
Since the further elucidation of the matter would be very laborious, it was not pursued, 
because there seems to be little doubt about the essential parts of the reaction mechanism, 
even if this detail remains obscure. 

SUMMARY. 


The reaction between nitric oxide and carbon monoxide at 920° is sensitive to the 
presence of small quantities of water vapour. The mechanism of the change appears to be 
CO + H,O = CO,+ H,; 2NO+ 2H, = N,+2H,0. The latter reaction, which is 
termolecular, has already been studied. 

Most of the results relating to the kinetics of the reaction between nitric oxide and 


carbon monoxide can be satisfactorily explained by the hypothesis. 


We are indebted to the Royal Society and to Imperial Chemical Industries, Ltd., for grants. 
[Received, December 13th, 1932.] 





19. The Rates of Detonation in Carbon Monoxide—Oxygen Mizxtures. 
By CoLin CAMPBELL, CLIFFORD WHITWORTH, and DONALD W. WoopHEAD. 


Various methods have been used to initiate detonation in gaseous mixtures. The simplest 
is that used originally by Berthelot and Vieille (Compt. rend., 1882, 94, 101), in which the 
mixture is ignited by an electric spark at one end of a long tube. When the mixtures 
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are fired in this manner, the length of run of flame before detonation is established depends 
upon the composition of the gas mixture and may be inconveniently great, as, e.g., with 
mixtures of carbon monoxide and oxygen. In order to shorten this length, Payman 
(Proc. Roy. Soc., 1928, 120, A, 90) and Bone and Fraser (Phil. Trans., 1931, 230, A, 363) 
have used explosive “ detonators’; with hydrogen-oxygen and methane-oxygen mixtures 
detonation is thereby set up almost immediately. For the same purpose Bone and Fraser 
(Proc. Roy. Soc., 1931, 180, A, 542) have used a “‘ detonating box ”’ consisting of a labyrinth 
of baffle plates inside a metal chamber. 

Detonation can also be fairly readily established in a carbon monoxide-oxygen mixture 
by introducing around the spark gap, before ignition, a small amount of electrolytic gas 
or similar mixture (cf. Dixon, Phil. Trans., 1893, 184, A, 171). This method has been 
adopted in the present experiments, which were designed for the measurement of the rates 
of detonation in carbon monoxide-oxygen mixtures, with the mixtures 2H, + Og, 
CH, + 60,, and C,H, + O, as initiators. The velocity in any given mixture was found to 
be independent of the particular initiator used. 


The apparatus was as follows: A steel firing piece at the closed end of the tube system was 
attached by a screw-thread to a 3-m. length of Cu tube; then followed 225 cm. of glass tubing, 
in the final 150 cm. of which the velocity measurements were made. This was followed by a 
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length of tubing (in some expts. of Pb 5 m. long, and in others of glass 2-4 m. long) bent round 
and terminating in a second 150-cm. length of glass tubing, placed immediately below the previous 
one. This second glass tube enabled a further velocity measurement to be made. The tubes 
were all 1-5 + 0-05 cm. in bore and special care was taken to make the joints between the various 
sections of the gallery smooth and rigid. 

The flames were photographed on a drum camera accurately alined with the tubes and 
rotated at a known peripheral speed of about 80 m./sec. If the photographic trace due to the 
flame front was perfectly straight, it was assumed that detonation had been fully established in 
the mixture. 

All the mixtures used, except C,H, + O,, were stored over H,O at ca. 15° and, after standing 
several hours, were, in general, led straight to the explosion gallery. They contained not more 
than 1% of N. Ina few cases the mixtures from the gas-holders were passed through several 
CaCl, drying tubes. No difference in velocity was obtained between the “ dry ” and the moist 
mixtures, although similar variation in moisture content is known to have a marked effect on 
the initial speed of inflammation (Payman and Wheeler, J., 1932, 1835). 

The results are in Table I, and in most cases velocities are given for the two glass tubes. 
In those cases where no velocity is recorded for the first glass tube, detonation had not been fully 
established when the flame entered the tube; the flame either traversed the tube as a “ slow 
flame ’’ or gave place to detonation at some point along its length. The second glass tube was 
not used in all the expts. 

The mean velocities for the different mixtures are plotted against their compositions in Fig. 1. 
The curve indicates that there is an almost linear increase in velocity from 1710 m./sec. for the 
mixture containing 50% to 1770 m./sec. for that containing 80% CO. The increase is small— 
only 60 m./sec.—and there is no evidence from the curve, or from individual results, that 
there is a sudden increase in velocity with any given mixture. A similar smooth curve, showing 
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an approx. linear relationship between velocity and compn. over the main portion of the range 
of detonation, has been found for mixtures of CH,, C,H,, C,H,, C;Hj., CgH,, (CN),, or H with O 
(Dixon, Joc. cit.). 








TABLE I. 
Rates of detonation in carbon monoxide-oxygen mixtures with initiation by “‘ electrolytic 
jiring.” 
Velocity (m./sec.). Velocity (m./sec.). 
Initiating 1st Glass 2nd Glass Initiating Ist Glass 2nd Glass 
CO, %. mixture. tube. tube. Mean. CO, %. mixture. tube. tube. Mean. 
500 2H,+0, 1710 1710 757 C,H,+0O, 1770 1770 
551 2H,+0, 1708 1723 1716 + — 1755 | 1761 
602 2H,+0, 1765 1735 ” = 1750 
o 1730 1735 1736 776 C,H,+O, — 1790 
a 1722 1730 2H,+0O, 1770 ae 1768 
637 C,H,+0O, 1737 _ ” 7 
ee? 1937173711746 ” wen 1750 
a 1780 1740 797 C,H, + O, on 
66-2 CH,+60, 1740 —_ \ 1758 ” ‘ae | 
" — ia : 1762 1768 
67°6 C,H,+0O, 1750 1750 “ 1760 | 
” — 1765) 1957 ‘ — 1703 | 
2H, + O, nb sii | 2H,+0, 1770 1790 
744 2H,+0, — 1770-1770 — er 2 | ein 


In all cases the curves show a max. for one particular mixture; further addition of com- 
bustible gas results in diminished velocity. With H and CO mixtures the max. is very ill- 
defined and this, in the case of H, is known to be in accord with calculations. Below are given * 
the velocities in H—O mixtures calculated by Jouguet’s method (J. Math., 1905 and 1906), 
and these are compared with the velocities observed by Dixon (loc. cit.) in Pb tubes of 9 mm. 
and 13 mm. bore. In view of the recent results of Bone and Fraser (loc. cit.), velocities in a 
15-mm. tube may all be slightly higher. 


Explosion-wave velocities in hydrogen-oxygen mixtures (m./sec.). 


ies Me ‘aintaeacibotnssnseseiarsecid 80°0 85°7 88:9 90:0 90°9 91°7 92°3 93°3 
ena (Tube bore 9mm.) ... 3268 3527 

” ” ” 13 ” eee 3532 
RIES Acisiencadennabacsctdunatianenasen 3300 3530 3550 3590 3620 3610 3600 3590 


The calc. agree well with the obs. values where comparison is possible and show that with 
H there may be an ill-defined max. Since these calculations are based solely on the assumption 
that the reaction occurring is 2H, + O, = 2H,O, it follows that the max. is merely due to 
the fact that at some point the increase in velocity due to the addition of the lighter gas, H, 
is more than counterbalanced by the diminution in velocity due to the reduction in the heat 
available. 

There seems no reason to think that a similar explanation cannot also account for the observed 
velocities in CO—O mixtures. Moreover, since the density of CO is only slightly less than that 
of O, any max. might be still more ill-defined than in the case of H. Beyond the max., the limit 
of detonation is almost reached, which probably explains the rapid fall in velocity shown by 
the values in Table I. There is some divergence between the velocity observed in the mixture 
2CO + O, and that calculated by Jouguet’s method, which, as we have shown recently (Proc. 
Roy. Soc., 1932, 187, A, 380), may be due to uncertainties in the sp. heats and in the validity of 
the gas laws at the temp. of the reaction. In 2CO + O, the calc. velocity is 1660 m./sec., or 
90 m./sec. below the obs. velocity, 1750 m./sec. But throughout the detonating range there is 
a close similarity in the differences between the calc. and the obs. velocities; e.g., in 3CO + O, 
the calc. and obs. velocities are 1710 and 1770 m./sec., respectively. 

Whilst this explanation seems quite adequate to explain our results, an alternative point 
of view has recently been put forward by Bone and Fraser (Proc. Roy. Soc., 1931, 180, A, 542). 
They suggest that ‘‘ in the case of moist carbonic oxide-oxygen mixtures the point of maximum 
flame speed is principally determined, not by the density of the medium, nor by the flame 
temperature, nor yet by the suppression of CO,-dissociation nor the like, but rather by the 
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CO concentration itself. And such a conclusion points to the combustion of moist carbonic 
oxide being conditioned by a prior excitation of its molecules, which are then, but not otherwise, 
rendered combustible.’”’ This conclusion was supported by their exptl. results, which show a 
marked maximum speed with about 75% CO, the speed—composition curve exhibiting a sharp 
peak at that percentage. A few relatively high values also appear in our results, but since it 
has not been possible to reduce the exptl. error below 1%, we believe that no conclusions should 
be drawn from these individual results and that the smooth curve drawn through the mean 
velocities for each different mixture is a more correct representation of the facts. No sharp 
peak is disclosed by this curve at 75% CO and since the only important difference in exptl. 
method was the mode of initiation of detonation, it appeared desirable to extend our experi- 
ments by using a detonating box and 12-5-mm. tube similar to those used by Bone and Fraser. 

The arrangement of the explosion tube was as follows: A short ebonite tube containing a 
spark gap was attached to one end of the rectangular detonating box, which was constructed of 
a series of flat brass plates. To the other end of the box was screwed a steel tube, 12-5 mm. in 
internal diameter and 3-2 m. long, to which was jointed the glass tube, 1 m. long, in which the 
flame was photographed. The action of the detonating box appears to be the provision of a series 
of shock waves, set up after the initial inflammation of the gas, which give rise to rapid successive 
accelerations of the flame, thereby leading very quickly to the establishment of detonation. 
The results of the determinations using this method of initiation are given in Table II. The 
mean values, which are plotted in Fig. 2, are more variable than those in Fig. 1. However, 
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the agreement with our earlier values is satisfactory, although the short downward bend of the 
curve after the max. velocity begins at a slightly lower percentage of CO. There is no pro- 
nounced peak at the 75% CO mixture. 

TABLE II. 


Rates of detonation in carbon monoxide-oxygen mixtures with initiation by 
“* detonating-box.” 


Velocity (m./sec.). Velocity (m./sec,). Velocity (m./sec.). 
co, %. Mean. Co, %. Mean. Co, %. Mean. 
54°0 1735 1735 68°8 1767 75°2 1764 
60°3 1749 1749 1745 - 1756 1786 1769 
63°4 1730 1730 1755 saael 
66°6 ad 1736 71°8 1750 1750 1756 
1740 73°3 1763 1763 7-7 ag 1762 
1758 
79°7 1740 1740 
SUMMARY. 


The rates of detonation of various mixtures of carbon monoxide and oxygen have been 
determined. As for many other detonating gas mixtures, the speed—composition curve 
shows an almost linear increase of speed with increase in percentage of combustible gas 
over most of the detonating range; and, as with hydrogen—oxygen mixtures, the speed 
appears to be determined mainly by the calorific value and density of the mixture. 


The authors thank Messrs. Imperial Chemical Industries, Ltd., for a grant. 
UNIVERSITY, MANCHESTER. [Received, November 10th, 1932.) 
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20. The Configurations of the Aldoximes, from Measurements of Electric 
Dipole Moment. 


By T. W. J. TAyLor and L. E. Sutton. 


In an earlier paper (Sutton and Taylor, J., 1931, 2190) measurements were recorded of 
the molecular electric dipole moments of the N-methyl ethers of the two geometrically 
isomeric ~-nitrobenzophenoneoximes, and it was pointed out that the large and very 
striking difference between the values obtained («-ether, py = 6-60 x 10718 e.s.u., 6-ether, 
u = 1-09 x 10°18 e.s.u.) could only be accounted for by assigning the configuration (I) 


to the «-ether and (II) to the isomeric 6-ether. 
ONC >oPh one 


” one > 


O<NMe MeN+>O 


Since, in this case, each oxime gives only one O-ether and one N-ether on methylation, 
from this result it was possible to assign structures to the oximes themselves and to ascer- 
tain the groups which participate in the Beckmann transformation of the oximes. The 
conclusion so reached as to the configuration of ketoximes in general agrees with those 
drawn from all other recent work on this subject (see, inter alia, Meisenheimer, Theilacker, 
and Beisswenger, Annalen, 1932, 495, 249) and the total mass of the evidence is so great 
that it would seem that the configuration of the ketoximes is now settled quite definitely. 

The configurations of the geometrically isomeric aldoximes are not, however, known with 
any such certainty (for a short discussion of the evidence see Taylor, Winckles, and Marks, 
J., 1931, 2778). With these oximes a direct appeal to the values of the electric moments 
of the N-ethers is impossible, because in no case are the two isomeric N-ethers of an 
aldoxime known, and there is no method of establishing unambiguously to which of the two 
aldoximes the one known N-ether is related in configuration. The two isomeric O-ethers 
derived from an aldoxime can, however, be obtained, and since, unlike the oximes them- 
selves, they are not associated in solution, their electric moments can be measured. These, 
by themselves, however, do not enable us to determine the configurations, for, owing to our 
lack of knowledge of the moments of the component covalencies, and of the complicating 
effect of rotation of the methyl group about the N-O axis, it is impossible to predict a priori 
which should have the larger moment. Since, however, we can take the configurations of 
the ketoximes as firmly established, we know the configurations of the O-methy]l ethers of 
the ketoximes, if we assume that O-methylation does not change the configuration (evidence 
for the truth of this assumption is mentioned below) and then, by comparing the electric 
dipole moments of a pair of isomeric O-methyl ketoximes with those of the pair of related 
O-methyl aldoximes, we can obtain very clear evidence as to the configurations of the 
aldoximes themselves. 


TABLE I. 
p Xx 10%8, 


(III.) ONC >-CPh a-O-Methy]-p-nitrobenzophenoneoxime 3°75 


_- 


(IV.) ONC >-CPh B-O-Methyl-p-nitrobenzophenoneoxime 4:26 
ius 
Difference 0°51 
(V.) ONC >-cH B-O-Methyl-p-nitrobenzaldoxime 3°39, 
MeO I 
(VI.) ONC >-CH a-O-Methy1-p-nitrobenzaldoxime 3°88, 
hoes 


Difference 
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The substances investigated were the O-methyl ethers of the p-nitrobenzophenone 
oximes and of the p-nitrobenzaldoximes; the results obtained and the argument used are 
shown in Table I. 

The configurations of (III) and (IV) are taken as known. Their electric dipole moments 
differ by 0-51 x 1078 e.s.u. In the closely related aldoxime derivatives, (V) and (VI), 
which differ only in the substitution of a phenyl group by a hydrogen atom, the moments 
show the same difference, within the limits of experimental error. Hence it is difficult to 
avoid the conclusion that the aldoxime and ketoxime derivatives with the smaller moments 
have a similar configuration, and those with the larger moments the opposite configuration. 
Thus, the configurations of the aldoxime derivatives must be those shown in (V) and (VI). 
Again, it being assumed that there is no change of configuration on methylation, this leads 
to the conclusion that the configurations of the p-nitrobenzaldoximes are those shown 
in (VII) and (VIII), and since the 6-oxime is that one whose acetyl derivative loses acetic 
acid under the action of sodium carbonate, the further conclusion is reached that this 


aa 9 ONO 


HO-N N-OH 
(VII.) B-p-Nitrobenzaldoxime (VIII.) a-p-Nitrobenzaldoxime 


loss involves groups in the anti-position to one another, and that the original configurations 
allotted by Hantzsch and Werner must be reversed. Since this result agrees with all the 
other available evidence on the subject, it may be concluded that the question of the 
configurations of the aldoximes is settled beyond reasonable doubt. 

Evidence that there is no change of configuration when an oxime is methylated is 
afforded by the work of Brady and Muers (J., 1930, 216, 1599) on the properties of the 
methyl ethers of the benzildioximes. It is now well established that in the nickel derivative, 
R,Ni, of «-benzildioxime the attachment of the dioxime residue to nickel is as shown in 
IX (Hieber and Leutert, Ber., 1929, 62, 1839), and that such a derivative is formed by the 
a-dioxime and not by the $-isomeride because the former has the structure (X), in which 
the space arrangement is already suitable for such attachment to take place. 


Pht Ph —— ONC oH 
(IX.) HON Feo HO-N N-OH O<N-Me 
Ni (X.) (XI.) 
4% 


Now Brady and Muers found that mono-O-methylation of «-benzildioxime gave an ether 
which is still capable of forming the complexes R,Ni and R,Co. Hence it seems clear that 
the configuration of the O-ether corresponds to that of the parent oxime. It must be 
emphasised, however, that if the unlikely assumption is made that O-methylation always 
causes reversal of configuration, then the conclusions of this paper are unaffected, since the 
reversal will have taken place with both the ketoximes and the aldoximes. It is only on 
the still less likely assumption that methylation has reversed the configuration in the 
ketoximes and not in the aldoximes, or vice versa, that there can be any uncertainty. 

Finally, it should be pointed out that the differences in moment which form the basis 
of the argument, though small, can be measured with ample accuracy because the molecules 
contain a nitro-group of large moment and thus the total polarisation is large (see Experi- 
mental). Further the differences can hardly be affected by uncertainty as to atom polaris- 
ation because the molecules in each pair are of precisely the same chemical type and 
complexity. 

The results obtained establish a further point, the relationship of the one N-methyl 
ether which can be obtained from a pair of isomeric aldoximes. In the former paper it 
was recorded that N-methyl-p-nitrobenzaldoxime has an electric moment of 6-4 x 107% 
e.s.u., and thus must have the configuration (XI) ; it thus follows that the N-ether is related 
in configuration to the B-aldoxime, as has been suspected previously. 























Measurements of Electric Dipole Moment. 65 


EXPERIMENTAL. 


The O-methyl-p-nitrobenzophenoneoximes were obtained as described in the earlier paper, 
a-O-methyl-p-nitrobenzaldoxime by the method of Brady, Dunn, and Goldstein (J., 1926, 
2398) and the isomeric B-ether by the action of Mel on the Na salt of the B-oxime (Brady and 
Dunn, J., 1913, 103, 1625). 

The samples used for the measurements were recrystallised four times; the 
observed m. p.’s were: «-O-methyl-p-nitrobenzophenoneoxime 93° (from MeOH), 8-isomeride 
96° (from MeOH); «-O-methyl-p-nitrobenzaldoxime 105° (from C,H,), B-isomeride 70° (from 
acetone + H,O). 

The dipole moment measurements were made with the apparatus and technique described 
by Sutton (Proc. Roy. Soc., 1931, [A], 133, 668) in CgH, solution at 25°. In the following tables 
the symbols are those used in the previous paper, with the addition of P, , 9 for the sum of 
the atom and orientation polarisations, 7.e., the difference P, — .P3. 


p-Nitrobenzophenone-a-oxime O-methyl ether. 


‘ & . é. n. Py oP»: 
0-0108 0°8829 2°4957 1°50531 352 73°7 
0:0076 0°8802 2°4309 1°50427 354°5 72°7 
0°00524 0°8782 2°3811 —- 359 — 


P, at infinite dilution = 365+ 2; .P, = 73-2+0°5; Py.o = 292 + 25; 
u = 3:75 + 0-02 x 10 Bes.u. 


p-Nitrobenzophenone-B-oxime O-methyl ether. 


0-0164 0°8874 2°7107 150710 424 74°3 
0°0122 0°8838 2°6005 150596 431°5 74°0 
0-0084 0°8807 2°4980 1°50477 437 74°9 


P, at infinite dilution = 451 42; .P, = 74-440-5; Py. o = 3766 + 2-5; 
u = 4:26 + 0-02 x 10-8 es.u. 


p-Nitrobenzaldoxime a-O-methyl ether. 


0°02175 0°8864 2°7498 1°50573 336 50°3 
0-01663 0°8834 2°6375 1-50478 342 50°1 
0°0115 0°8804 2°5251 150401 348 50°3 
0°0079 0°8783* 2°4452 — 350 = 


P, at infinite dilution = 363 +2; .P,= 502401; Py.o = 313 +2; 
wu = 3-88, + 0-01 x 108 es.u. 


p-Nitrobenzaldoxime 8-O-methyl ether. 


0:0208 0°8862 2°6256 1°50542 275 49°5 
0°0155 0°8830 2°5357 1°50437 278 48°9 
00108 0°8801 2°4560 150363 281 49°1 
0°0076 0°8782* 2°4016 — 283 — 


P, at infinite dilution = 288 +1; .P, = 492+05; Py.o = 239+1-5; 
up = 3:39, + 0-01 x 10-8 e.s.u. 


* Taken from the density—molar fraction graph. 


The refractivities of the isomeric ethers differ by small amounts; the sense of these differences 
is the same as that found by von Auwers and Ottens (Ber., 1924, 57, 459) for similar isomerides. 
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21. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part X. Formation and Decomposition of 
Dibenzyldiallylammonium Hydroxide. 


By L. Hey and C. K. INGOLD. 


ALLYL and benzyl groups behave similarly to each other in many reactions and the present 
experiments were designed to determine whether allyl alcohol or benzyl alcohol would be 
preferentially eliminated from an ammonium hydroxide containing two radicals of each 
kind. 

The preparation of dibenzyldiallylammonium hydroxide involved certain unexpected 
observations. Von Braun and Schwarz (Ber., 1902,35, 1279) have described the preparation 
of dibenzylallylamine from dibenzylamine and allyl iodide. Reaction between these 
substances proceeded easily, but the saline product was the hydriodide not of dibenzyl- 
allylamine but of dibenzylamine, and this result could not be altered by wide variations 
in conditions. Other results of a similar character are described in the experimental 
section, and, no matter in what order we attempted to introduce the radicals, we found it 
impossible to prepare dibenzylallylamine. 

The other possible tertiary basic intermediate, benzyldiallylamine, was, however, readily 
obtained by the action of benzyl bromide on diallylamine in nitromethane, and further 
benzylation in the same solvent produced dibenzyldiallylammonium bromide. 

Thermal degradation of the hydroxide yielded a singular result. The allyl group was 
preferentially eliminated, though it appeared in part as acraldehyde (compare Collie and 
Schryver, J., 1899, 75, 776), and no benzyl alcohol could be detected. The basic product, 
however, was not the expected, but still elusive, dibenzylallylamine : it was dibenzylamine, 
two allyl groups having been lost in the reaction. Comment is deferred, as other examples 
of this unique decomposition are being sought. 


EXPERIMENTAL. 


Action of Allyl Iodide and Allyl Bromide on Dibenzylamine.—The reaction with allyl iodide 
was carried out.as described by von Braun and Schwarz (/oc. cit.). We conducted it also in the 
absence of a solvent, in Et,O solution, and in MeNO,, at temp. varying in each case from 0° 
to near the b. p. The halogen-content of the salt, which was pptd. completely by the addition 
of dry Et,O, was const. throughout this range of conditions (Found: I, 39-2 + 0-2, extreme 
range. Calc. forC,,H, NI: I, 34-8; and forC,,H,,NI: I, 39-1%) and in many expts. the yield 
was almost quantitative. The salt on basification gave substantially pure dibenzylamine 
(comparison), b. p. 170°/10 mm., and on treatment with sodium picrate yielded dibenzylamine 
picrate (comparison), m. p. 141—142°. A similar and equally extensive series of expts. with 
allyl bromide gave parallel results. The remaining product was amorphous. 

Action of Allyl lodide and Allyl Bromide on Benzylamine.—These expts. were in all respects 
similar to the foregoing, the hydrohalide formed being converted into picrate, m. p. 199—200°, 
for identification (comparison) as benzylamine picrate (Found: C, 46-2; H, 3-6. Calc.: C, 
46-6; H, 36%). 

Action of Benzyl Bromide on Benzylallylamine.—Gabriel and Eschenbach’s method of prepn. 
of allylamine (Ber., 1897, 30, 1124) was found the most convenient. The base was converted 
into benzylallylamine by interaction with N-nitroso-N-benzylacetamide and subsequent 
hydrolysis (Paal and Apitzsch, Ber., 1899, 32, 79). The action of benzyl bromide on this base 
in MeNO, solution at 30° yielded only benzylallylamine hydrobromide (Found: Br, 35:1. 
Calc. : Br, 35-1%) and a product which could not be crystallised. The identity of the salt was 
further confirmed by conversion into the picrate (comparison), m. p. 185°. 

Benzyldiallylamine.—Diallylamine was prepared via diallylcyanamide by Vliet’s method 
(‘‘ Organic Syntheses,” V, 44). The reaction with benzyl bromide in Et,O yielded diallylamine 
hydrobromide (Found: Br, 44-9. Calc.: Br, 44-9%), but with MeNO, as solvent combination 
readily occurred and on addition of Et,O the tertiary salt was pptd.asa gum. This was collected 
and basified with 50% KOH aq., and the benzyldiallylamine, b. p. 121—124°/20 mm., character- 
ised as picraie, m. p. 114° after crystn. from MeOH (Found: C, 54-5; H, 5-0. C,H O,N, 
requires C, 54-8; H, 48%). 
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Dibenzyldiallylammonium Salis.—Benzyldiallylamine (1 part) and benzyl bromide (1 part) 
were mixed in MeNO, (2 parts). After a short time EtO, was added and the gummy ppt. was 
dissolved in EtOAc and repptd. in a cryst. form by the slow addition of light petroleum. Di- 
benzyldiallylammonium bromide (yield, about theo.) is moderately sol. in cold H,O and readily 
sol. in hot H,O and EtOH (Found: Br, 22-8. C, 9H,,NBr requires Br, 22:3%). The picrate, 
pptd. by the addition of aq. sodium picrate to a solution of the bromide, separated from the 
EtOAc-ligroin in needles, m. p. 143° (Found: C, 61-6; H, 5-2. C,g.H,.0,N, requires C, 61-6; 
H, 51%). 

eaieaiien of Dibenzyldiallylammonium Hydroxide.—The solution prepared from aq. 
dibenzyldiallylammonium bromide and a suspension in H,O of Ag,O (10% excess) was distilled 
to 170° (bath temp.) at atmos. press. and then under reduced press. The products were as 
stated in the introduction. The acraldehyde was identified as its p-nitrophenylhydrazone 
(m. p. and mixed m. p.) and resinous materials were also present. The dibenzylamine was 
identified as its picrate (m. p. and mixed m. p.) (Found: C, 56-1; H, 4:3. Calc.: C, 56-3; 
H, 4:2%). 
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22. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XI. Decomposition of Quaternary 
Ammonium Hydroxides containing the tert.-Butylcarbinyl Group. 


By C. K. INGoLD and C. S. PATEL. 


It has been suggested (Part I; J., 1927, 997) that in the decomposition of quaternary | 
ammonium hydroxides having hydrocarbon radicals without a 6-hydrogen atom the group 
which is more stable as a cation will be preferentially eliminated; but the examples given 
were not conclusive because benzyl, for instance, forms not only a more stable cation than 
methyl but also a more stable anion. A better comparison would be between methyl 
and primary alphyl groups, and the suggestion indicated would mean that the ethyl group, 
CH,>CHg, should ceteris pavibus be more readily eliminated than the methyl group, 
H—CH,, because in the former case the inductive effect represented by the arrow should 
stabilise the cation. Actually, the issue as between methyl and ethyl is confused by the 
circumstance that the latter has an alternative mode of elimination, but the ¢ert.-butyl- 
carbinyl group, the simplest primary alphyl group devoid of a §-hydrogen atom, has not 
this disadvantage, and the argument illustrated for the ethyl group applies with greater 
force to this higher homologue, Me,C>CH,. We find that the decomposition of 
tert.-butylcarbinyltrimethylammonium hydroxide proceeds substantially in a single 
direction and that the alcohol eliminated is methyl alcohol. Thus the order of ease of 
elimination of the radicals concerned, CH,;>CMe,°CHg, is the reverse of that anticipated, 
and the circumstance that primary and secondary paraffin alcohols have never been observed 
to appear during the decompositions of ammonium hydroxides can, we think, despite the 
complication of olefin-elimination, be accepted as indicating an intrinsically smaller 
tendency in primary and secondary alphyl groups than in the methyl group to undergo 
elimination as an alcohol. On the other hand the case of the ¢ert.-butyl group (Part I, 
loc. cit.) will serve as a warning against incautious generalisation. The position of the 
benzyl group relatively to methyl and primary alkyl groups follows from our observation 
that benzyl-tert.-butylcarbinyldimethylammonium hydroxide decomposes to the extent 
of at least 90% in the direction leading to benzyl alcohol and the complementary amine, 
thus indicating the order, C,SH,-CH,>H-CH,>CMe,’CH,. 


EXPERIMENTAL. 
Preparation.—The most convenient route to /ert.-butylcarbinylamine and its methyl deriv- 


atives was found to be that which proceeds via pivalonitrile. Pivalic acid (‘‘ Organic 
Syntheses,” VIII, 108) was converted into its chloride, b. p. 103° (Butlerow, Annalen, 1874, 
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173, 373, who used PCl,, records 105—106°), by treatment on the water-bath with SOCI,, and 
thence into the amide, m. p. 155°, by means of well-cooled conc. aq. NH, and crystn. from H,O 
to remove NH,Cl. From the amide, the nitrile, m. p. 15°, b. p. 106°, was prepared (Butlerow, 
loc. cit.), and this was reduced (Freund and Lenze, Ber., 1890, 23, 2867; 1891, 24, 2156; Tissier, 
Ann. Chim. Phys., 1893, 29, 373) to the primary amine, b. p. 80 —82°, of which the hydrochloride 
had m. p. 274° (decomp.), the picrate, leaflets from alcohol, m. p. 205° (Found : C, 41-9; H, 5-15. 
C,,H,,0,N, requires C, 41-8; H, 5-06%), and the acetyl derivative, m. p. 75°. Methylation of 
the primary amine to the tertiary stage was accomplished by Eschweiler’s general method (Ber., 
1905, 38, 881), a mixture of the hydrochloride (10 g.) and paraformaldehyde being heated under 
reflux at 140° (bath temp.) for 3 hr. Treatment with conc. aq. KOH gave an oil consisting 
of tert.-butylcarbinyldimethylamine, which after drying with KOH and with Na had b. p. 96—97° 
(Found : C, 72-9; H, 14-6. C,H,,N requires C, 73-0; H, 148%). The hydrochloride, prepared 
in Et,O-EtOH and cryst. from EtOH, formed hygroscopic prismatic plates, m. p. 182° (Found : 
Cl, 23-15. C,H,,N,HCl requires Cl, 23-4%), the hydrobromide was obtained as hygroscopic 
needles, m. p. 170° (Found: Br, 40-8. C,H,,N,HBr requires Br, 40-8%), and the hydriodide as 
small crystals, m. p. 135° (Found: I, 52-8. C,H,,N,HI requires I, 52-3%). The picrate, 
pptd. from Et,O and cryst. from EtOH, formed stout needles, m. p. 193° (Found: C, 45-6; 
H, 5-9. Cy3H,,O0,N, requires C, 45-3; H, 5-8%). A mixture of the tertiary base (5 g.) and Mel 
(7 g.) was kept for 4 hr. at room temp. and the solid mass formed was ground with Et,O and 
crystallised from EtOH, tert.-butylcarbinyltrimethylammonium iodide (10 g.) being obtained 
as a microcryst. mass, m. p. 240° (decomp.) (Found: I, 49-1. C,H, NI requires I, 49-4%). 
Similarly the éert.-amine (7 g.) and benzyl bromide (12 g.) yielded benzyl-tert.-butylcarbinyl- 
dimethylammonium bromide, which, similarly purified, had m. p. 200° (decomp.) (Found: Br, 
27-7. C,,H,,NBr requires Br, 28-0%). 

tert.-Butylcarbinyldimethylamine was also obtained, though in small yield, by the action 
of ¢ert.-butylmagnesium chloride on dimethylaminomethy] n-butyl ether (McLeod and Robinson, 
J., 1921, 119, 1470). 

tert.-Butylearbinol, prepared by reduction of ethyl pivalate (Richards, Ann. Chim. Phys., 
1910, 21, 337), was converted into the iodide with red P and I, Tissier’s method (loc. cit.) being 
unsuccessful in our hands. On treatment with dimethylamine this iodide yielded the hydriodide 
of the original amine (cf. Noller and Dinsmore, J. Amer. Chem. Soc., 1931, 53, 1185; 1932, 54, 
1025). 

Decomposition of Hydroxides.—A solution of tert.-butylcarbinyltrimethylammonium hydroxide 
was prepared from the iodide (11-9 g.) and a small excess of Ag,O. Preliminary expts. having 
shown that the decomp. of the hydroxide yielded no gaseous products (substances which could 
be collected in dil. acid or Br after condensation of the aq. distillate), the hydroxide solution 
was distilled (bath temp. 150—200°) in the ordinary way. The distillate yielded 4-95 g. of 
pure /ert.-butylcarbinyldimethylamine and the basic residues, when worked up as hydro- 
chlorides, gave 0-82 g. of the salt of the same amine (total yield, 93%). The small loss appeared 
to be mainly mechanical, a careful search failing to reveal the presence of ¢ert.-butylcarbinol or 
trimethylamine. MeOH was found in quantity and identified as methyl p-nitrobenzoate. 

The decomposition of benzyl-tert.-butylcarbinyldimethylammonium hydroxide was conducted 
in the same way, and pure /ert.-butylcarbinyldimethylamine was isolated in 90% yield. Benzyl 
alcohol was isolated in quantity, but neither MeOH nor éert.-butylcarbinol could be obtained. 
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23. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XII. Decomposition of Quaternary 
Ammonium Alkoxides. 


By C. K. INGoLD and C. S. PATEL. 


PREVIous studies of quaternary ammonium compounds have shown that the proportion 
in which thermal decomposition proceeds according to the reaction (B) whereby a radical 
from the cation appears in association with the anion, or according to the alternative 
reaction (A), in which a radical from the cation is eliminated as an olefin, is strongly 
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dependent on constitutional influences. In particular it is known that a general change in 
reaction-direction in the sense B —-> A is observed on passing from an ammonium com- 
pound with a very feebly basic anion such as chloride towards one in which the anion has 
the strong basicity of the hydroxide ion, the cation being the same throughout. The hydr- 
oxide ion is the most basic of those hitherto investigated in this connexion, and the present 
experiments were undertaken in order to determine whether the aforesaid change in the 
direction of decomposition continues to progress in the same sense when the basicity of the 
anion is further increased, beyond that of hydroxide, to that of methoxide and ethoxide. 

Accordingly we have prepared trimethylethylammonium and _ trimethylisobutyl- 
ammonium methoxide and ethoxide. The four compounds decompose to give, on the one 
hand ethylene or isobutylene, and on the other a methyl or an ethyl ether, together with 
the complementary amine in each case (cf. Achmatowicz, Perkin, and Robinson, J., 1932, 
500). The proportion of reaction A, far from being notably greater than in the case of 
the ammonium hydroxides, was actually a few units % smaller (Table), and it appears that 
the replacement of reaction B by reaction A on increasing the basicity of the anion of the 
ammonium compound does not continue for anions more basic than hydroxide. 

The principal products of decomposition of benzyltrimethylammonium ethoxide are 
trimethylamine and benzy] ethyl] ether. 


Table : Percentage of Reaction A. 


Cation. pO ree OHS. OMe®. OEte. 
C,H,*NMe, 94 90 88 
iso-CyHy*N Me, 63 57 55 

EXPERIMENTAL. 


Ethyl- and isobutyl-trimethylammonium bromides (0-1 g.-mol.) were converted via the 
hydroxides into the chlorides, which after thorough drying were added to an equiv. of a solution 
of NaOMe or NaOEt in the appropriate Ca-dried alcohol. After filtration of the NaCl with 
precautions against access of moisture the solutions were completely distilled through the follow- 
ing train, viz., a condenser, a cooled flask containing dil. HCI, a reflux condenser, a second flask 
of dil. HCl, a second reflux condenser, a cooled flask containing Br, a second similar flask, a drying- 
tube, and an aspirator. At the end of the distillation the apparatus was swept through with 
10 vols. of dry air whilst the liquid in the HCl traps was kept gently boiling under reflux. The 
excess of Br was destroyed with ice and SO,, and the olefin bromide extracted with light ligroin, 
washed with NaHCO, aq. and H,O, and distilled. The figures in the two right hand columns of 
the table are based on concordant triplicate determinations of the yield of olefin bromide, and 
the figures under the heading OH® are taken from Ingold and Vass’s data (J., 1928, 3125). 
Amines and ethers could not be isolated quantitatively. 

Benzyltrimethylammonium ethoxide, prepared from the directly formed chloride, yielded 
65% of rectified benzyl ethyl ether, b. p. 185°, a large amount of trimethylamine, and a small 
amount of a less volatile base, presumably benzyldimethylamine. 
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24. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XIII. Decompositions of some 
Quaternary Ammonium Salts contuining the Methyl, Benzyl, and 
Benzhydryl Groups. 


By E. D. HuGues and C. K. INGOLD. 


THE preconception (Hanhart and Ingold, J., 1927, 997) that the groups named in the title 
would be eliminated from ammonium hydroxides in the order of preference CHPh,> 
CH,Ph>CH, had been verified for the last pair by Collie and Schryver (J., 1890, 57, 767), 
who obtained benzyl alcohol as the main product of the decomposition of benzyltrimethyl- 
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ammonium hydroxide; but they also isolated benzyldimethylamine, which proves that 
the reaction follows both the possible directions. Reinvestigation has confirmed this, 
and has shown that the ratio in which decomposition follows the two routes is as indicated 
below : 
R 8137C,H,OH + NMe,... . 65% o 
(CHyNMeJOHC GH + CHyNMe, of Total 100%. 

A complication, not mentioned by Collie and Schryver, was encountered in the production 
of benzaldehyde and benzyl ether, but these are regarded as derived from benzyl alcohol, 
the one by oxidation at the instance of traces of silver oxide, and the other by dehydration 
in the presence of electrolytes (Oddo, Gazzetta, 1901, 31, 348). 

The decomposition of benzhydryltrimethylammonium hydroxide attained perceptible 
speed at a temperature noticeably lower than did that of the benzyl compound; never- 
theless, the alcohol eliminated in greater proportion was not benzhydrol but methyl 
alcohol : 


tz 8 114C,3H, "OH NMe,... . 189 
(CH NMCQONQ MOH Cet, -NMey | | 5192} Total 60%. 


Two other products were isolated in addition to those represented in these equations. 
One was benzhydryl ether, which we regard as derived from benzhydrol: its equivalent 
in terms of benzhydrol has been allowed in deriving the figures given above. The other 
product (see below) represents a third mode of decomposition of the benzhydrylammonium 
compound, and accounts for the remaining 31% of material. 

We accepted the observations described above as an indication of a possible difference 
in the orders of the two reactions whereby benzhydryltrimethylammonium hydroxide 
yields alcohols—a difference such as would cause the proportions of the products to depend 
fundamentally on the concentration at which decomposition takes place. For reasons 
given in a later paper, our working hypothesis was that the elimination of benzhydrol is 
a reaction of the first order, its speed being proportional only to the concentration 


& 
[C,3H,,"N Meg], whereas that of methyl alcohol is a second-order process, the rate of which 


is governed by the activity product /, f_ [C,sH,,*NMe,][OH]. The decomposition of 
benzhydryltrimethylammonium hydroxide is not suitable for detailed dynamical study, 
but we have been able to apply two semiquantitative tests of the working hypothesis 
outlined. 

In the first place the decomposition was carried out in constant volume at different 
initial concentrations, which are shown in col. 2 of the first table. Col. 3 shows the propor- 
tions in which the decompositions pursue jointly the two directions leading to alcohols ; 
the defect of these percentages below 100 represents the extent to which the third side- 
reaction enters, and this assumes importance only in the case of the more concentrated 
solutions. Cols. 4 and 5 contain the proportions in which decomposition pursues the 
paths leading to benzhydrol and methyl alcohol respectively, expressed as percentages of 
the amount of reaction which follows these two routes jointly. 


Proportions of alcohols, %. 








Expt. Concn. Total yield 


No. {C,;H,,*"NMe,}"OH’. alcohols, %. Ph,CH-OH. CH,°OH. 
1 2°95N 73 52 48 
2 2°40N 93 62 38 
3 1:26N ca. 100 85 15 
4 0°69N te 89 11 
5 0°56N “a 91 9 


The figures show that the proportions in which benzhydrol and methy] alcohol are 
eliminated depend fundamentally on the concentration. The sense of the variation is 
evidently that required by our hypothesis relating to the different orders of the reaction 
concerned. It can, moreover, easily be shown that, within the limits of uncertainty due 
to the impossibility of exactly computing the disturbance caused by the third reaction 
on the dynamics of the other two, the magnitude of the variation found accords with that 
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expected. The whole result is in notable contrast to that recorded by von Braun, Teuffert, 
and Weissbach for decyltrimethylammonium hydroxide, the two directions of decomposi- 
tion of which maintain to each other a constant ratio independently of concentration 
(Annalen, 1929, 472, 121). 

The second test consisted in an examination of the effect of carrying out the decomposi- 
tion of benzhydryltrimethylammonium hydroxide in the presence of a constant concentra- 
tion of added potassium hydroxide. The method was the same as in the previous series 
of tests. According to our hypothesis concerning the orders of the reactions, the effect 
of the added potassium hydroxide should be to favour the formation of methyl] alcohol 
at the expense of the reaction leading to benzhydrol. As the following figures show, this 
phenomenon was observed, and once again the extent of the effect is, to within the limits 
of the inevitable uncertainties, of the expected magnitude : 








Concn. of Proportions of alcohols, %. 
Expt. - a Total yield 
No. {C,,;H,,"NMe,}"OH’. KOH. alcohols, %. CHPh,°OH. CH,°OH. 
4,5 0°66N nil ca. 100 90 10 
6 ‘ 3°92N 85 60 40 


It remains to consider the third side-reaction, which we regard as a manifestation of 
attack by the anion on the «-hydrogen atom of the benzhydryl group, followed by a re- 
arrangement effecting internal neutralisation of the dipole thus formed : 


@ 8 
{(C,H,)¢CH-NMe,}OH—> [(C,H,)C-NMe,]—> (C,H,),CMe-NMe, 


Stevens has described many migrations of this character, and all the circumstances of 
reaction which he and his collaborators have elucidated are in excellent agreement with 
the theory of «-proton attack (J., 1928, 3193, e¢ seg.). Ingold and Jessop, who studied 
a-proton attack in the 9-fluorenyl series, found that solutions of 9-fluorenyltrimethyl- 
ammonium hydroxide were deeply coloured and presumed the existence in this case of a 


8 
rather stable intermediate dipole, (C.H,)oC-N Me,, the sulphonium analogue of which, 


ee 
(CgH,).C*SMe,, they subsequently isolated (J., 1929, 2357; 1930, 713). It has since been 
found that the last substance is readily methylated on its negative carbon atom by an 
external methylating agent (Kuriyan, Dissert., London, 1932). 

Thus the intrinsic probability of the interpretation suggested is very great; but 
formal proof of the constitution of the basic product is lacking. We hoped to obtain it 
by methylation and conversion of the methohydroxide into ««-diphenylethylene and tri- 
methylamine, but the neutral product of this decomposition was actually a new crystalline 
dimeride of diphenylethylene : 


® 8 
2{(CgH;)sCMe-NMe,}OH—> (C,4H,9). + 2NMe, + 2H,O 


An indirect confirmation of the assigned structure may, however, be derived from the 
example next considered. 

Benzhydrylbenzyldimethylammonium hydroxide has three possible ways of elimin- 
ating an alcohol, and we find that decomposition proceeds along all three routes : 


_7 CygHlyy'OH + C7HNMey 
Sa MeOH + C,gH,"N(C,H,)Me 


In addition there is a fourth simultaneous reaction which is shown later to involve 
migration. 

As in the example already considered, the extent to which decomposition follows the 
route leading to benzhydrol depends fundamentally on concentration, this reaction 
predominating in dilute solution. At an initial concentration of 0-5N, the yield of 
benzhydrol was 80%; at concentration 1-8N, it was only 50%; by prior concentration 
of the solution to a syrup and addition of solid potassium hydroxide before decomposition, 
the proportion was depressed to under 10% 


{C1gH,,"N(C;H,)Me,}OH < 
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The migration-reaction was found to be generally more pronounced in this example 
than in the preceding one, although once again it assumed its chief importance in the 


experiments with concentrated solutions : 


® 8 
{(CsH,),CH-N(CH,C,H;)Me,}0H—+> (C,H,).C(CH,*C,H;)*NMe, + H,0. 


The methohydroxide of the tertiary basic product underwent decomposition in two 
directions yielding, on the one hand, methyl alcohol and the original tertiary base, and on 
the other, trimethylamine and triphenylethylene, the definite identification of which 
establishes the general character of these decompositions of benzhydrylammonium com- 


CH cen oMe 1347 CeH~'CH:CPh, + NMe, + H,0 
{CoH -CHyCPhy-NMes}OH— ¢*11'-CH,-CPh,-NMe, + MeOH 


pounds : 


Finally, it is of interest to compare this decomposition with that of $-phenylethyl- 
trimethylammonium hydroxide, which proceeds at a considerably lower temperature and 


in one direction only : 
2 8 
{C,H,*CH,°CH,*N Me,}OH—> C,H,°CH:CH, + NMe, + H,O 


Evidently the incipient ionisation of the 8-hydrogen atom in the 6-phenylethyl group is 

much more pronounced than in the ««$-triphenylethyl group, and this inference is sig- 

nificant confirmation of the general picture of olefin elimination given by Hanhart and 

Ingold (Part I, loc. cit.). In the system C,H,*CH,>CH,>N@, the ammonium pole 

attracts electrons from C,, the charge on which is relayed to Cg by continued induction ; 

but in the «-phenylated system C,H,*CH,—CPh,>N®@ the charge conferred by the pole 
( 


on Ca will be so largely decentralised by distribution over the attached benzene rings 
(just as, e.g.,in Ph,C@; cf. Burton and Ingold, Proc. Leeds Phil. Soc., 1929, 421) that little 
is left for relay to Cg: 
oe 
Rear Ave 
~ By ? 


EXPERIMENTAL. 


Decomposition of Benzylirimethylammonium Hydroxide.—The corresponding chloride, which 
gave a picrate, m. p. 170° (Found: C, 50-9; H, 4-8; N, 15-1. Calc.: C, 50:8; H, 4:8; N, 
14:8%), was treated with an aq. suspension of CO,’-free Ag,O, and the filtered 
{CH,Ph-NMe,}"OH’ solution was standardised acidimetrically and decomposed in the usual 
way. Reaction commenced at 145° (bath temp.) and was completed at 180° in a current of 
N. The product collected in dil. HCl was extracted with Et,O, and the aq. portion partly 
distilled. In the distillate MeOH was qualitatively identified, and in the residue Me,N was 
estimated by basification and passage of the volatile amine into a solution of Mel in MeCN, 
the Me,NI thus formed being completely pptd. by the addition of Et,O (Found: C, 23-9; 
H, 5-9; I, 63-6. Calc.: C, 23-9; H, 6-0; I, 63-2%). The residual CH,Ph-NMe,, which was 
extracted with Et,O, had b. p. 176—178°. The neutral product yielded, in addition to 
CH,Ph-OH, some Ph-CHO, b. p. 175—183° (phenylhydrazone, m. p. and mixed m. p. 156°), 
and (CH,Ph),O, b. p. 290—295° (Found: C, 84-6; H, 7-1. Calc.: C, 84:8; H, 7-1%). 

Benzhydryltrimethylammonium Salts —Benzhydryl bromide was prepared by direct bromin- 
ation of CH,Ph, (Henderson, J., 1891, 59, 731), and also by warming an HOAc solution of 
CHPh,-OH and excess of HBr for a few hr., cooling, collecting the crystals, and washing them 
with ligroin. Sommelet (Compt. rend., 1925, 180, 76) prepared {CHPh,-NMe;}"Br’ from 
CHPh,Br and NMe, in C,H,, and also from CHPh,-NMe, and MeBr in C,H,, but gives no 
analysis of the salt. We found the former reaction slow in C,H,, and although the reaction 
in MeNO, was rapid the yield of salt was impaired owing to the formation of (CHPh,),O, m. p. 
and mixed m. p. 109° (Found: C, 88-5; H, 6-3. Calc. for C,,H,,0: C, 89-1; H, 63%); 
however, smooth and rapid interaction took place in MeCN and the salt, which partly crystallised, 
was completely pptd. with Et,O, and the whole washed with Et,O and crystallised from acetone. 
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The bromide (Found : C, 62-3; H, 6-9; N, 4-7; Br, 25-5. C,,H,)NBr requires C, 62-7; H, 6-5; 
N, 4:6; Br, 26-1%), m. p. 145° (decomp., the exact temp. depending on the rate of heating), 
crystallised from moist solvents with aq. which is removed at 100° or in vac. desiccator. It 
is very sol. in H,O, HOAc, HOEt, and CHCl,, moderately sol. in acetone and MeCN, and spar- 
ingly sol. in ligroin, Et,0, CgH,, and CCl,. Treatment of the aq. solution with Br yielded the 
tribromide, as a ppt., which was washed with H,O and Et,O and crystallised from CHCl, as 
yellow flattened needles, m. p. 138° (Found: C, 41-2; H, 4:4; Br, 51-7. C,,H, NBr, requires 
C, 41-2; H, 4:3; Br, 51-5%), insol. in H,O and Et,O, moderately sol. in CHCl, and very sol. 
in acetone. On boiling with H,O the salt liberates Br. The picrate separated from hot H,O 
in needles, m. p. 152° (decomp.) (Found: C, 58-2; H, 5-0; N, 12:3. C,,H,,0,N, requires 
C, 58-2; H, 4-8; N, 123%). The iodide had m. p. 170—175° (decomp.) and was very sol. in 
CHCl, (see below). 

Decomposition of Benzhydryltrimethylammonium Hydroxide-——The hydroxide solution was 
prepared and standardised as described above, but the bromide solution required to be shaken 
with Ag,O for an unusually long time (times up to 48 hr. were used) in order to ensure complete 
conversion. Decomposition commenced at (or below) the b. p. of the solution (bath temp. 
115°) and was completed at 165° in a current of N. The oil which did not distil at this temp. 
was divided into neutral and basic portions by means of Et,O and dil. HCl. The neutral oil 
yielded cryst. CHPh,-OH, which was washed with, and crystallised from, ligroin (m. p. and 
mixed m. p. 68°), and the residue from the ligroin on warming with NPh:CO gave 
NHPh-CO-0-CHPh,, which was crystallised from ligroin (m. p. and mixed m. p. 140°) (Found : 
C, 78-7; H, 5-6; N, 4-7. Calc.: C, 79-2; H, 5-6; N, 46%). In another expt. the CHPh,-OH 
was separated as completely as possible by crystn. from light petroleum in CO,—Et,O, and then 
(CHPh,),0 was separated by solution in EtOH and cooling in CO,—Et,O, before treatment of 
the residues with NPh:CO. The (CHPh,),O, cryst. from ligroin, had m. p. and mixed m. p. 
109°. A solution of the basic oil in ligroin was cooled in CO,-Et,O; crystals separated which 
were identified, m. p. and mixed m. p. 70°, as CHPh,-NMe, (Found: C, 85-5; H, 8-0; N, 6-7. 
Calc.: C, 85-3; H, 8-0; N, 66%). In,another expt. the basic oil (3-0 g.) was treated with 
picric acid (4-0 g.) in abs. EtOH. The picrate which separated (6-0 g.; theo., assuming oil to 
be CHPh,-NMe,, 6-2 g.) had m. p. 130—142° (decomp.) (Found: C, 58-2; H, 4:9; N, 12-3%), 
and after two crystns. from EtOH, m. p. 140—145° (Found: C, 57-7; H, 4:8; N, 12-2%). 
Benzhydryldimethylamine prepared from CHPh,Br and Me,NH by Sommelet’s method (Compt. 
vend., 1922, 175, 1149) had m. p. 70°, and its picrate (large needles), m. p. 196° (Found: C, 
57-2; H, 4-4; N, 12-8. C,,H,,0,N, requires C, 57-3; H, 4-5; N, 12-7). In another expt. the 
basic oil was cooled with CO,—-Et,O, the cryst. CHPh,-NMe, filtered under press., and the 
residual oil converted into picrate (m. p. 130—140°), which was crystallised from EtOH-acetone 
and aq. acetone to the const. m. p. 151°. Analysis showed this to be aa-diphenylethyldimethyl- 
amine picrate (Found: C, 58-1; H, 4:9; N, 12-6. C,,H,,0,N, requires C, 58-1; H, 4-8; 
N, 12-3%). Another portion of the same residual oil was treated for 2 days at room temp. 
with excess of MeI in MeCN. The crude aa-diphenylethylitrimethylammonium iodide was pptd. 
with Et,O, washed with CHCl, and acetone and crystallised from hot H,O in needles, m. p. 
205° (decomp.) (Found: C, 55:5; H, 6-0; N, 3-8; I, 34:9. C,,H,,NI requires C, 55-6; H, 6-0; 
N, 3-8; I, 346%). This salt is sol. in hot H,O, but insol. in org. solvents, including CHCl,, 
and this forms the basis of the separation of CMePh,-NMe, from CHPh,-NMe, (the methiodide 
of which is very sol. in CHCl,—see above) which was used in the quantitative expts. In the 
distillate from the original decomp. MeOH was diagnosed, and Me,N estimated, as in the 
preceding series of expts. In the expts. at const. vol., the solutions were decomposed at their 
b. p.’s under reflux, and no attention was paid to MeOH and Me,N; the products separated 
and estimated by the methods indicated above were CHPh,-OH, (CHPh,),O (up to 4%), 
CHPh,-NMe,, and CMePh,*NMe,; the results are tabulated in the introduction, (CHPh,),O 
being calculated as CHPh,-OH. 

Benzhydryldimethylethylammonium Salis.—The iodide was prepared by refluxing a solution 
of CHPh,-NMe, and EtI in MeCN for some hrs., pptn. with Et,O and crystn. from hot H,O. 
It was sparingly sol. in cold H,O, but very sol. in CHCl,. It appears that the solubility of these 
quaternary ammonium halides in CHCl, is determined by the presence of the benzhydryl 
a-hydrogen atom, and association of the anion through that hydrogen atom in anhydrous 
solvents seems indicated. The corresponding picrate separated from aq. acetone in needles, 
m. p. 141° (Found: C, 59-0; H, 5-1; N, 11-8. C,,;H,,0,N, requires C, 59-0; H, 5-1; N, 12-0%). 

Decomposition of aa-Diphenylethylirimethylammonium Hydroxide.—The hydroxide solution, 
which was pptd. and decomposed as usual, yielded a distillate, which was collected in dil. HCI, 
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and a cryst. residue. The latter was extracted from traces of inorg. salts with C,H, and 
washed with light petroleum; it crystallised from EtOAc in rosettes of small needles, m. p. 
203° [Found: C, 93-2; H, 6-7; M (Rast), 381, 375. C,,H,, requires C, 93-3; H, 6-7%; 
M, 360]. The compound, evidently a dimeride of «-diphenylethylene, is sol. in C,H,, CHCl,, 
and acetone and insol. in Et,O and ligroin. The amine recovered from the HCl solution was 
identified as Me,N by prepn. of the picrate [m. p. and mixed m. p. 216° (decomp.)]. 

Attempts to prepare the above dimeride of «-diphenylethylene by the action of HBr on 
aa-diphenylethyl alcohol led to the known dimeride, wy-diphenyl-Ay-butene, m. p. 112° [Found : 
C, 93-2; H, 6-7; M (Rast), 356, 352. Calc.: C, 93-3; H, 6-7%; M, 360] (cf. Schoepfle and 
Ryan, J. Amer. Chem. Soc., 1930, 52, 4021). 

Benzhydrylbenzyldimethylammonium Salts.—The bromide was prepared by interaction of 
C,H,-NMe, with the theo. quantity of CHPh,Br previously dissolved in the minimal amount 
of cold MeCN. The salt, which partly crystallised, was completely pptd. with Et,O and cryst- 
allised from acetone or hot H,O. From the latter it separated with 1H,O and then had m. p. 
ca. 125° (decomp.). The salt is slightly sol. in cold H,O, very sol. in CHCl;, moderately sol. in 
acetone, MeCN, and MeNO,, and insol. in C,H,, CCl,, Et,O, and light petroleum (Found for 
the dried salt: C, 68-9; H, 6-3; N, 3-6; Br, 20-2. C,,H,,NBr requires C, 69-1; H, 6-3; N, 
3-6; Br, 20-9%. Found for hydrated salt: H,O, 3-9. C,,H,,NBr,H,O requires H,O, 4:5%). 
The picrate, prepared from the bromide and sodium picrate, separated from dil. EtOH in 
needles, m. p. 149° (decomp.) (Found: C, 63-4; H, 4-9; N, 10-2. C,,H,,0,N, requires C, 
63-4; H, 49; N, 10-5%). 

Decomposition of Benzhydrylbenzyldimethylammonium Hydroxide——In this case also the 
bromide required prolonged shaking with Ag,O (times up to 2 days) to ensure complete con- ~ 
version into the hydroxide. The hydroxide solution, although sufficiently stable for standard- 
isation in the cold, underwent rapid and complete decomp. below 90°. It was partly distilled 
into dil. HCl, and the residue was taken up in Et,O and the distillate extracted with this solvent. 
The Et,O-sol. material was divided into basic and neutral fractions. The latter consisted of 
cryst. CHPh,-OH, accompanied by a small amougt of oil which was shown to contain 
CH,Ph-OH by the recognition of Ph-CHO after oxidation. From the basic fraction, solid 
separated, which after crystn. from dil. ECOH formed needles, m. p. 128°; it is shown later to 
be aaB-iviphenylethyldimethylamine (Found: C, 87-8; H, 7:5; N, 4-7. C,,H,,;N requires 
C, 87-7; H, 7-6; N, 47%). The hydrochloride, cryst. from EtOAc, partly sublimed at 260— 
280° and when heated quickly had m. p. 280° (Found: Cl, 10-0. C,,H,,N,HCl requires Cl, 
10-5%), and the picrate separated from aq. EtOH in needles, m. p. 218° (decomp.) (Found : 
C, 63-2; H, 5-0; N, 10-8. C,,H,,0,N, requires C, 63-4; H, 4-9; N, 10-6%). The oily portion 
of the basic fraction, on distillation, yielded benzyldimethylamine, b. p. 178°, and a residue 
which partly solidified, yielding thus a further quantity of triphenylethyldimethylamine. 
MeOH was identified as usual in the dil. HCl solution. Decomp. were carried out at different 
initial concns. of the ammonium hydroxide, and also in very conc. solution after addition of 
KOH, with the results recorded in the introduction. In the last-mentioned expt. an additional 
substance, m. p. 205—210° (Found: C, 93-1; H, 6-7%), was obtained in <1% yield, but was 
not fully purified and was not identified. It appeared in company with the CHPh,-OH and 
was separated therefrom by taking advantage of the slight solubility of the hydrocarbon in 
Et,O. 

aa8-Triphenylethylirimethylammonium Salts.—A solution of triphenylethyldimethylamine 
in MeCN was allowed to react in the cold with Mel (small excess) over-night. Et,O was added 
and the pptd. salt was washed with Et,O and crystallised from H,O. It had m. p. 238°, and 
was moderately sol. in hot H,O, and insol. in CHCl, and other org. solvents (Found: C, 62-4; 
H, 6-0; N, 2-9; I, 28-9. C,,H,,NI requires C, 62-3; H, 5-8; N, 3-2; I, 28-7%). The picrate 
separated from dil. acetone in small needles, m. p. 214° (Found: C, 64-1; H, 5-2; N, 10-4. 
C,,H,,0,N, requires C, 64-0; H, 5-1; N, 10-3%). 

Decomposition of aaB-Triphenylethylirimethylammonium Hydroxide.—The hydroxide solu- 
tion was prepared and decomposed in the usual way. Reaction commenced at 150° (bath 
temp.) and was completed at 180°. In the distillate, which was received in dil. HCl, MeOH and 
Me,N were diagnosed as usual. The product which did not distil was dissolved in C,H, and 
extracted with dil. HCl. The residue from the C,H, solution had m. p. 68—69°, and after 
crystn. from EtOH was identified as triphenylethylene, m. p. 70—71° (Found: C, 93-7; H, 
6-3. Calc.: C, 93-7; H, 63%). A portion of the product was treated with Br (1 mol.) in 
CHCI,; the solution was evaporated and the residue, presumably 6-bromo-aaB-iriphenylethylene 
formed by loss of HBr from CPh,Br-CHPhBr, was crystallised from light petroleum, in needles, 
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m. p. 115° (Found: C, 71-5; H, 4-5; Br, 23-4. C,.H,,Br requires C, 71-6; H, 4-5; Br, 23-9%). 
The acid extract on basification and extraction with Et,O gave aa$-triphenylethyldimethyl- 
amine (m. p. and mixed m. p. 125—126°). 

Miscellaneous Observations—CHPh,Br (12-5 g.) and (CH,Ph),NH (20 g.) were heated 
together in a closed tube at 100° for 8 hr. The product, which was washed with Et,O, was 
treated (27 g.) with cold CHCl,, in which it partly dissolved. The insol. salt (13 g.) was 
(CH,Ph),.NH,HBr. The residue from the CHCl, was boiled with H,O and crystallised from 
light petroleum and from dil. acetone, from which benzhydryldibenzylamine separated in long 
needles, m. p. 129° (Found: C, 88-8; H, 7-0; N, 4:0. C,,H,;N requires C, 89-2; H, 6-9; 
N, 39%). The hydrochloride, for the prepn. of which conc. HCl was required because the base 
is very weak, had m. p. 180—182° (Found: Cl, 8-2. C,,H,,NCl requires Cl, 8-9%). The 
picrate, prepared from the base and alc. picric acid, separated from EtOH in silky needles, 
m. p. 145° (decomp.) (Found : C, 67-5; H, 4-9; N, 9-7. C3,3;H,,0,N, requires C, 66-9; H, 4-7; 
N, 95%). CHPh,Br on treatment with (CH,Ph),NMe in MeCN gave dibenzylmethylammonium 
bromide, which separated from EtOAc in rhombs, m. p. 157°, sol. in acetone, CHCl,, EtOAc, 
and EtOH, and insol. in Et,O, CgH,, CCl,, and light petroleum (Found: C, 61-8; H, 6-2; 
N, 4:5; Br, 27-7. C,;H,,NBr requires C, 61-6; H, 6-2; N, 4-8; Br, 27-4%). The picrate, 
prepared from the bromide and aq. sodium picrate, and cryst. from dil. EtOH, had m. p. 107° 
(Found: C, 57-2; H, 4:7; N, 12-5. C,,H,O,N, requires C, 57-3; H, 4:5; N, 12-7%). 
CHPh,Br, on treatment with CHPh,-NMe, in MeCN for several days in the cold, yielded 
benzhydryldimethylammonium bromide, which separated from hot H,O in rhombs, m. p. 206°, 
containing 1H,O (Found: H,O, 5-1. C,;H,,NBr,H,O requires H,O, 58%). The salt was 
dried in a good vac. at 50° for analysis (Found: C, 61:2; H, 6-2; Br, 26-9. C,,;H,,NBr 
requires C, 61-6; H, 6-2; Br, 27-4%). 
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25. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XIV. The Action of Tertiary Amines 
on Triphenylmethyl Halides. 


By E. D. HuGuHEs. 


Tuis work is the outcome of attempts to prepare quaternary ammonium salts containing 
the triphenylmethy] radical. 

Nef (Annalen, 1899, 309, 168) found that triphenylmethyl bromide and triethylamine 
in warm benzene solution gave triethylamine hydrobromide and a gum (not analysed) 
which he assumed to be a polymerisation product of CPh,:C,H,. 

Since the formation of quaternary ammonium salts is facilitated by solvents of high 
cohesion (cf. Richardson and Soper, J., 1929, 1873), the interaction of triphenylmethyl 
chloride and trimethylamine was studied in the presence of nitromethane and of aceto- 
nitrile. The sole crystalline product was, however, a molecular compound, 
2CPh,*OH,NMe,,HCl, from which water extracted the saline constituent, leaving the 
carbinol, and benzene removed the carbinol, leaving the salt. The same substance was 
obtained by crystallising solutions containing the carbinol and the salt. The production 
of a molecular compound appeared to be peculiar to this example and was not repeated 
when triphenylmethy]l chloride was replaced by the bromide or trimethylamine by triethyl- 
amine. On the other hand the fundamental reaction, namely, the formation of triphenyl- 
carbinol and the appropriate amine hydrohalide, was general within this range of examples, 
and, in particular, repetition of Nef’s experiment led to the isolation of triphenylcarbinol. 
The accession of a small amount of moisture to the reaction mixtures appears essential for 
interaction under the conditions used. 

Quaternary triphenylmethylammonium salts derived from pyridine have been claimed 
by Tschitschibabin (J. Russ. Phys. Chem. Soc., 1902, 34, 137), by Hantzsch and Meyer 
(Ber., 1910, 483, 336), and by Norris and Culver (Amer. Chem. J., 1903, 29, 129). It has 
been found, however, that the ‘‘ pyridinium ”’ bromide of Tschitschibabin and of Hantzsch 
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and Meyer is a molecular compound, CPh,-OH,C;H;N,HBr, and that the “ pyridinium ” 
chloride of Norris and Culver is analogously the compound CPh,-OH,C,;H;N,HCl. In each 
case the constituents can be separated and re-associated as in the example described above. 

It thus appears that quaternary triphenylmethylammonium salts have not yet been 
prepared, and are extremely difficult to obtain. The suggested reason for this is that, 
on account of the greater electron affinity of NR,® than of Hal, the cation CPh,® separates 
more readily from CPh,-NR,® than from CPh,*Hal, and that accordingly the stable form 
of the system 


® 8 ® 8 
CPh,NR, + Hal CPh, + Hal + NR, = CPh,:Hal + NR, 


is the right-hand member. Until water intervenes, there is no entity present with which 
CPh,® can form a more stable co-valent compound than that which it forms with the halide 
ion, but in the presence of water CPh,® is completely removed as the very feebly ionising 
carbinol. 

Two further observations lend confirmation to this suggestion. Treatment of triphenyl- 
methyldimethylamine with excess of methyl iodide led to the isolation of tetramethyl- 
ammonium iodide, iodine, and triphenylcarbinol. The assumption that the ammonium 


® 8 ® 
salt is formed, but decomposes in the sense of the equation (CPh,*NMe,)I——>CPh, + 


8 
NMe, + I, explains the formation of these products; for the trimethylamine would 
naturally be converted into tetramethylammonium iodide, the triphenylmethyl cation 
and the iodide ion would reversibly unite to give triphenylmethy] iodide, which is known 
to dissociate reversibly into triphenylmethyl and iodine (Gomberg, J. Amer. Chem. Soc., 
1902, 24, 597), and, in so far as water intervenes, the triphenylmethyl cation would be 
irreversibly removed as carbinol. 

Confirmation of the assumption that the cation CPh,® is liberated from the ammonium 
complex in the manner suggested was obtained by conducting the reaction in absolute 
ethyl alcohol; ethyl triphenylmethyl ether was then isolated in addition to tetramethyl- 
ammonium iodide: CPh,® + HOEt—->CPh,-OEt + H®. 


EXPERIMENTAL. 


Action of Trimethylamine on Triphenylmethyl Chloride.—Interaction was effected at room 
temp. in MeCN-CHCl,, from which the compound, 2CPh,-OH,NMe;,HCl, m. p. 190—195° 
(decomp.), separated, which was crystallised from MeCN and from acetone [Found: C, 79-8; 
H, 6-8; N, 2-4; Cl, 5-7; Cl (ionisable), 5-7. 2CPh,-OH,NMe,,HCl requires C, 79-9; H, 6-8; 
N, 2-3; Cl, 5-8%], forming flat leaflets sol. in CHCl,, acetone, MeCN, EtOAc, and MeNO, and 
insol. in Et,O, ligroin, and CCl,. Addition of Et,O to the ultimate mother-liquor pptd. a 
hygroscopic solid which on treatment with sodium picrate gave trimethylamine picrate, m. p. 
216°. The same products were obtained when CHCl, alone or CHCl];-MeNO, were used as 
solvents. 

The molecular compound (5 g.), on washing with cold H,O, gave CPh,-OH (4 g., m. p. 159— 
160°, and after crystn., 161°); NMe,,HCl was identified in the filtrate by conversion into 
picrate. An attempt to crystallise the molecular compound from EtOH also gave CPh,°OH. 
On washing with C,H, the molecular compound yielded NMe,;,HCl, and the filtrate, on evapn., 
gave CPh,-OH. 

Solutions of CPh,-OH (2 mols.) in the min. quantity of CHCl, and of NMe,,HCl (1 mol.) in 
MeNO, were mixed. A solid separated: the mixture was heated until this dissolved, and 
was then filtered and allowed to cool. The crystals, washed with a little MeNO, and acetone, 
proved to be the molecular compound, m. p. and mixed m. p. 190—195° (decomp.). 

Action of Triethylamine on Triphenylmethyl Chloride.—Interaction in CHCl, pptd. Et,N,HCI, 
which was washed with Et,O and acetone; m. p. 253° (decomp.): picrate, m. p. and mixed 
m. p. with an authentic specimen 174°. The hydrochloride was completely removed by the 
addition of Et,O, and the solution, on evapn., gave CPh,-OH. 

Action of Trimethylamine on Triphenylmethyl Bromide——The bromide (Henderson, J., 
1887, 51, 224), m. p. 150°, reacted with Me,N much as described above, and Me,N,HBr and 
CPh,-OH were isolated. 

Action of Pyridine on Triphenylmethyl Chloride.—Interaction in MeNO,-CHCI, or in EtOAc 
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gave, after a few days, the crystalline compound CPh,-OH,C,;H,;N,HCI, which was recrystallised 
from acetone; m. p. 170—175° (Norris and Culver, Joc. cit., give 167—167-5°) [Found: C, 
77-0; H, 6-0; N, 3-5; Cl, 9-8; Cl (ionisable), 9-4. CPh,-OH,C;H,;N,HCI requires C, 76-7; 
H, 5-9; N, 3-7; Cl, 9-45%]. It separated in stout rhombic prisms, sol. in CHCl;, MeCN, and 
MeNO, and insol. in Et,O, CCl,, and ligroin. The same compound was obtained by crystal- 
lising a mixture of CPh,-OH (1 mol.) and C;H;N,HCI (1 mol.) from CHC]. 

Action of Pyridine on Triphenylmethyl Bromide.—Interaction in MeNO,—CHCl, gave the 
compound CPh,-OH,C,H;N,HBr, which was recrystallised from MeNO,—-CHCl,, and washed 
with CHCl,—acetone, m. p. 155—190° (Tschitschibabin, loc. cit., gives 162°) (Found: C, 68-2; 
H, 5-0; N, 3-4; Br, 19-1. CPh,-OH,C;H,;N,HBr requires C, 68-6; H, 5-2; N, 3-3; Br, 19-0°%). 

Action of Methyl Iodide on Triphenylmethyldimethylamine.—(a) In acetonitrile. The amine 
(Hemilian and Silberstein, Ber., 1884, 17, 746), m. p. 96°, and excess of Mel, in MeCN, left for 
a few days at room temp., developed a deep red coloration, and a solid separated, which, washed 
with Et,O, and cryst. from H,O, had m. p. > 300° (Found: I, 62-9. Calc. for NMe,I: I, 
63-2%). The salt was completely pptd. by the addition of Et,O and the solution, on evapn., 
gave a black solid, partly sol. in hot ligroin. The insol. portion was sol. in KI aq. and had all 
the properties of iodine. The sol. portion crystallised, on cooling, and was recryst. from 
ligroin; m. p. and mixed m. p. with triphenylcarbinol, 161°. 

(b) In absolute ethyl alcohol. The amine, dissolved in a small vol. of abs. EtOH, and excess 
of Mel were refluxed for 3 hr. on the water-bath. The unreacted Mel was then removed and 
the solution, on standing, deposited two kinds of crystal. These were collected, and treated 
with Et,O, which effected a complete separation. The insol. portion was recrystallised from 
H,O and identified as NMe,I. The solution, on slow evapn., deposited a solid which, after 
washing with a little EtOH, had m. p. 80—82°. It was recrystallised from EtOH; m. p. 
and mixed m. p. with CPh,-OEt, 84°. 


The author thanks Professor C. K. Ingold, F.R.S., for advice and helpful criticism, and the 
University of Wales for a Studentship (1930-31), and a Fellowship (1931-32). 
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26. The Reaction between 2-Picoline and Aromatic Aldehydes. 
By B. D. SHAw and E. A. WAGsTArFF. 


STILBAZOLES of the formula C;H,N*-CH:CH-C,H,R (I) have usually been prepared by the 
interaction of equimolecular proportions of 2- or 4-picoline and aromatic aldehydes at 
180—230° in presence of zinc chloride. Bennett and Pratt (J., 1929, 1465) used acetic 
anhydride as condensing agent in the preparation of 2’: 4’-dinitro-2-stilbazole. This 
agent is now found to be generally applicable, and gives purer products than zinc chloride 
in higher yield. Small quantities of cinnamic acids are also formed, except with benz- 
aldehyde and #f-tolualdehyde. The formation of benzylidenediacetates was not detected. 
Moreover, p-nitrobenzylidenediacetate reacts much less readily (1% in 10 hr. at 135°) than 
p-nitrobenzaldehyde. The following yields were obtained by the use of 6 mols. of acetic 
anhydride during 10 hours at 135°: (sequence 1) p-methyl, 1; unsubstituted, 6; o0-nitro, 
39; m-nitro, 41; p-nitro, 51; 2: 4-dinitro, 65% (in 1 hr.; 2 mols. Ac,O). The reaction 
with 2-picoline resembles that with 2-methylquinoxaline (Bennett and Willis, J., 1928, 
1960), for which the order of increasing efficacy is: unsubstituted < mononitro < 2: 4- 
dinitro. In both reactions the relative reactivities of the nitrobenzaldehydes differ from 
those anticipated on theoretical grounds by Hinkel, Ayling, and Morgan (J., 1931, 1835), 
and, in contrast with the results of these authors for the Hantzsch pyridine condensation, 
all three nitrobenzaldehydes are much more reactive than benzaldehyde. This is usually 
so (see, ¢.g., Lassar-Cohn, “‘ Arbeitsmethoden,” p. 430). 

— formation of stilbazoles econ to proceed as follows : C;H,N-CH, + CHO-C,H,R 


wnt 5H,N*CH,°CH(OH)-C,H,R (II) ie sH4N*CH:CH-C,H,R + H,O. Alkines (II) 
are are the principal products at 130—150° in presence of water (Bach, Ber., 1901, 34, 2223). 
The following yields of alkines have been obtained under standard conditions : (sequence 2) 
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p-methyl, 5; unsubstituted, 11; m-nitro, 25; o-nitro, 37; p-nitro, 48%. Reaction (a) is 
reversible. The alkines, when heated with water at 140—200°, are in part converted into 
2-picoline and the aldehydes. At 200° the m-nitro-alkine is also in part converted into the 
stilbazole. The stilbazoles are unchanged when heated with water at 140—230°. 

The alkines, when heated with acetic anhydride, are converted into the corresponding 
stilbazoles (reaction b). The rates of reaction are in the order : (sequence 3) unsubstituted 
<o-nitro<-nitro-<m-nitro. In all cases stage (b) proceeds rapidly compared with the 
net rate of formation of the stilbazoles in acetic anhydride, so that stage (a) is the rate- 
determining factor. 

Although Rath (Ber., 1925, 58, 542) by dehydration of the o-amino- and o-nitro-alkines 
prepared the cis-forms of the corresponding stilbazoles, only the normal (? trans-)forms have 
been isolated under the conditions now described. 


EXPERIMENTAL. 


The order of reactivity was determined by heating the aldehyde (1 mol.) with 2-picoline 
(1 mol.) and Ac,O (6 mols.) both in open vessels at 135° with exclusion of air and in thin-walled 
sealed tubes in an autoclave; both methods gave similar results. Sequence (1) is based upon 
44 such expts. 

The stilbazoles are best prepared at the b. p. of the solution, 1 mol. each of the aldehyde and 
2-picoline being used. 2-Stilbazole, 4’-methyl-, and 2’-nitro-2-stilbazole were isolated by steam 
distillation and extraction from the dried residue with light petroleum. The other bases were 
extracted from the reaction mixture with dil. HClaq. All m.p.’s are corrected. 

Benzaldehyde : 0-5 mol. Ac,O; 30 hr.; yield 87%. 

o-Nitrobenzaldehyde: 1-5 mols. Ac,O; 10 hr.; yield 80%. 2-Nitro-2-stilbazole forms 
lemon-yellow prismatic needles, m.p. 101°, d?° 1-307. Nitrate, needles, m. p. 148° (Found : 
HNO, by titration, 21-7. C,,;H,,0,N,,HNO, requires HNO,, 21-7%); picrate, fibrous yellow 
needles, m. p. 220°, from acetone. 

m- and p-Nitrobenzaldehydes: 1 mol. Ac,O; 10 hr.; yield 90%. 3’-Nitro-2-stilbazole 
separates from EtOH in very pale yellow needles, m. p. 129°. 4’-Nitro-2-stilbazole forms 
lemon-yellow prisms from petroleum (b. p. 100—120°), m. p. 136°, d? 1-319; the sulphate, m. p. 
274°, and nitrate, m. p. 155° (decomp.), are colourless, the picrate forms yellow needles, m. p. 
272°, from EtOH. 

2 : 4-Dinitrobenzaldehyde : 2 mols. Ac,O; lhr.; yield 65%. Extensive resinification ensued 
on longer-heating. 

4’-Methyl-2-stilbazole was prepared by heating p-tolualdehyde, 2-picoline, and Ac,O (1 mol. 
each) during 10 hr. at 200°, and formed white needles, m. p. 87°, from EtOH; yield, 80% 
(Found : C, 85-9; H, 6-5. C,,H,,N requires C, 86-1; H, 6-7%). 

Condensations using Zinc Chloride.—The yields of stilbazoles obtained after 10 hrs.’ heating 
at 195° were: o-nitro, 64; m-nitro and p-nitro, 67%. Feist (Arch. Pharm., 1902, 240, 130) 
obtained yields o-, 70; m-, 60—70; p-, 50%. 

Condensation with o-Nitrobenzaldehyde in Acetic Acid.—After 10 hr. at 135°, the yield was 
79% with 1 mol. AcOH, and 48% with 3 mols.; with 12 mols., considerable decomp. ensued and 
no stilbazole was isolated. 

Reaction in Absence of a Condensing A gent.—A mixture of the aldehyde and 2-picoline (1 mol. 
each) was boiled for 10 hr. The products were mixtures of the alkines and stilbazoles. 

Preparation of the Alkines.—The results of sequence (2) were obtained by heating the aldehyde 
and 2-picoline (1 mol. each) with H,O (4 mols.) in sealed tubes during 10 hr. at 140°. The 
mixtures were not homogeneous at room temp. The products were treated as in the prepn. of 
the corresponding stilbazoles. 2-Stilbazolealkine has m. p. 112°, and the o-nitro-compound, 
139°. 4’-Methyl-2-stilbazolealkine forms colourless. prisms, m. p. 96°, from light petroleum 
(Found: C, 78-7; H, 6-8. C,,H,,ON requires C, 78-9; H, 7-0%). 3’-Nitro-2-stilbazolealkine 
separates from EtOH in nodules, m. p. 98° (Found: C, 63-7; H, 4-8. C,,;H,,0,N, requires C, 
63-9; H, 4:9%). 

Reversibility of the Alkine Condensation.—The alkines (1 g.) were heated with H,O (2 g.) in 
sealed tubes at 140° during 10 hr. The unchanged alkine was weighed, and the aldehyde 
isolated both in the solid state and as 2: 4-dinitrophenylhydrazone. The decomp. found was : 
unsubstituted, 60% ; 0-, m-, p-nitro, ca. 30%. 

Dehydration of the Alkines.—The alkines (1 mol.) were heated with Ac,O (4 mols.) during 
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0-5—3-0 hr. at 100°. Sequence (3) is based upon the setting points of the products and the 
isolation of pure compounds from them. When heated in boiling Ac,O during 1 hr., the alkines 
gave the corresponding stilbazoles in almost pure condition. 


The authors are indebted to Professor F. S. Kipping, F.R.S., for his interest in this work, to 
the Chemical Society for a grant, and to the South Metropolitan Gas Company for a gift of 
pyridine bases. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, September 26th, 1932.) 





27. The Nitration of B-Phenylethylpyridines and Related Compounds. 
Part I. 


By B. D. SHAw and E. A. WaGsTAFF. 


2-8-PHENYLETHYLPYRIDINE (I), 2-stilbazole (II), and 2-phenylacetylenylpyridine (III) 
have been nitrated, and the products investigated quantitatively (Table I). 


TABLE I. 


Nitration in Sulphuric Acid. Nitro-isomerides isolated, %. 


(I) C;H,N-CH,°CH,Ph. (II) C;H,N°-CH:CHPh. (III) C,H,N-C:CPh. 
RI scsecicawescacs 16°0 40°1 28°7 
BE kccksivevadueas 3°4 nil 0°6 
UNS... ‘ecadannswcenen 64°5 49-0 62°7 
; ere 83°9 89°1 92-0 


The proportions of m-nitration of 2-phenylpyridine (Forsyth and Pyman, J., 1926, 
2912), 2-benzylpyridine (Bryans and Pyman, J., 1929, 549; cf. Tschitschibabin, Kuindshi, 
and Benewolenskaja, Ber., 1925, 58, 1580), and 2-8-phenylethylpyridine (I) under similar 
conditions are 34-9, 10-4, and 3-4% respectively. These values support the principle that 
the successive intercalation of methylene groups between a m-orienting radical and a benzene 
nucleus progressively decreases the proportion of m-substitution. 

Baurath (Inaug.-Dissert., Kiel, 1888; cf. Bach, Ber., 1901, 34, 2223) failed to nitrate 
2-stilbazole (II). This has now been effected, and the product shown by the thermal 
method to be almost entirely a mixture of 2’- and 4’-nitro-2-stilbazoles. The op-ratio varies 
considerably (0-75—1-12) with the composition of the nitration medium (Table II). In- 
crease in the concentration, combined with decrease in the quantity, of the nitric acid 
employed decreases the of-ratio. Varying the temperature appears to have a slight in- 
fluence, but its effect was not disentangled satisfactorily, owing to the occurrence of side 
reactions, from that of varying the quantity of acid, which also is small. Addition of 
soluble nitrates (expt. 12) or acetic acid (expt. 15) to the nitric acid increases the op-ratio, 
but to a less extent than an equal weight of water. Nitration in sulphuric acid (expts. 
18—21) gives op-ratios (0-85—0-93) equal to those obtained with 87—92% nitric acid. 

The products of nitration of (I) and (III) are not susceptible to thermal analysis, but 
separation of the isomerides indicates that a similar variation of the op-ratio exists for (III), 
and that the variation for (I), if existent, is much smaller. These variations may be 
ascribed with some probability to the base-salt-ion equilibria. The strengths of the bases 
are in the order I>II>III; the amounts of of-variation are in the order III>II>I. 
Any slight difference between the proportion of the quaternary forms present in solutions 
of (I), (II), and (III) will be magnified by the relative slowness of substitution in these 
forms. 

The of-ratio for 2-stilbazole (0-8—1-1) is higher than that for the ethane (I) (0-25) or for 
the acetylene (III) (0-4—0-55). This agrees with the hypothesis of Lapworth and Robinson 
(Mem. Manchester Phil. Soc., 1928, 72, 43), according to which a modification in the con- 
stitution of a side chain resulting in a greater or less attraction for electrons would respec- 
tively decrease or increase the op-ratio. That a greater attraction for electrons is exerted 














CHC]. 


4 = amount by which f. p. of eutectic is lower than that of binary mixture. 
a; of Time, Yield, Initial 
W. HNO,. w hr. Temp. , = f. p. A. op-Ratio. 
2°7 1°525 -— 0-2 — 15° 97°4 100°8° 3°6° 0°78 
4°6 1-516 -— 1:2 —15 98°7 101°0 51 0°75 
40 1-507 -- 1°5 —12 96°8 99°5 6°5 0°78 
3°7 1-497 -— 1°5 —12 98°4 100-2 0-2 0°85 
3°7 1°494 —— 1-0 —12 97°0 98°7 40 0°85 
14°5 1-475 -- 4°0 —12 96:1 95°8 16 1-00 
32°0 1-464 — 3°5 0 94°5 942 0°8 1:08 
34:0 1-452 — 16-0 —10 97°5 94-0 3°0 1-04 
34-0 1-452 — 3°0 20 89-2 90-0 3°0 (a) 
17°0 1°452 — 3°5 20 97°5 94°5 2°0 1:04 
17-0 1-452 -— 42-0 — 5 78°3 89°6 4:0 (a) 
20°0 (b) — 1°5 —12 96:1 97°5 2°8 0°92 
22-0 1-440 — 13°5 0 98°5 94°8 1-1 1-06 
40°0 1-438 — 15-0 0 97°0 94°71 0°8 1-09 
22-0 (c) — 3°0 — 5 95:2 95°7 2°8 1-00 
27°0 1-425 -- 6°0 20 95°5 92°3 2°0 1:12 
100°0 1-398 — 80-0 0 45°1 — -- (a) 
-- _- 6°5 8°0 — 5 97°2 98-2 2°0 0°88 
-— — 6°0 40 —10 96°6 96°9 2°3 0°93 
_- oe 3°6 2°0 —10 940 80°5 (da) 4:0 0°85 
—- —- 4°5 4°0 — 5 97°3 83°4 = (e) 2°0 0°88 
(a) Extensive oxidation occurred. (b) Contained HNO,, 76°5; H,O, 3; NH,NO,, 13°5; KNO,, 
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TABLE II. 
Nitration of 2-Stilbazole in Nitric and Sulphuric Acids. 



























W and w = g. of HNO, and H,SO,, respectively, per g. of 2-stilbazole nitrate. 





7%. (c) Contained HNO,, 74; H,O, 1; AcOH, 25%. (d) Residue from separation of 36°3% >p-. 
(e) Residue from separation of 40°3% ?p-. 


by the side chain of compounds (I) and (III) is indicated by the occurrence of m-substitution 
and, in the case of (III), by the relative slowness of nitration. No difference in the rates of 
nitration of (I) and (II) was detected. 

The other available data for a comparison of the orienting influence of the side chains 
CH,°CH,R, CH:CHR, and C:CR are limited to the case where R = CO,H and, except those 
for phenylpropiolic acid, are unsatisfactory. In this series also the op-ratio for the ethylene 
is higher than for the ethane or for the acetylene. 

2-Phenylacetylenylpyridine (III) was nitrated by addition of its nitrate to nitric and 
sulphuric acids. The proportion of m-substitution (0-6%), although a minimum value, is 
less than that detected by Baker, Cooper, and Ingold (J., 1928, 426; cf. Reich, Compt. rend., 
1916, 162, 129) for phenylpropiolic acid (8%) and its ethyl ester (6%). The value is, 
however, higher than that found for 2-stilbazole (nil). 

2-Stilbazole when heated with 70% nitric acid gave a mixture of acids, from which 
p-nitrobenzoic acid was isolated in 37% yield, indicating that nitration largely precedes 
oxidation. 
3907) for 2 : 6-di- and 2 : 4 : 6-tri-styrylpyridines. 

2’- and 4’-Nitro-2-stilbazoles when further nitrated gave 2’ : 4’-dinitro-2-stilbazole. 
Attempts to nitrate 3’-nitro-2-stilbazole resulted in extensive oxidation; 3’ : 4’-dinitro-2- 
stilbazole was isolated in 15% yield. 


A similar observation was made by Koenigs and von Bentheim (Ber., 1905, 38, 





EXPERIMENTAL. 


2-8-Phenylethylpyridine—A mixture of 2-stilbazole (45 g.), red P (20 g.), I (50 g.), H,O 
(20 g.), and AcOH (200 c.c.) was boiled for 24 hr., and the product purified by Baurath’s method 
(Ber., 1888, 21, 818); m. p. — 3°. The nitrate, recryst. from CHCl,—petroleum and from EtOH, 
formed colourless striated prisms, m. p. 91° (Found: C, 63-1; H, 5-7; M, by titration, 243. 
C,3H,3N,HNO, requires C, 63-4; H, 5-7%; M, 246): it dissolved readily in CHCl,, and after a 
few min. the solution deposited a bulky white solid, m. p. (air-dried) ca. 60°, which slowly lost 
The methiodide, deep yellow needles, m. p. 189°, from EtOH, and the perchlorate, 
white plates, m. p. 98°, were also prepared. 

Nitration.—(A) In sulphuric acid. The nitrate (5 g.) was added during | hr. to H,SO, 
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(d 1-84; 20g.) at — 12° ina rotating flask. After 2 hr. further, the solution was warmed to 20° 
(1 hr.) and poured on ice (250 g.). 

(B) In nitric acid. The nitrate (3 g.) was added (15—30 min.) to HNO, (d 1-39—1-525, 
150—12 g.). With acid of d>1-42, a red-brown colour, disappearing within 5 min., was 
developed after each addition [similar colours were observed for (II) and (III)]. The product 
was poured on ice. 

The nitro-compounds (yield, 99—101%) were pptd. with NaOH aq., either fractionally or 
completely, and fractionally crystallised from EtOH, giving p-nitro-compound (62—66%) and 
an oil (X). The setting point of the crude nitration product also indicated that the variation 
in the proportion of p-nitro-compound was not large. 

The oil X (Found: C, 67-4; H, 5-3. C,,H,,O,N, requires C, 68-4; H, 5-3%) slowly de- 
posited ca. 1% each of m- (dense prisms) and p-nitro-compound (fibrous needles), but was 
usually converted into derivatives. The weight of o-nitro-compound pptd. as picrate from 
acetone under standard conditions ranged from 48—55% of X, indicating that the proportion 
of o-nitro-compound formed in nitration did not vary extensively. The remaining picrates 
when fractionally cryst. from EtOH (30 crops) gave o-, 16-:0%; m-, 3-4%; p-, 16%: 62-9% of 
p- had been previously separated. Fractional crystn. as methiodides from EtOH gave o-, 
150% ; m-, 2-4% : 62-5% of p- had been previously separated. 

2-8-0-Nitvophenylethylpyridine, prepared by shaking the picrate, m. p. 156°, from the oil X, 
with CHCl, and NaOH aq., had m. p. 36° (Found : C, 68-2; H, 5-2%). The methiodide, yellow 
needles, m. p. 184°, from EtOH, gave o-nitrobenzoic acid when oxidised with KMnO, aq. 

2-8-p-Nitrophenylethylpyridine crystallised from EtOH in white prisms, m. p. 96° (Found :- 
C, 68-3; H, 53%). It was markedly stable towards KMnQ, aq. and HNO, aq., a considerable 
proportion being recovered after several days’ boiling. The methiodide, deep yellow needles, 
m. p. 198°, from EtOH, gave p-nitrobenzoic acid when oxidised with KMnQ, aq. at 20°. The 
picrate, yellow needles, m. p. 171°, from acetone, the perchlorate, white needles, m. p. 150°, 
and the nitrate, colourless prisms, m. p. 138° (decomp.), from EtOH, were also prepared. 

Preparation of the Amino--phenylethylpyridines.—The nitro-2-stilbazole (10 g.) was heated 
with red P (5 g.) and HI (d 1-7; 45.c.c.) at 160° for 5 hr. Much PH, was generated. The 
isolated base was recrystallised from petroleum (b. p. 40—60°). 2-8-0-A minophenylethylpyridine 
formed long colourless needles, m. p. 61° (Found: C, 78-6; H, 7:2. C,3H,,N, requires C, 
78-8; H, 7:1%), hydrobromide, white needles, m. p. 295°. 2-8-m-Aminophenylethylpyridine 
formed colourless needles, m. p. 72° (Found: C, 78:7; H, 7:1%). 2-8-p-Aminophenylethyl- 
pyridine formed colourless prisms, m. p. 57° (Found: C, 78-6; H, 7-0%) (mononitrate, m. p. 
224°), and was also prepared by reduction with red P and HI of 4’-amino-2-stilbazole, prepared 
by Feist’s method (Ber., 1901, 34, 465). 

Preparation of 2-8-m-Nitrophenylethylpyridine.—The p-amino-compound (2-5 g.) was heated 
with Ac,O (3 c.c.) for 1 hr. at 100°. The crude acetyl derivative was treated with HNO, (d 1-49; 
20 g.) at — 10° (3 hr.). The base (yield, 80%; m. p. 147°), obtained by hydrolysis of the 
nitration product with conc. HCl, when cryst. from EtOH gave 2-(8-3’-nitro-4’-aminophenylethyl)- 
pyridine, deep yellow needles, m. p. 150° (Found: C, 63-9; H, 5-1. C,3;H,,0,N; requires 
C, 64:2; H, 5:3%). This substance was diazotised in alc. H,SO,, and the solution heated at 
100°. The crude product (yield, 55%; m. p. 71°), when recryst. from petroleum, gave 2-8-m- 
nitrophenylethylpyridine, in colourless feathery aggregates, m. p. 76° (Found : C, 68-1; H, 48%). 
This substance was also prepared (yield, 15%) by Sandmeyer’s reaction from the m-amino- 
compound. 

Preparation of 2-Stilbazole-——The crude product prepared by Shaw’s method (J., 1924, 125, 
1930) contained small quantities of stilbene and ferrous compounds. These were shown to result 
from the action of Ph-CHO on the Fe autoclave by heating Ph-CHO with Fe filings, stilbene 
being produced, together with other compounds not yet investigated. 2-Stilbazole nitrate, matted 
needles, m. p. 89° (Found: M, by titration, 279. C,,;H,,N,HNO,,2H,O requires M, 280), from 
dil. HNO ;, when kept in vac. at 60°, slowly gave the anhyd. salt, m. p. 123° (decomp.) (Found : 
C, 63-5; H, 4-7. C,,;H,,N,HNO, requires C, 63-9; H, 49%). The methosulphate had m. p. 
160°; the picrate, m. p. 212°. 

Thermal Analysis.—Mixtures (total wt., 1*2 g.) of 2’- and 4’-nitro-2-stilbazole (see preceding 
paper) were melted in the usual apparatus. Consistent results (Table III) were obtained for the 
required op-ranges. Weighed quantities (20—100 mg.) of 2-stilbazole, 3’-nitro-, and 2’: 4’- 
dinitro-2-stilbazole were added (20 expts.) to various op-mixtures (1-0 g.). The ratio of the 
depression of the initial setting point to that of the eutectic point was less for 2’ : 4’-dinitro-2- 
stilbazole (0-45) than for the other compounds (0-75). In nitration expts. 1—5 (Table II) the 
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initial setting point was corrected on the assumption that the impurity was the dinitro-compound. 
In expts. 6—21 it was assumed that the impurity was 2-stilbazole and/or the 3’-nitro-compound. 
These assumptions were based on the experimental conditions, and supported by analyses 
(below). The corrections (usually 0-1—1-5) are not large. 

Nitration of 2-Stilbazole-——(1) The nitrate (1-2 g.) was added to HNO, (Table II). The 
basified solution yielded a product [Found (expts. 1, 4, and 16) : C, 68-6, 68-9, 69-4; H, 4-1, 4-4, 
4-7. C,,;H,,0O,N, requires C, 69-0; H, 4-4%], which was thermally analysed. 


TABLE III. 
Mixtures of 2'- and 4'-Nitro-2-stilbazoles. 

SE NNO Kecsnctctecases 0-0 2°5 3°1 30°0 45°0 45°0 50°0 55°0 55°0 60°0 
BEE By Di: se asessecsesres 134°0° 130°7° 130°0° 114°7° 101°6° 101°2° 97°5° 91°3° 91°5° 85-2° 
SEE Sncenesarersnsases — — — — 81°5° 815° 81°5°—s 81°6°—s 81°5°— 8 1°3° 
i? SY tcctssaverssecs 63°5 67°0 69°5 71°5 73°2 74°5 751 80°5 87°5 100°0 

_. 3h ae 82°3° 813° 81°4°—s 80°4°—s 81°5° = 830° — 83°3°— 86°5° =: 900° — «981° 
er 813° 813° 81°3°—s 81°3°—s 881°3°—s 812° 811° 80°42 775° 











(2) In sulphuric acid. The nitrate (5 g.) was added during 1 hr. to H,SO, (Table II). Solu- 
tion was complete after 1 hr. further. After 1—5 hr. the mixture was warmed to 20° (1 hr.) 
and poured on ice (120 g.). 

(Expts. 18 and 19.) The suspension of sulphates was basified, and the ppt. thermally 
analysed (Table II) [Found (expt. 18) : C, 68-8; H, 43%]. 

(Expts. 20 and 21.) The suspension of sulphates was filtered. The residue when basified 
gave the 4’-nitro-compound. The filtrate yielded bases (Y) (expt. 21) (Found for Y: C, 69-0; 
H, 44%). To Y (0-800 g.) was added pure 4’-nitro-compound (0-518 g.); the s.p. was now 
98-5°; eutectic, 80-2°; indicating o: p, 47-1: 52-9; calc., 47-6: 52-4). Y (3 g.) was fraction- 
ally crystallised from EtOH. At first pure 2’-nitro-compound separated (2 crops, 1-0 g.). 
Further separation (30 crops) was facilitated by the fact that the 2’-nitro-isomeride formed dense 
prisms on the walls of the vessel, whereas the 4’-compound formed felted needles. No 3’-nitro- 
compound was detected in the later crops. The total nitration product was thus separated into 
o-, 40-1; p-, 49-0%. 

Combined Nitration and Oxidation.—2-Stilbazole (3 g.) was heated for 1 hr. at 90° with HNO, 
(d 1-42; 40g.), and diluted to 80c.c. with H,O. The ppt. was p-nitrobenzoic acid (yield, 37%). 
Copper picolinate (yield, 70%) was isolated from the filtrate. 

Further Nitration.—2’ (or 4’)-Nitro-2-stilbazole (2 g.) was treated (4 hr.) with HNO, (d 1-515; 
60 g.) at — 12°. The diluted product yielded bases, m. p. 155° [yields : from 2’-, 87%; from 
4’-, 63%; from the op-mixture Y (expt. 21), 83%], which when recryst. from EtOH gave 
2’ ;: 4’-dinitro-2-stilbazole, m. p. and mixed m. p. 166°. 

3-Nitro-2-stilbazole (5 g.) was treated with HNO, (d 1-515; 150g.) at — 5°. After 12 hr. the 
solution was basified. The pptd. bases (G, 1-0 g., m. p. 145°) when fractionally cryst. from EtOH 
gave 3’-nitro- (1%) and 3’ : 4’-diniiro-2-stilbazole (15%), deep yellow needles, m. p. 168° (Found : 
C, 57-4; H, 3-2. C,,H,O,N, requires C, 57-6; H, 3-3%), which when warmed with KMnQ, aq. 
gave 3: 4-dinitrobenzoic acid. m-Nitrobenzaldehyde (25%) was isolated from the filtrate from G. 

Nitration of 2-Phenylacetylenylpyridine.—(1) The nitrate (5 g.) [white prisms, m. p. 85° 
(decomp.), from CHCI, (Found : C, 64:1; H, 4-0. C,,H,N,HNO, requires C, 64-4; H, 4-1%)] was 
added (1 hr.) to conc. H,SO, (20 g.) at — 5°. After 1 hr. the solution was warmed to 10° (1 hr.) 
and poured on ice. The product was pptd. with NaOH aq. The first two crops (52%) were the 
pure 4’-nitro-compound. The third crop (22%), m. p. 50—130°, when cryst. from EtOH gave 
4’- (10%) and 2’-nitro-compound (10%). The fourth crop (11%), m. p. 51°, was nearly pure 2’- 
compound. The final crop (13%, m. p. 42°) (total yield, 97-7%), when cryst. from petroleum 
(b. p. 40—60°), gave 2’-nitro-compound (5%), and curved crystals (1-5%, m. p. 40—70°), which 
were purified as the picrate. The recovered base (0-3%) was the 3’-nitro-compound, m. p. and 
mixed m. p. 92°. Further small quantities of 2’- and 3’-nitro-compound were isolated as picrates 
(total yields, see Table I). 

(2) In nitric acid. The nitrate was added (15—30 min.) to HNO,;. The proportion of 4’- 
nitro-compound isolated from the product by crystn. from EtOH is given in Table IV. The 
oxidation which took place in addition to nitration was possibly selective, so that the p-variation 
is best shown by expts. 2, 5, and 6, in which the oxidation was slight. The product in expts. 
3, 7, and 8 was oily. A clean solid product was obtained by further treatment with HNO, (d 


1-470). 
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TABLE IV. 


Nitration of 2-Phenylacetylenylpyridine in Nitric Acid. 


No. of d of G. HNO, per Yield p- isolated 
expt. HNO,. g. nitrate. Temp. Tima, hr. (X %). % of X). 
91-0 68°7 
100°1 67°3 
(incomplete nitration) 
9 . . 


1516 3°0 —12° 
1-504 —12 
1-492 —12 
1-492 —12 
1-477 —12 
1-470 —10 
1-453 — 5 
1-422 — 5 


100-2 62-0 
97°0 62°3 
(incomplete nitration) 
(incomplete nitration) 
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2-0-Nitrophenylacetylenylpyridine, colourless needles, m. p. 55° (Found: C, 69-4; H, 3-5. 
C,;H,O,N, requires C, 69-6; H, 3-6%), from light petroleum, became brown in daylight, and 
when oxidised with KMnO, aq. gave o-nitrobenzoic acid. The picrate had m. p. 175° (decomp.). 

A mixture of 3’-nitro-2-stilbazole dibromide (4 g.), KOH (1-8 g.), and dry EtOH was distilled 
(3 hr.), diluted with H,O, and extracted with petroleum. The bases were fractionally pptd. 
with NaOH aq. from dil. HCl solution. The first crop (25%, m. p. 90°), when recryst. from 
petroleum, gave 2-m-nitrophenylacetylenylpyridine, pale yellow feathers, m. p. 93° (Found: C, 
69-3; H, 3-6%) (picrate, m. p. 199°). Later crops gave 3’-nitro-2-stilbazole. 

2-p-Nitrophenylacetylenylpyridine crystallised from EtOH in colourless needles, m. p. 157° 
(Found : C, 69-5; H, 3-6%) [picrate, m. p. 206° (decomp.)], and when oxidised with KMnO, aq. 
gave p-nitrobenzoic acid. 


The authors are indebted to Professor F. S. Kipping for his interest in this work, and to the 
Chemical Society for a grant. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, September 26th, 1932.] 





28. Podophyllotoxin. 
By ALEXANDER ROBERTSON and Roy B. WATERS. 


THE results of the earlier investigations on podophyllotoxin, the main constituent of the 
drug podophyllin, though to some extent contradictory, showed that the compound was a 
levorotatory hydroxy-lactone containing methoxyl groups and that it could be readily 
converted into the isomeride, picropodophyllin (Podwyssotzki, Arch. Path. Pharm., 1891, 
13, 29; Kiirsten, Avch. Pharm., 1891, 229, 220; Dunstan and Henry, J., 1898, 73, 212). 
Borsche and Niemann (Amnalen, 1932, 494, 126; 499, 59) and Spath, Wessely, and Korn- 
feld (Ber., 1932, 65, 1536, 1773) have established the empirical formula C,,H,,O, and have 
isolated a number of degradation products, the most important of which are podophyllomerol 
and podophyllomeronic, trimethylgallic,* hydrastic, pyromellitic, and benzenepenta- 
carboxylic acids. In consequence they propose formulz (I) and (II) for podophyllotoxin 
and picropodophyllin respectively. 
CH-OH 


\ a 
1) CH, eOCe- -CH,-OH cH,<2 CHCH.> qq) 


CH 
R = 3:4: 5-C,H,(OMe)s. 


An analytical investigation of podophyllotoxin initiated in 1929, the experimental results 
of which have already been contained in the memoirs of Borsche and Niemann and of Spath 


* The isolation of trimethylgallic acid as an oxidation product of picropodophyllin was first described 
by one of us (R. B. W.) in a thesis presented in June, 1931, for the degree of Ph.D. of the University of 
London. At the same time, following a suggestion by Professor R. Robinson, F.R.S., positive evidence 
of the presence of a methylenedioxy-group was obtained. 
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and his co-workers, led us to adopt as a working hypothesis the same carbon skeleton and 
relative positions of the methoxyl and methylenedioxy-groups as that proposed by these 
authors. 

According to Borsche and Niemann the dehydration of picropodophyllin with acetic 
anhydride and sulphuric acid or with phosphorus pentachloride gives rise to a compound, 
apopicropodophyllin, which in the crude state has m. p. 236—237° (sometimes 15—20° 
lower). They state that this product is purified by treatment with boiling acetic anhydride 
and sodium acetate (m. p. 214—216°) and is optically inactive. Spath and his co-workers 
obtained the compound, m. p. 214—216°, by the action of boiling acetic anhydride on 
picropodophyllin as well as by the procedure of Borsche and Niemann, and found that it 
was dextrorotatory. By the dehydration of picropodophyllin, using conditions comparable 
with those described by Borsche and Niemann, we have obtained a levorotatory lactone, 
m. p. 244° after purification. This compound, which we have named «-apopicropodophyllin, 
is readily converted by means of acetic anhydride and sodium acetate (or pyridine) into a 
dextrorotatory isomeride, m. p. 214—216°, 8-apopicropodophyllin. Both lactones give rise 
to the same strongly levorotatory apopicropodophyllic acid, but on being heated this acid 
re-forms «-apopicropodophyllin only. 

Podophyllomeronic acid, which was previously prepared from picropodophyllin (loc. 
cit.), has now been obtained from «- and from $-apopicropodophyllin. The constitution 
ascribed to podophyllomerol, which is formed by the decarboxylation of this acid (loc. cit.), 
has been conclusively established by the following synthesis: Reduction of the mixed 
keto-acids (III; R = H, R, = Me) and (III; R = Me, R, = H) resulting from the con- 
densation of veratrole and methylsuccinic anhydride (Fichter and Herbrand, Ber., 1896, 
29, 1193) with aluminium chloride gave rise to the acids (IV; R =H, R, = Me) and 
(IV; R = Me, R, = H), which on ring closure furnished a mixture of the ketotetrahydro- 
naphthalenes (V; R = H, R, = Me) and (V; R = Me, R, = H). The latter compounds 
on reduction gave only one product (VI). 


(IIT.) (3 : 4)(OMe),C,H,*CO*CHR-CHR,°CO,H —> -CH,CHR-CHR,°CO,H  (IV.) 


CH, CH, 
MeO” \” \CHR CHMe Me 
MeO. — CH, — oO 
O ‘H, 
(V.) (VI.) (VII.) 


The orientation of the methoxyl groups in ketotetrahydronaphthalenes of the type (V) 
prepared from veratrole by this route follows from the experiments of Haworth and Mavin 
(J., 1932, 1485). 

The conversion of (VI) into podophyllomerol (IX) was effected through the stages (VII) 
and (VIII) and the synthetical material was identical with a specimen derived from 
podophyllomeronic acid. 


HO’ \% O M O M 
WL SOOM — OOH 


(VIIL.) (IX.) (X.) 


Thus, since podophyllomeronic acid on oxidation yields pyromellitic acid, it must be 
represented by formula (X). 

Definite experimental evidence regarding the position of the pyrogallol residue and the 
nature of the free alcoholic hydroxyl group in podophyllotoxin (I) and picropodophyllin 
(II) is lacking. The ease with which picropodophyllin undergoes dehydration (podophyllo- 
toxin is not dehydrated under the same conditions) and the remarkable extrusion of the 
pyrogallol residue in the conversion of the tetrahydronaphthalene nucleus of picropodo- 
phyllin, etc., into podophyllomeronic acid (X) lead us to the view that podophyllotoxin and 
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picropodophyllin are represented by the modifications (XI) and (XII) of formule (I) and 
(II) respectively. 


AR. CR-OH CR 
cH,<O YQ. CH-CH,-OH \/NCHCH \/\¢-CHy0H 
sili hy oe A goco Mn ACOH 
Um, H CH 
(XI) (XI) (XIIT.) 


Since «- and $-apopicropodophyllin yield the same apopicropodophyllic acid (XIII), we 
consider that these compounds are geometrical and not structural isomerides. 


EXPERIMENTAL. 


a- and 8-apoPicropodophyllin.—In addition to the methods of prepn. already described, it 
was found that the addition of a drop of piperidine to a boiling solution of podophyllotoxin 
(5 g.) in MeOH (25 c.c.) and H,O (10 c.c.) caused an almost immediate separation of picropodo- 
phyllin, m. p. 215—216°, which had m. p. 226° after purification. The reaction does not take 
place in the absence of H,O. 

Conc. H,SO, (0-1 c.c.) was added to a warm solution of picropodophyllin (20 g.) in Ac,O 
(130 c.c.), and the mixture heated on the steam-bath for 40 min. After cooling, «-apopicro- 
podophyllin (12-5 g.) was collected, washed with Ac,O and then with EtOH, air-dried, and 
repeatedly crystallised from EtOH-—AcOH and once from AcOEt, forming slender needles, m. p. 
236—237°, [«]24, — 13-2° in CHCl, (c, 0-418) (Found: C, 66-5; H, 5-1. Calc. for C,.H,,O, : 
C, 66-6; H, 5-0%). In anumber of similar expts. the crude products had m. p.’s between 242° 
and 248°, which after several recrystns. from EtOH—AcOH fell to 234—236°. Repeated recrystn. 
of thecrude (m. p. 242°) or of recryst. material (m. p. 236—237°) from AcOEt finally gave specimens, - 
m. p. 244—245°, [«]24;, —17-5° in CHCl, (c, 0-4852). This compound is sparingly sol. in EtOH 
or acetone but readily in boiling AcOH or Ac,O. It dissolves in cold conc. H,SO,, forming a 
brownish-red solution which on being warmed darkens and becomes dull purple. 

Treatment of podophyllotoxin (5 g.) with a mixture of Ac,O (40 c.c.) and conc. H,SO, (0-2 c.c.) 
at 65—70° for 10 min. gave rise to acetylpodophyllotoxin, m. p. 204° after purification, [«]}\,, 
— 174-1° in CHC], (c, 0-4260)(Spath and co-workers record m. p. 204°, and Borsche and Niemann 
give m. p. 179—181°). 

a-apoPicropodophyllin (2 g.; crude or purified) was heated on the steam-bath with Ac,O 
(15 c.c.) and dry pyridine (5 c.c.) for 2-5 hr., and the mixture poured into H,O (200 c.c.). Next 
day $-apopicropodophyllin was collected and on crystn. from EtOH formed a mass of slender 
needles, m. p. 216°, [«]24;, + 117-6° in CHCl, (c, 0-5104), identical with a specimen prepared by 
means of boiling Ac,O and AcONa (Found: C, 66-5; H, 54%). This compound is more sol. 
in EtOH, AcOH, or AcOEt than the «-isomeride, from which it can readily be distinguished by 
its H,SO, reaction; with cold conc. H,SO, it forms a pale orange solution, which on warming 
becomes red, then purple, and finally violet. A mixture of the a- and the B-isomeride melted at 
203—208°. 

apoPicropodophyllic Acid.—a-apoPicropodophyllin (2-5 g.), m. p. 246°, was refluxed with 
EtOH (10 c.c.), H,O (10 c.c.), and NaOH (2-5 g.) on the steam-bath for 20 min., diluted with 
H,O (50 c.c.), cooled to 0°, and acidified (Congo-red) with cold dil. HCl. apoPicropodophyllic 
acid thus pptd. was isolated with CHCl, and on crystn. from C,H, formed colourless slender 
needles, m. p. 174° (decomp.), [«]#;, — 279-4° in CHCl, (c, 0-9624) (Found: C, 63-7; H, 5-6. 
Calc. for C,,.H,,0,: C, 63-7; H, 54%). This compound was identical with the acid (m. p. 174°) 
derived from $-apopicropodophyllin, for which Borsche and Niemann record m. p. 160—165° 
but do not state the rotation. The H,SO, reaction was identical with that of «-apopicropodo- 
phyllin. 

apoPicropodophyllic acid (2 g.) was converted into the a-lactone by being heated at 185° for 
$hr. Cryst. from AcOH, the product had m. p. 237°, alone or mixed with an authentic specimen, 
m. p. 236—237°. Repeated crystn. from AcOEt finally gave «-apopicropodophyllin, m. p. and 
mixed m. p. 244°, 

Podophyllomeronic Acid.—HI (20 c.c.; d@ 1-7) was added to a suspension of «- or B-apopicro- 
podophyllin (5 g.) in warm AcOH, and the mixture gently refluxed for 20 min. H,O (5c.c.) was 
then added and next day the cryst. acid (0-8 g.) was collected, washed with aq. NaHSO,, and 
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recrystallised from 80% AcOH, forming plates, m. p. 240°, identical with a specimen prepared 
from picropodophyllin (Found : C, 68-1; H, 46. Calc. for C,;H,,O,: C, 67-8; H, 44%). It 
forms in cold conc. H,SO, a pale yellow solution, which on heating becomes red and then purple. 

The production of the acid from either source is unaffected by the addition of red P to the 
reaction mixture. 

l- and 4-Keto-6 : 7-dimethoxy-2-methyl-1 : 2: 3: 4-tetrahydronaphthalenes—A mixture of 
methylsuccinic anhydride (10 g.), PhNO, (80 c.c.), veratrole (20 g.), and anhydrous AICI, (38 g.) 
was kept at room temp. for 50 hr. After the addition of ice (100 g.) and dil. HCl (50 c.c.) the 
PhNO, was removed in steam and the residual oil isolated with Et,O and dissolved in aq. NaHCO, . 
The filtered solution (charcoal) was acidified with conc. HCl, and the product obtained as a 
viscous syrup which did not solidify. 

The mixed 8-veratroylpropionic acids (22 g.) were reduced with amalgamated Zn (40 g.) and 
boiling conc. HCl (80 c.c.) during 5 hr., and the product (mixture) isolated with Et,O and purified 
by means of aq. NaHCO, . 

A mixture of the latter acids and 90% H,SO, (80 c.c.) was heated on the water-bath for 20 
min., cooled, and poured on ice (300 g.). A CHCl, solution of the semi-solid product was washed 
with aq. NaHCO, then with dil. aq. Na,CO,, and finally with H,O, dried, and evaporated. 
Distillation of the dark residue in a high vac. gave the mixed ketones as a colourless solid; a 
specimen cryst. from Et,O-light petroleum had m. p. 102—110° (Found: C, 70-6; H, 7:2. 
C,3H,,0, requires C, 70-9; H, 7-3%). 

6 : 7-Dimethoxy-2-methylnaphthalene.—Reduction of the foregoing mixture of ketones (7-5 g.) 
with amalgamated Zn (25 g.) and warm conc. HCl (40 c.c.) during 5 hr. gave rise to 6 : 7-di- 
methoxy-2-methyl-1 : 2 : 3 : 4-tetrahydronaphthalene (6-2 g.) as an almost colourless oil, which 
was dehydrogenated by being heated with powdered Se (12 g.) at 280—290° for 1 hr. and then 
at 300—310° for 17 hr. A MeOH extract of the reaction mixture was treated with charcoal, 
filtered, and evaporated. Distillation (twice) of the residue in a high vac. gave a colourless 
solid (4-5 g.), which had a faint greenish FeCl, reaction indicating the presence of a small amount 
of demethylated product. Addition of an excess of 1% aq. NaOH to a solution of this solid in 
the minimum amount of MeOH pptd. almost pure 6 : 7-dimethoxy-2-methylnaphthalene, m. p. 
95—96°, which crystallised from light petroleum in clusters of elongated prisms, m. p. 100° 


(Found: C, 77-0; H, 7-0. Calc. for C,;H,,O,: C, 77-2; H, 69%) (Borsche and Niemann 
record m. p. 98—100°). 

6 : 7-Dihydroxy-2-methylnaphthalene.—The dimethyl ether (2-5 g.) was heated (oil-bath at 
135—140°) with HI (25c.c.; d 1-7) and Ac,O (15 c.c.) for § hr. and, after cooling, a part of the 
product was pptd. as an almost colourless solid by the addition of an excess of 1% aq. NaHSO,; 
the remainder was isolated with Et,O. Cryst. from C,H,—ligroin, it formed elongated colourless 
prisms, m. p. 165° (Found: C, 76-0; H, 5-6. Calc. for C,,H,,O,: C, 75-9; H, 5-8%) (Borsche 


and Niemann give m. p. 161—162°). The substance gives with MeOH-FeCl, and with EtOH- 
FeCl, deep green and pure deep blue colorations respectively; in both cases the colour changes 
to blue-violet on dilution with H,O. 

6 : 7-Methylenedioxy-2-methylnaphthalene (Podophyliomerol).—A solution of the foregoing 
phenol in acetone (20 c.c.) and CH,I, (5 c.c.) was refluxed with anhydrous K,CO, until a sample 
failed to give a FeCl, reaction (5 hr.). More acetone (50 c.c.) was added, the solution filtered, 
the solvent distilled, and the excess of CH,I, removed in vac. The residue was washed with 
1% aq. NaOH and then with H,O, dried, and extracted with light petroleum. Evaporation of 
the filtered extract left podophyllomerol as a colourless solid, which crystallised from a small 
vol. of MeOH in colourless plates, m. p. 129°, and was identical with a specimen prepared by 
decarboxylating podophyllomeronic acid (Found: C, 77-2; H, 5-3. Calc. for C,,H,,0,: 


C, 77-4; H, 54%). 
The authors are indebted to the Chemical Society for research grants. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, East LONDON COLLEGE. 
UNIVERSITY OF LONDON. [Received, December 2nd, 1932.] 
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29. Studies in Dielectric Polarisation. Part V. Benzene Solutions 
of Pyrones, Thiopyrones, and Thioketones. Dioxan Solutions of 
Ureas and Thioureas. 

By Eric C. E. HUNTER and JAMES R. PARTINGTON. 


AN important difference between oxygen and sulphur is exhibited in the relatively much 
greater ease with which the latter element can increase in valency by co-ordination or by 
the formation of charged ions (Part I; J., 1931, 2062). The present communication 
extends our previous studies in this field and deals with some ketonic and thioketonic 
compounds. The apparatus used was that described in Part II (J., 1932, 2812). 

The results for the y-pyrones are of interest in relation to the well-known basic pro- 
perties of these compounds. The constitution of the salts of y-pyrones (I) has been the 
subject of much investigation and discussion (Henrich, ‘‘ Theories of Organic Chemistry,” 
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1922, 552; Knox and Richards, J., 1919, 115, 508; Gibson and Simonsen, J., 1928, 2309), 
which largely centred on the question as to whether addition of acid occurred on the ethereal 
or the ketonic oxygen, and the solution of the problem was considerably advanced when 
Kehrmann and Duttenhéfer (Ber., 1906, 39, 1299) obtained a well-defined iodide from the 
yellow syrup resulting from the interaction of methyl sulphate and dimethylpyrone. 
Baeyer (Ber., 1910, 43, 2337; cf. Hofmann, 7bid., p. 2624; Decker and von Fellenberg, 
Annalen, 1907, 356, 281; Robinson, J., 1916, 109, 1041) found that a readily crystallisable 
perchlorate was formed by the addition of perchloric acid to the yellow syrup, and that 
both the perchlorate and the iodide on treatment with ammonium carbonate solution 
in the cold gave immediately methoxylutidine. The conclusion was drawn that the 
pyrone salt has a benzenoid structure (II), although the normal reaction between pyrones 
and ammonia is to replace oxygen in the ring by NH, and not N. 

Physicochemical experiments (Walden, Ber., 1901, 34, 4189; 1902, 35, 1242; Sackur, 
ibid., 1902, 35, 1242; Rérdam, J. Amer. Chem. Soc., 1915, 37, 557) showed that dimethyl- 
y-pyrone is a very weak base, or an amphoteric electrolyte, its salts being largely hydrolysed 
in aqueous solution. This result was confirmed, and a comparison of the basic strengths 
of dimethyl-, diphenyl-, and phenylmethyl-y-pyrones determined, by Mitchell and Parting- 
ton (J., 1929, 1862) and Johnson and Partington (J., 1931, 86). The following values 
for the basic constant K = [B-H‘][H,O]/[H,O'][B], were found: Ethyl alcohol 0-18; 
y-pyrone 0-548; diphenyl-y-pyrone 1-25; phenylmethyl-y-pyrone 1-83; dimethyl-y- 
pyrone 2-74. From these values of K the general relation between the electrochemical 
character of the substituent (W. A. Noyes, Ber., 1924, 57, 1233) and the basic strength 
is seen to be what would be anticipated. 

The evidence supports formula (II) for the pyronium ion, hydrion of H’X’ having 
added to the carbonyl group to form a structure like a tertiary alcohol (cf. Robinson, J., 
1916, 109, 1041). There is much other evidence (which cannot be fully considered here) 
that hydrion co-ordination takes place, if at all, with great difficulty on an ethereal or 
ketonic oxygen when present alone in a molecule, so that the possibility of rearrangement 
in the rest of the molecule, ¢.g., of the y-pyrone (I), is of importance. 

The availability of hydrogen chloride in alcohol, as measured, ¢.g., by its catalytic 
effect, is unaffected by the presence of ethyl ether (Partington, J., 1910, 97, 19; Mitchell 
and Partington, J., 1929, 1862), methyl ether (Mitchell and Partington, 7b:d.), di-n- and 
-iso-propyl ethers, furan (Johnson and Partington, J., 1931, 86), and acetone (Lapworth, 
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J., 1908, 98, 2199). The lower dipole moment (0-63 x 10-18) of furan as compared with an 
aliphatic open-chain ether, shows that appreciable interaction occurs owing to the presence 
of the double bonds in the former molecule (see Part I., p. 2070). This interaction probably 
leads to a diminution of negative charge on the oxygen, so that the basic properties of 
the latter are inhibited. The simultaneous presence of ethereal and ketonic oxygen in 
the ring, as in the y-pyrones, confers basic properties, since now the ethereal oxygen may 
acquire a positive charge owing to rearrangement of the double linkages in the ring (cf. 
Hewitt, J., 1902, 81, 663; Ghosh, J., 1915, 107, 1588). The ethereal oxygen is acting as 
a source of electrons, and unless a suitable receiver of these is also present, no basic function 
is assumed by the molecule. We think it useful to draw attention to these considerations, 
already advanced on purely chemical grounds [Robinson, ‘‘ Outline of an Electrochemical 
(Electronic) Theory of the Course of Organic Reactions,” Institute of Chemistry, 1932, 
p. 15], since the physicochemical investigations to which reference is made can be satis- 
factorily explained by them. 

The extensive series of experiments on the formation of supposed oxonium compounds 
from ether and other oxygen compounds such as cineol, and complex acids, made by 
Baeyer and Villiger (Ber., 1901, 34, 2679, 3612; 1902, 35, 1201) are not at all satisfactory 
from the point of view of modern physicochemical research, and the large mass of material 
collected is in need of complete revision (cf. Holleman, ‘‘ Text-book of Organic Chemistry,” 
1930, p. 296; Hantzsch, Ber., 1919, 52, 1543). 

Apart from the existence of solid hydrates of inert gases, the large number of anomalous 
salt hydrates (Ephraim, “‘Chemische Valenz und Bindungslehre,” 1928, 127, 229 ff., 243) 
makes any general application of the present theories of valency difficult. A tendency 
to produce electroneutrality in small regions, which apparently operates in ion association 
in crystals (Pauling, J. Amer. Chem. Soc., 1929, 51, 1010), is very probably also involved 
in the association of molecules possessing dipoles to form solid aggregates, but the mechanism 
is at present too vague to permit of useful application. The crystal structures of NH,CIO, 
and HCI1O,,H,O are in agreement with the supposition that in the latter the ions H, O° 
and ClO,’ are present (Volmer, Annalen, 1924, 440, 200). 

Spectroscopic evidence (Hantzsch, Ber., 1919, 52, 1535, 1544) aiatene that the salts 
of dimethylpyrone and dimethylthiopyrone exist in two chromoisomeric forms, as is the 
case for the simple ammonium, phosphonium, and sulphonium compounds. The colour- 
less forms are true salts, corresponding with those of pyridine, and their ultra-violet 
absorption spectra indicate the presence of a benzenoid structure. Since dimethylthio- 
pyrone is coloured, owing to the presence of the CS chromophore, and its salts are colour- 
less, Hantzsch concluded that, in the latter, the thioketo-group has disappeared. These 
conclusions find support in the work of Arndt, Scholz, and Nachtwey (Ber., 1924, 57, 
1903) and Arndt and Lorenz (zbid., 1930, 68, 3121), who suppose the colourless pyronium 
ion to be (III) and write dimethylthiopyrone as internally ionised as in (IV): Salt form- 
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8 
ation then occurs by co-ordination of hydrion at the >C—O or >c-8 group, which groups 
are the seats of powerful electric fields. Once the C-OH or C-SH group is formed, it 
differs in no respect from a carbinol or thiocarbinol group. 

This aspect of the structure of pyrone compounds involves the instability of the con- 
ventional keto- and thioketo-groups. The latter are especially unstable, since the aliphatic 
thioketones R,R,C—S exist in stable trimeric modifications only, and show cis-trans- 
isomerism, pointing to the formation of a six-membered ring in which the C—S group 
has disappeared (Baumann and Fromm, Ber., 1891, 24, 1419). 

Monomeric thioketones occur in the aromatic series, e.g., thiobenzophenone, where 
the phenyl group stabilises this form. These compounds are still very reactive, forming 
trisulphides by atmospheric oxidation (Schénberg, Schiitz, and Nickel, Ber., 1928, 61, 
2175), and the replacement of phenyl by hydrogen or alkyl groups promotes association 
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(Schonberg, Ber., 1929, 62, 195). The greater deformability of sulphur as compared 
with oxygen (see Parts II—IV; J., 1932, 2812) makes it very susceptible to the 
fields of other groups. The C—S group is a strong chromophore, thiobenzophenone 
being deep blue. Introduction of auxochrome groups, such as OMe, however, does not 
deepen the colour, and thiodi-p-methoxybenzophenone is lighter in colour. This is ex- 
plained by Bergmann, Magat, and Wagenberg (Ber., 1930, 63, 2576) on the assumption that 
thiobenzophenone is a free radical, which agrees with its capacity of forming a peroxide : 


Ph,C—S. 


EXPERIMENTAL. 


Preparation of Materials—C,H, was purified as in Part I. Dioxan was dried by refluxing 
with Na wire until no action occurred on adding excess Na. This was found necessary in order 
to remove any uncyclised glycol. The product was then carefully fractionated and frozen 
until of const. density. Of two specimens, both purchased from British Drug Houses Ltd., 
one had D®” 1-0330, the other 1-0340. It was found impracticable to purify the dioxan of 
D*®” 1-0330 beyond this limit. In any case, this specimen was suitable for use as a solvent. 
The ureas were purchased and used direct. Thiodimethyl-y-pyrone was prepared from dimethyl- 
y-pyrone (purchased from British Drug Houses Ltd.) according to the method of Hantzsch 
(Ber., 1919, 52, 1535). Thiobenzophenone was made according to the method described in 
‘“‘ Chemical Syntheses ”’ (1931, Vol. XI, p. 94). The specimen of diphenyl-y-pyrone was identical 
with that used by Johnson and Partington (J., 1931, 86) and was kindly placed at our disposal 
by Mr. Johnson. 

Resulis—The electronic polarisations, Py, of the solids were calc., as usual, from the sum 
of the at. refractions (Smyth, Engel, and Wilson, J]. Amer. Chem. Soc., 1929, 51, 1736). Since 
the orientation polarisation of the compounds is in every case large, above 200 c.c., a small 
error in Py will not sensibly affect the value of the dipole moment. The symbols and methods . 
of calculation employed are the same as those used in previous communications. 

It should be pointed out that the bond angle 90° for H,S adopted in Part II on the basis 
of Raman spectrum observations by Dadieu and Kohlrausch, had already been deduced theor- 
etically by Pauling (J. Amer. Chem. Soc., 1931, 53, 1376). The Raman spectra indicate that 
the C-S linkages in thiophen, mercaptans, and alkyl sulphides have practically the same charac- 
teristic vibrations, and the S—H linkage vibration is identical with that in H,S (Crigler, J. Amer. 
Chem. Soc., 1932, 54, 4199). 





Studies in Dielectric Polarisation. 





I. Benzene Solutions. II. Dioxan Solutions. 
Ie Se D%". €. P xq, CC. f,. Se D™. €. P,,, C.C. 
Dimethylpyrone, m. p. 132°. s-Dimethylurea, m. p. 101°. 
0 l 0°8785 2277 26°52 0 1 10330 2-316 26°00 
000871 0°99129 0°8805  2°502 29°73 000240 099760 1:0330 2-404 27°18 
000998 0:99002 0°8809 2°513 29°88 000365 0°99635 10331 2-451 27°79 
001512 0-98488 0°8827 2-666 31°84 000683 0°99317 1:0332 2°567 29°24 
001979 0-98021 0°8850 2-806 33°53 000902 0°99098 1-0333 2°638 30°10 
Diphenylpyrone, m. p. 139—140°. s-Diethylthiourea, m. p. 76°. 
0 1 0°8785 2277 26°52 0 1 10340 2320 26-01 
00043 §©0°9957 08814 «2°375 «= 2809 000350 0°99650 1:0346 2-450 27°78 
00052 0°9948  0°8820 2°377 28°20 000818 0°99182 1:0350 2615 29°89 
, " 001286 0°98714 1:0351 2°842 32°55 
Ceneeny ee. a. B DEF. 001359 0°98641 11-0353 2°856 32°73 
0 I 08785 = 2281 26°58 001943 0°98057 10356 3126 35°61 
000349 0°99651 0°8794 2°412 28°46 ~ : 4 
0°00597 0°99403 0°8804 2°513 29°89 Carbanilide (40°), m. p. 238°. 
0-0u983 0°99017 0°8821 2°679 31°98 0 1 10120 2-278 25°98 
001607 0°98393 0°8841 2°903 34°70 000196 099804 10129 2°334 26°83 
Thiobenzophenone, m. p. 52—53°. 0-00321 0-99679 1-0135 2-374 27°42 
P ; oates | 9-481 26-58 0-00355 0 99645 i 1 0136 2-381 , 27°52 
000362 0°99638 0°8801 2°340 27°57 Thiocarbanilide (20°), m. p. 153°. 
000675 0°99325 08817 2394 28°40 0 1 10330 2°316 26-003 
001382 098618 0°8850 2-510 30:19 000289 0°99711 1:0343 2-422 27-524 
, = 000463 0°99537 1:0352 2-487 28-400 
Sn, MB. Sree > ' 000675 0°99325 1:0363 2560 29-407 
0 1 0°8785 2-281 26°58 : ‘ é ; : 
: 001142 0°98858 10382 2-725 31°522 
00563 0°9437 0°8867 2282 26°36 : ; ; é . 
001225 0°98775 1-:0389  2°765 32-016 
0°1107 0°8893 0°8943 2-284 26°54 0°01835  0°98165 10414 2-967 34640 
01879 O-8121 0:9065  2°293 26°53 
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Studies in Dielectric Polarisation. 





III. Summary of Results. 


































P;. Px. Po. p X 10%, 

Dimethyl-y-pyrone — .....6....eeeeeeeeeee 385 35* 350 4°05 
Diphenyl~y-pyTone ........+2-+0eeseeeeeee 380 72 308 3°82 
Dimethylthio-y-pyrone .............0++++ 580 41 539 5°05 
Thiobenzophenone .............ssseeeeeeee 304 63 241 3°37 
RINNE vive ccccveccccswccesccveccesovecccsoons 26 21-7* 43 0°40 
OA MUNIND, 6 nivnccccevscnsccssdscavens 520 27 493 4°8 

s-Diethylthiourea ............sseecseeeees 545 43°5 501°5 49 

RAE EE) cicscsaccccscssconccscs 480 65 415 4°6 

BRMOEEMEEOD cvccccescccccccccscscsecess 570 72* 498 4°85 


* Measurements made of the refraction of the liquid or solution. Owing to the sparing solubility 
of the substances, the results for the ureas and thioureas are liable to an error of + 0°1 unit. 


DISCUSSION OF RESULTS. 





The valves of the dipole moments show that the pyrones and thiopyrones do not con- 
tain the ether and keto- (or thio-ether and thio-keto-) groups, as had been concluded 
previously from the chemical evidence, since, if this were so, the resultant moments would 
be expected to be the algebraic sums of the group moments : 


s— C=C 8+ 8— §— C=C b+ 8— 
0<¢=c>C—0 p = 1°75 calc. (obs. 4°05 0<c=—¢>CS pe = 2:2 calc. (obs. 5°05 for 
8+ for dimethylpyrone). 8+ dimethylthiopyrone). 
<—_ oe << 
1-2 2-95 1-2 3-4 


The C—O moment is taken as that of benzophenone, 2-95 (Donle and Volkert, Z. 
physikal. Chem., 1930, B, 8, 60); the C—S moment, that of thiobenzophenone 3-4 (present 


paper), and the o<t moment that of an ether (see Part III). The measured moments 


of the pyrones and thiopyrones, which are much greater than these calculated values, 
point to the presence of polar bonds, as in the structure assigned to them by Arndt and 
co-workers [see formule (III) and (IV) above]. 
It is noteworthy that, in the case of compounds containing sulphur and oxygen united 
only to carbon, the dipole moment of the C-S bond is greater than that of the C-O bond. 
This has been found by us to be true for the ethers and sulphides, and is supported by the 
data presented in this paper. In the case of doubly bound sulphur and oxygen, the follow- 
ing results have been found (all multiplied by 1018). 
CO, uw = 0 (Stuart, Phystkal. Z., 1928, 47, 457). 
COS, u = 0-65 (Miles and Zahn, Physical Rev., 1928, 32, 497). 
Benzophenone, p = 2-95 (Donle and Volkert, Joc. cit.). 
Thiobenzophenone, » = 3-4 (present work). 
Dianisyl ketone, » = 3-9 (Donle and Volkert, Joc. cit.). 
Dianisyl thioketone, » = 4-4 (Donle and Volkert, Joc. cit.). 





SUMMARY. 


The dipole moments (yu x 1078) of dimethyl-y-pyrone (4-05), diphenyl-y-pyrone (3-82), 
dimethylthio-y-pyrone (5-05), thiobenzophenone (3-37), dioxan (0-40), s-dimethylurea 
' (4-8), s-diethylthiourea (4-9), carbanilide (4-6), and thiocarbanilide (4-85) have been deter- 
mined. The chemical properties of these compounds are discussed, as well as the mechanism 

of the formation of oxonium salts. 
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thanks the Department of Scientific and Industrial Research for a maintenance grant. 


a eS — a 


East LONDON COLLEGE, UNIVERSITY OF LONDON. (Received, December 8th, 1932.] 

















New Derivatives of p-Arsanilic Acid. Part IV. 91 


30. New Derivatives of p-Arsanilic Acid. PartIV. p-Arsonoadipanilic 
Acid and Related Compounds. 


By GILBERT T. MorGAN and Eric WALTON. 


A SERIES of adipyl derivatives of p-arsanilic acid (Il; m= 4; RR’ =H,; H,Me; Me,; 
H,Et; H,m-Pr; and H,Ph respectively) has now been prepared by condensing the acid 
chloride of methyl hydrogen adipate with atoxyl, and treating the resulting methyl 
p-arsonoadipanilate (Il; R‘ = Me) with the appropriate amine. The crude amides, in 
some cases, were admixed through hydrolysis with p-arsonoadipanilic acid (I1; R” = H), 
which was most effectively removed by fractional precipitation of its sodium salt from 
dilute alcohol, whereas the piperidide could not be prepared owing to hydrolysis of the 
methyl ester (II) by piperidine. 


AsO,H, AsO;H, 
(I.) (II.) 


NH-CO-[CH,],°CO*-NRR’ NH-CO-[CH,],°CO,R” 
p-Arsonoadipanilic acid was converted into p-dichloroarsino- and p-oxyarsino-adipanilic 
acids by the usual methods. 

Reports from Professor Warrington Yorke, F.R.S., indicate that trypanocidal activity 
is being well maintained in the present case, in comparison with members of the lower 
homologous series, as shown in the following summary, into which more promising data * 
for two glutaryl derivatives are also introduced (cf. Part III; J., 1932, 276). 


Sodium salts. M.L.D. M.C.D. C.R. Sodium salts. M.L.D. M.C.D. C.R. 
Methyl ester (II) ............ 12°5 6°25 2 n-Propylamide (I; m=4) <100 <30 3 
Ethyl ester (II) ............ 125 12°5 1 Anilide (I; m=4)_......... <10 <10 1 
Amide (I; #=4) ............ 50 12°5 4 Adipanilide - pp’ - diarsonic 
Methylamide (I; m=4) ... 100 25 4 DOME cssccccvanscvescosdecess 20 inactive — 
Dimethylamide (I; n=4) 100 12 8 *Dimethylamide (I; »=3) 100 12°5 8 
Ethylamide (I; »=4) ...... >50 12 >4 *n-Propylamide (I; n=3) 100 12°5 8 


M.L.D. = Minimum lethal dose. M.C.D. = Minimum curative dose. (Both as mg. per 20 g. 
of mouse.) C.R. = Curative ratio. 


Several of the more active compounds described in this and the earlier papers are 
being subjected to more extensive tests. 


EXPERIMENTAL. 


Methyl Hydrogen Adipate——-A modification of Blaise and Koehler’s method (Bull. Soc. 
chim., 1910, 7, 216) was employed. Adipic acid (29-2 g.), MeOH (20 c.c.), and conc. H,SO, 
(4 c.c.) were heated for 3 hr. at 100°. The mixture was diluted with H,O (250 c.c.), an Et,O 
extract (A) well shaken with an excess of NaHCO, aq., and the aq. layer acidified and again 
extracted with Et,O (B). The dried Et,O solution (B), on fractionation, yielded methyl 
hydrogen adipate (7 g.), b. p. 178°/30 mm., m. p. 9°, and the solution (A) afforded dimethyl 
adipate (8 g.), b. p. 128°/30 mm. 

Ethyl hydrogen adipate (9 g.), b. p. 185°/35 mm., m. p. 28°, and diethyl adipate (15 g.), 
b. p. 140°/28 mm., were obtained in the same way from adipic acid (29-2 g.), EtOH (38 c.c.), 
and conc. H,SO, (4 c.c.) heated for 10—12 hr. at 100°. 

Considerable quantities of dimethyl adipate having accumulated from the esterification of 
adipic acid, an alternative method for the prep. of methyl hydrogen adipate, based on Fourneau 
and Sabetay’s procedure for the ethyl hydrogen ester (Bull. Soc. chim., 1928, 48, 859), was 
adopted with success. A mixture of dimethyl adipate (192-8 g.) and adipic acid (166 g.) was 
heated for 5 hr. at 230° and then distilled in vac., with production of two fractions A and B. 
Fraction A, b. p. up to 160°/30 mm., was ultimately remixed with the residual adipic acid; 
B, b. p. 170—180°/30 mm., was shaken with an excess of NaHCO, aq. and subsequently 
worked up as already described. Continued repetition of this process yielded 60—70% of 
methyl hydrogen adipate. 
3-Carbomethoxyvaleryl Chloride.—A mixture of methyl hydrogen adipate (10 g.) and SOCI, 
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(8 c.c.), kept for 3 hr. at room temp. and then for 3 hr. at 40°, yielded on distillation the acid 
chloride (9 g.), b. p. 141°/36 mm. (Found: Cl, 196. C,H,,0,Cl requires Cl, 19-9%). 
8-Carbethoxyvaleryl chloride prepared in the same way from ethyl hydrogen adipate distilled 
at 145°/35 mm. (Blaise and Koehler, /oc. cit.). 

Methyl p-Arsonoadipanilate (II; R’ = Me).—8-Carbomethoxyvaleryl chloride (0-5 c.c.) 
was shaken with atoxyl (1 g.) in N-NaOH (5-3 c.c.), and the clear solution poured into cold dil. 
acid. The pptd. methyl p-arsonoadipanilate crystallised from H,O in plates, sol. in EtOH 
(yield recryst., 33 g. from 80 g. of atoxyl) (Found: As, 21:2. C,;H,,O0,NAs requires As, 
20-9%). The sodium salt crystallised in leaflets from dil. EtOH at 0°; py, 9 (Found: As, 
18-2; H,O, 7-4. C,,;H,,O,NAsNa,2H,0 requires As, 18-0; H,O, 8-6%). 

Ethyl p-arsonoadipanilate (II; R’” = Et), prepared in the same way from 8-carbethoxy- 
valeryl chloride, crystallised from H,O in prisms, sol. in EtOH (Found: As, 20-3. C,,H,JO,NAs 
requires As, 20-1%). The sodium salt is indefinitely cryst.; p, 8 (Found: As, 19-0. 
C,,H,,0,NAsNa requires As, 19-0%). 

p-Arsonoadipanilic acid (Il; R’” =H), readily obtained by hydrolysis of the foregoing 
esters, crystallised from H,O in needles, sol. in hot EtOH (Found: As, 21-7. C,,H,gO,NAs 
requires As, 21-7%). 

p-Dichloroarsinoadipanilic acid, obtained from II (R” = H) by reduction with SO, in 
conc. HCl solution, separated from C,H, in felted needles, m. p. 138° (Found: Cl, 19-25. 
C4,H,,0,;NCI,As requires Cl, 19-4%). Hydrolysis with dil. alkali afforded p-oxyarsinoadipanilic 
acid, a white, indefinitely cryst. solid (Found : As, 24-1. C,,H,sO,NAs requires As, 24-1%). 

Adipanilamide-p-arsonic Acid (I; RR’ = H,).—The methyl ester (II) (7 g.) was treated at 
0° with aq. NH, (d 0-88) (50 c.c.) and sufficient H,O (about 5 c.c.) to bring it into solution, 
and after 2 days the solvent was removed in vac. and more aq. NH, added to the residue. 
After a further 7 days the solvent was again removed in vac., and the residue dissolved in 
H,O and acidified. The ppt. was dissolved in 2N-NaOH to a neutral solution, and an excess 
of EtOH added. The filtrate, after 12 hr. at 0°, deposited the sodium salt (4 g.), which, after 
repetition of this process, crystallised in rosettes of silky prisms, py 5-5 (Found: hydrolysable 
N, 3-8. C,,.H,,0;N,AsNa requires hydrolysable N, 3-8%). 

Adipanilamide-p-arsonic acid, from the pure Na salt, crystallised from H,O in rectangular 
plates, almost insol. in EtOH (Found: hydrolysable N, 3-9, 4-0. C,,H,,O;N,As requires 
hydrolysable N, 41%). 

A dipanilomethylamide-p-arsonic acid (I; R, R’ = H, Me), obtained from the methy] ester (II) 
(2-2 g.) and 33% aq. NH,Me (5 c.c.) after 48 hr. at room temp., separated from H,O in micro- 
crystals (1-3 g.), slightly sol. in hot EtOH (Found: hydrolysable N, 3-9. C,,;H,g0O;N,As 
requires hydrolysable N, 3-9%). The sodium salt, py 6-5, crystallised from dil. EtOH in 
prisms (Found : hydrolysable N, 3-3. C,3;H,s,0;N,AsNa,2H,O requires hydrolysable N, 3-4%). 

Adipanilodimethylamide-p-arsonic Acid (I; RR’ = Me,).—The methyl ester (II) (4 g.) and 
58% * aq. NHMe, (8 c.c.), when heated for 5 hr. at 75° in a sealed tube, separated into two 
layers; NHMe, was removed and the residue acidified. The resulting arsonic acid was con- 
verted into its Na salt (p, 6-0) with 2N-NaOH, and EtOH (70—90 c.c.) added until milky. 
The mixture was warmed on the steam-bath, the ppt., consisting of sodium p-arsonoadipanilate, 
removed, and the filtrate evaporated to dryness in vac. The residue, dissolved in H,O and 
acidified, gave adipanilodimethylamide-p-arsonic acid (2-2 g.), crystallising from H,O in long 
needles, slightly sol. in hot EtOH (Found: hydrolysable N, 3-6. C,,H,,;O;N,As requires hydro- 
lysable N, 3-76%). The sodium salt crystallised from conc. solution in cold H,O in needles 
and from dil. EtOH in leaflets; p, 6-0 (Found : hydrolysable N, 3-3. C,4H,O;N,AsNa,H,O 
requires hydrolysable N, 3-4%). 

A dipaniloethylamide-p-arsonic acid (I; R, R’ = H, Et) was prepared from the methy] ester (I1) 
(4 g.) and 33% aq. NH,Et (8 c.c.), heated for 3 hr. at 75° as described for the dimethylamide, 
except that the mixture of Na salts (pg 8) was treated at room temp., to obviate hydrolysis, 
with EtOH until just milky, and the process repeated on the filtrate with use of more EtOH 
and charcoal. The ethylamide (2 g.) crystallised from H,O in slender prisms, sol. in EtOH 
(Found : hydrolysable N, 3-75. C,,H,,0O;N,As requires hydrolysable N, 3-76%). The sodium 
salt, prepared by evaporation of its solution, crystallised in minute irregular leaflets; py 8 
(Found : hydrolysable N, 3-25. C,,H,0;N,AsNa,2H,O requires hydrolysable N, 3-26%). 

Adipanilo-n-propylamide-p-arsonic acid (I; R, R’ = H, Pr), from the methyl ester (II) 
(5 g.) and 60% * aq. NH,Pr@ (10 c.c.) heated for 2} hr. at 75°, crystallised from H,O in clusters 


* The use of weaker amines led to increased production of p-arsonoadipanilic acid. 
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of needles (2-5 g.), sol. in hot EtOH (Found: hydrolysable N, 3-5. C,;H,;0;N,As requires 
hydrolysable N, 3-6%). The sodium salt, py 7-5, is microcryst. (Found: hydrolysable N, 3-3, 
3-5. C,;H,,0;N,AsNa requires hydrolysable N, 3-4%). 

Adipanilide-p-arsonic Acid (1; R, R’ = H, Ph).—#-Arsonoadipanilic acid (3 g.) and an 
excess of NH,Ph were refluxed for 3 min., the crude acid, obtained by acidifying the product, 
was dissolved in 2N-NaOH to pf, 7-5 and treated with EtOH (60—70 c.c.) at 70°, and the 
filtrate evaporated. When an aq. solution of the residue was acidified, adipanilide-p-arsonic 
acid (3 g.) separated as an indefinitely cryst. solid, only slightly sol. in H,O and EtOH (Found : 
As, 18-4. C,,H,,0;N,As requires As, 17-99%). The sodium salt crystallised from its conc. aq. 
solution or from dil. EtOH in needles; py, 7:5 (Found: As, 16-0. C,,H,0;N,AsNa,H,O 
requires As, 16-3%). 

Adipanilide-pp’-diarsonic acid was prepared by shaking adipyl] chloride (0-3 g.) (Blaise and 
Koehler, Bull. Soc. chim., 1909, 5, 683) with atoxyl (1 g.) in N-NaOH (3-5 c.c.) and acidifying 
the product. The diarsonic acid, washed with boiling H,O, in which it was almost insol., was 
a white amorphous solid, insol. in EtOH (yield, 4 g. from 8 g. of atoxyl) (Found: As, 27-5. 
C,3H,20,N,As, requires As, 27-6%). The disodium salt separated from dil. EtOH in micro- 
crystals, py 7-0 (Found: As, 25-8. C,,H»O,N,As,Na, requires As, 25-5%). 


Note on Succinyl Derivatives of p-Arsanilic Acid. 


The following details amplify the experimental section of ‘‘ New Derivatives of p-Arsanilic 
Acid,” Part I (J., 1931, 617). 

1. The fusion of atoxyl and succinic anhydride, as recorded on p. 617 (loc. cit.), has been 
found to yield pure p-arsonosuccinanilic acid, ASOs;H,°CgH,y*-NH-CO-CH,°CH,°CO,H (III), only 
when the crude product is lixiviated with a slight excess of hot alkali. It crystallised from 
H,O in needles (Found : As, 23-7, 23-8. Cj, gH,,O,NAs requires As, 23-65%). 

a 


2. Succinanil-p-arsonic acid, ASO,;H,°C,H,'N (IV), prepared as described on p. 619 


CO-CH, 
(loc. cit.), crystallised from H,O, in which it is comparatively stable, in irregular silky plates 
(Found : As, 25-2, 25-15. C4 gH,O;NAs requires As, 25-1%). 

3. The methylamide and ethylamide (p. 618, loc. cit.) have now been obtained by using 
the anil (IV) in place of the acid (III), from which they are directly unobtainable. 
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31. Depression of the Melting Point of r-isoBorneol, 1-Borneol, and 
d-Camphoroxime by Various Substances. 


By T. S. PATTERSON, JANET H. BLAckwoop, and J. MCWHINNIE STEWART. 


THE possibility of using camphor as a solvent for cryoscopic molecular weight deter- 
mination, first pointed out by Jouniaux (Bull. Soc. chim., 1912, 11, 546, 722), was demon- 
strated by Rast (Ber., 1922, 55, 1051; see Le Févre, Nature, 1930, 126, 760). The method, 
however, presents some difficulties due to the high melting point and the easy volatility 
of camphor. We have therefore made experiments to ascertain (1) whether other sub- 
stances—perhaps those related to camphor—would show a similar high depression, and 
(2) whether any of these might be more suitable for cryoscopic determinations than 
camphor itself. Some of the experiments recorded here were made several years ago by 
one of us, and the remainder were carried out more recently by another. The data of the 
two observers agreed well. Since we commenced our work Le Févre, with Webb and 
with Miss Tidemann (J., 1931, 1211, 1729), has published papers on a similar subject, and 
communications by Pirsch (Ber., 1932, 65, 862, 1839) include some of the solvents 
examined by us. 

The technique employed was similar to that suggested by Rast. Definite proportions 
by weight of solute and solvent were placed in a small tube closed by a cork, into which 
was fixed a darning needle. The solid was melted and stirred thoroughly with the needle. 
After cooling, the solid mixture was ground up, pressed into rather wide melting-point 
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tubes, and the disappearance of a “ skeleton,’’ similar to that seen in camphor solutions, 
was taken as the true m. p. By diluting an approximately 10% stock solution, solutions 
of lower concentrations were obtained. The method, we consider, is, in general, not one 
of great accuracy, and is not suitable for isolated, but only for a series of, observations. 
r-isoBorneol (m. p. 212°).—Our experiments with r-isoborneol as a solvent, and hexa- 
acetyl mannitol and acetanilide as solutes, are represented by one of the lines on the 
diagram, in which observed depression is plotted against concentration expressed as 
g.-mols. of solute per 100 g.-mols. of solvent, a method which permits of direct comparison, 
on the same diagram, of results of this kind, not merely for different solutes in the same 
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solvent, but also in different solvents. Hexa-acetyl mannitol and acetanilide evidently 
depress the m. p. of isoborneol in a similar manner, and the relationship between molar 
concentration and depression is linear, at least up to mol. concn. = 10 (¢c = 13). The 
average constant (K) for isoborneol from these experiments is 466, as a mean of all the 
data; and 462, from the slope of the graph. isoBorneol, however, is rather more easily 
volatile than /-borneol (see on), and its m. p. is a little higher than that of camphor. 
1-Borneol (m. p. 207-8°).—The m. p. depressions of /-borneol brought about by acet- 
anilide, o-chlorobenzoic acid, hexa-acetyl mannitol, and—since we thought it of some 
interest to examine a pair of optical antipodes—isobutyl d-tartrate, isobutyl /-tartrate, 
and isobutyl racemate are also shown in the diagram, but to avoid confusion of the 
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experimental points, we have displaced the graph for /-borneol a little towards the right. 
All the data obtained are recorded, and they therefore give a good notion of the error 
inherent in the method, in the hands of independent observers. The depression of the 
m. p. of /-borneol is also very considerable and of the same order as in camphor. Further, 
within the limits of our experiments—up to concentrations of about 12°—the relation- 
ship between concentration and depression is practically linear, although there is con- 
siderable variation of individual observations. The maximum depression observed was 
25° in a 10-04% solution of o-chlorobenzoic acid; the average constant for /-borneol is 
384, taking the mean value of all the data, and 355, from the slope of the graph. That 
there is a slight difference between /- and iso-borneol is indicated by the slightly different 
slope of the two graphs. The data for the tartrates fit in with the rest; there is no 
appreciable difference between the three substances, they all appear to affect the m. p. of 
J-borneol in the same way as the other compounds examined. It seems likely, however, 
that any difference which might exist in their behaviour would be too small to be 
detected by this method. 

d-Camphoroxime.—The data for camphoroxime as solvent differ from those already 
mentioned, and are recorded below in detail. 


Solvent : Camphoroxime, M = 167; m. p. 119-6°. 


Solute : Acetanilide, M 135. Solute : o-Chlorobenzoic acid, M 156°5. 
Mol. C.* Depn. of m. p. C.t Kt Mol. C.* Depn. of m. p. C.t Kt 
0°64 3°5° 0°52 909 0°48 40° 0°45 1391 
1°31 5:1 1-06 649 2°71 79 2°54 487 
2°07 : 1-68 533 5°62 8°7 5°27 258 
2°60 " 2-1 482 8°42 11°5 8°07 223 
5°26 . 4°25 286 11°63 12-1 10°9 174 
7°04 ‘ 5°69 218 
8°88 : 7°18 197 
10°02 , 81 183 * G.-mols. solute per 100 g.-mols. solvent. 
12°42 ; 10°04 162 t+ G. solute per 100 g. solvent. 
18°43 13-0 14°55 121 {~ Usual cryoscopic constant. 


The graph for camphoroxime is again displaced a little to the right in the diagram. 

Acetanilide and o-chlorobenzoic acid depress the m. p. of camphoroxime in the same 
manner, but the depressions are not proportional to the concentration; from being very 
high in dilute solutions, they become, rapidly, less and less. Up to a concentration of 
about C = 0-5, K has a value of at least 1000, but falls off to a value of about 170 in 10% 
solutions. For molecular weight determination in extremely dilute solutions, with, 
perhaps, only a very small quantity of substance available, camphoroxime, which has the 
further advantage of a comparatively low m. p., might be of distinct value in exceptional 
cases. This kind of behaviour is usually attributed, but without any satisfactory reason, 
to association of the solute molecules; we prefer to consider it merely an interesting and 
hitherto unexplained property of the substances concerned. 

Finally we examined bornyl methylxanthate as a solvent for acetanilide and o-chloro- 
benzoic acid, to ascertain whether the properties of borneol itself would be exhibited in 
such a derivative, but we found that even in 7 and 10% solutions there was no appreciable 
depression of the m. p. 


UNIVERSITY OF GLascow. (Received, November 3rd, 1932.] 





32. The Formation of Organo-metalloidal Compounds by Micro- 
organisms. Part I. Trimethylarsine and Dimethylethylarsine. 


By FREDERICK CHALLENGER, CONSTANCE HIGGINBOTTOM, and Louis ELLIs. 


GMELIN (Karlsruher Zig., November, 1839) ascribed certain cases of poisoning to a volatile 
arsenic compound liberated from mouldy wall-paper in damp rooms and mentioned the 
garlic odour observed under such conditions. Selmi (Ber., 1874, 7, 1642) suggested that the 











96 Challenger, Higginbottom, and Ellis: The Formation of 


moulds produced hydrogen, which reduced the arsenic in the pigment to hydrogen arsenide. 
He appears to have been the first to ascribe an active réle to the moulds. The production 
of hydrogen arsenide is mentioned by Martin (Gazette Médicale, 1847, Feb. 13, p. 130) and 
Fleck (Z. Biol., 1872, 8, 444), but from the work of Pool, Klason, and others (see below) 
there is no doubt that this substance is absent. Basedow (Schmidt's Jahrbuch, 1846, 52, 
89) suggested the presence of cacodyl oxide in the arsenical gas. 

Gosio (Arch. Ital. Biol., 1893, 18, 253, 298; 1901, 35, 201; Ber., 1897, 30, 1024) states 
that Aspergillus glaucus, A. virens, Mucor mucedo, and M. ramosus in addition to Penicillium 
brevicaule produce this gas (Gosio-gas), which, from the results of a combustion, he believed 
to be an alkyl arsine. Biginelli (Gazzetta, 1901, 31, i, 58) aspirated the gas from cultures of 
P. brevicaule on potato-mash containing arsenious oxide through acidified mercuric chlor- 
ide : the precipitate was assigned the composition Et,AsH,2HgCl,; and on recrystallisation 
two further products were obtained, one of which he believed to be (Et,AsH),0O,4HgCl,. 

On these grounds Biginelli regarded the gas as diethylarsine, Klason (Ber., 1914, 47, 
2634) as diethylarsine oxide. Wigren (Amnalen, 1924, 487, 285) synthesised these com- 
pounds and stated that their behaviour towards acid HgCl, solution (Biginelli’s solution) 
was different from that of Gosio-gas. 

Cevey (Dissertation, Lausanne, 1902) and Pool (Pharm. Weekblad, 1912, 49, 878) found 
that a garlic odour is also evolved in mould cultures containing sodium cacodylate. Pun- 
toni (Annali d’Igiene, 1917, 27, 293) noticed this odour in a liquid containing sodium caco- 
dylate, on which a growth of a “ Penicillium” had formed. The gas was not identified. 
He also detected, in the breath of patients receiving sodium cacodylate by the mouth, a 
garlic odour which he attributed to the agency of intestinal organisms, and he isolated 
from the faces various bacteria (B. mesentericus vulgatus, B. mes. ruber, and B. subtilis), 
which gave this odour on media containing sodium cacodylate. 

Maassen (Arb. Kais. Gesund., 1902, 18, 479), Abel and Buttenberg (Z. Hyg., 1899, 
32, 449), and Huss (zbid., 1914, 76, 361) give bibliographies on arsenical moulds. 

Lerrigo (Analyst, 1932, 57, 155, 163) has discussed the recent Forest of Dean cases where 
fatal poisoning occurred in rooms of which the plaster and wall-paper contained arsenic 
(Daily Press, 19—20 Jan., 1932). 

We have prepared diethylarsine oxide by Wigren’s method (loc. cit.). It has a pungent 
odour entirely different from that of Gosio-gas. With alcoholic mercuric chloride it gives 
(Et,As),0,2HgCl,, decomposing without melting (Grischkewitsch-Trochimowski, Rocz. 
Chem., 1928, 8, 423). Contrary to the statements of Wigren, we find that it forms a 
mercurichloride with Biginelli’s solution, which differs from that obtained in alcohol in 
being stable to hydrochloric acid. 

Diethylarsine also has been prepared. Its reaction with mercuric chloride was again 
different from that of Gosio-gas, calomel and mercury being formed. The main product 
was shown by Grischkewitsch-Trochimowski (ibid., 1929, 9, 742) to be identical with 
that obtained directly from diethylchloroarsine. The composition given by Wigren 
(Et,AsCl,2HgCl) is incorrect ; his product probably contained calomel. 

The mercurichlorides obtained from both diethylarsine and its oxide behave towards 
sodium hydroxide differently from those yielded by Gosio-gas, reduction occurring without 
production of odour. 

The properties of the mould gas are also different from those of methylarsine or ethyl- 
arsine (Dehn, Amer. Chem. J., 1905, 33, 127; 1908, 40, 88), which oxidise in air to form 
red solids and with mercuric chloride solution give calomel and mercury methylarsonate 
and ethyldichloroarsine respectively. 

The synthesis of hydroxytriethylarsonium picrate and benzyltriethylarsonium picrate 
conclusively showed that triethylarsine is not the arsenical ingredient of Gosio-gas. 

In our study of the nature of Gosio-gas, four strains of Penicillium brevicaule (Scopul- 
ariopsis brevicaulis) were cultivated on sterile bread-crumbs containing arsenious oxide and 
all gave rise to trimethylarsine, no other arsenical gas being detected. The gases were 
aspirated through Biginelli’s solution by means of sterile air. The precipitate (B,), m. p. 
264°, appeared to be identical with Biginelli’s second compound, m. p. 270°, and consisted 
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of trimethylarsine dimercurichloride. On passage of the gas for some weeks, the ma. p. fell 
to about 221°, recrystallisation giving trimethylarsine monomercurichloride (B,), m. p. 
224—226°. 

Trimethylarsine with Biginelli’s solution gave a precipitate which, alone or with B,, 
melted at 265°. The mercurichloride, m. p. 224—226°, precipitated from dilute Biginelli’s 
solution was identical with B,, similarly obtained from Gosio-gas. 

When the arsenious oxide is replaced by sterilised solutions of sodium methylarsonate or 
sodium cacodylate (free from inorganic arsenic), but without other alteration of the experi- 
mental procedure, a gas is evolved giving a mercurichloride identical in m. p., mixed m. p., 
and behaviour on crystallisation with that obtained from arsenious oxide. 

The identity of Gosio-gas has been confirmed by several independent observations : 
(a) Compounds B,, m. p. 264°, and B,, m. p. 226°, with nitric acid give hydroxytrimethyl- 
arsonium nitrate, m. p. 128—129°, which is also obtained from Gosio-gas and nitric 
acid. 

(b) Both these nitrates give hydroxytrimethylarsonium picrate, m. p. and mixed m. p. 
218—219°. 

(c) Synthetic trimethylarsine and hydrogen peroxide give trimethylarsine oxide and 
thence the picrate, m. p. and mixed m. p. 218—219°. 

(d) Evaporation of B, with hydrogen peroxide gives hydroxytrimethylarsonium chloride 
mercurichloride, m. p. and mixed m. p. 135—136°, identical with that obtained from 
synthetic trimethylarsine. 

(e) Gosio-gas and benzyl chloride give a quaternary salt and thence a picrate, m. p. 
and mixed m. p. with benzyltrimethylarsonium picrate, 173—174° (Ingold, Shaw, and 
Wilson, J., 1928, 1280). This was kindly supplied by Dr. E. H. Ingold, and had been 
obtained from benzyldimethylarsine and methyl iodide. This picrate is also identical with 
a specimen obtained from synthetic trimethylarsine and benzyl chloride (m. p. and mixed 
m. p. 173—174°). 

Benzyltriethylarsonium chloride, m. p. 167—168°, and picrate, m. p. 83—84°, were 
prepared from triethylarsine for comparison. 

Since aliphatic arsines are oxidised in air, it was necessary in order fully to establish the 
identity of Gosio-gas (which is obtained in highly aerated cultures) to show that trimethyl- 
arsine volatilises unchanged in air. On passage of air over or through its solution in isoamyl 
ether—xylene and then into Biginelli’s solution, the precipitate obtained had m. p. and 
mixed m. p. 265° with B, obtained from Gosio-gas. With greatly diluted Biginelli’s 
solution the air-synthetic arsine mixture gave the monomercurichloride B,, m. p. 224—226°. 

The behaviour of sodium ethylarsonate to cultures of the mould on sterile bread-crumbs 
has been studied. A garlic odour was evolved and Biginelli’s solution gave a solid (B,), 
m. p. 240—241°, which depressed the m. p. 264° of the mercurichloride (B,) obtained from 
the methylarsonate cultures, to 247°. B, was also obtained when air was drawn through 
an tsoamyl ether solution of dimethylethylarsine into Biginelli’s solution. 

Dimethylethylarsine (Jones, J., 1932, 2284) forms two mercurichlorides, Me,EtAs,HgCl,, 
m. p. 154°, and Me,EtAs,2HgCl,, m. p. 240—241° and at 240° in admixture with B, (m. p. 
240-—241°). 

The gas from the ethylarsonate cultures with benzyl chloride yielded a picrate, m. p. and 
mixed m. p. 113—114° with synthetic benzyldimethylethylarsonium picrate, prepared from 
dimethylethylarsine and benzyl chloride. 

Absorption of the mould gas in nitric acid gives a nitrate and thence a picrate, m. p. and 
mixed m. p. 162—163° with synthetic hydroxydimethylethylarsonium picrate. 

In the search for a possible mechanism of the production of Gosio-gas attempts have 
been made to correlate this change with the processes of carbohydrate breakdown (see also, 
Gosio, loc. cit., 1901, 35, 211). The production of acetic acid by way of pyruvic acid and 
acetaldehyde being assumed, its condensation with arsenious acid might yield trimethyl- 
arsine in a reaction analogous to Cadet’s synthesis of cacodyl (Morgan, “‘ Organic Derivatives 
of Arsenic and Antimony,’’ 1918, 1—15): 3Me-CO,H + As(OH); = 3CO, + Me;As + 3H,0. 
Acetic acid is not a frequent product of mould metabolism, nor, apart from the production 

H 








98 Challenger, Higginbottom, and Ellis: The Formation of 


of methane by various bacteria from calcium acetate (Stephenson, “ Bacterial Metabolism,”’ 
1930, 133), is it readily decarboxylated by micro-organisms. 

A more attractive hypothesis is that formaldehyde, the methylating action of which 
is generally assumed in the higher plants, may be produced by the mould from the 
carbohydrate or the protein of the bread and undergo condensation with arsenious acid, 
H-AsO(OH),, giving hydroxymethylarsonic acid, CH,(OH)-AsO(OH),, which might undergo 
reduction first to methylarsonic acid and then to CH,*As(OH), or CH,-AsHO(OH), which 
could again react with formaldehyde, finally yielding cacodylic acid, (CH,),AsO-OH, from 
which trimethylarsine oxide, (CH;),AsO, and by reduction trimethylarsine could arise. 
This suggestion is put forward with all reserve. 

The scheme presents analogies with the method for the alkylation of arsenious oxide 
(Morgan, op. cit., p. 29; Auger, Compt. rend., 1903, 187, 925; Wigren, Annalen, 1924, 437, 
287). 
The formation of «-hydroxyethylphosphonic acid, OH-CHMe*PO(OH),, from paracet- 
aldehyde and phosphorous acid, and of similar compounds (Ville, Ann. Chim. Phys., 1891, 
23, 350; Marie, 2bid., 1904, 3, 407), furnishes some support for this suggestion. 

Hausmann (Beitr. Chem. Phys. Path., 1904, 5, 397) found that the actinia Aiptasia 
diaphana, Rapp, produces a garlic odour in sea-water containing arsenious oxide. This 
he attributed chiefly to the brown alge (Zooxanthellen) living in symbiosis with the 
animal. The brown and green alge contain chlorophyll and build up their protoplasm from 
carbon dioxide, water, and a source of nitrogen like the green plants. If, asis probable, this 
proceeds by way of formaldehyde, the production of volatile arsenic compounds by these 
organisms and by moulds may be explicable along similar lines. This question is under 
investigation and the research is being extended to include compounds of selenium and 
tellurium (Rosenheim, P., 1902, 138). 


EXPERIMENTAL. 


Two of the strains of Penicillium brevicaule, designated P. brevicaule Saccardo and P. brevicaule 
var. alba, Thom, were obtained from the Centraal Bureau voor Schimmelcultures, Baarn. The 
first strain (A) was usually employed and was originally isolated by Professor Biourge and sent 
to Baarn in August, 1929. The second (B) was isolated by Dr. Church from Camembert cheese 
and sent to Baarn in April, 1925. These are now registered in the Baarn List of Fungi, 1932, as 
Scopulariopsis brevicaulis (Sacc.) Bainier and Scopulariopsis brevicaulis (Sacc.) Bainier var. 
alba Thom. 

Other strains used were P. brevicaule (strain Derx) (C) and P. brevicaule Saccardo (strain 
Washington 2) (D), being Nos. 1362 and 580, National Collection of Type Cultures, Lister 
Institute, respectively. No. 1362 was isolated from air by Dr. Derx, Delft, and No. 580 from 
cheese by Dr. Church. These were maintained in a virile condition by occasional sub-culturing 

onwort-agar or potato-agar media. 

Proceduve.—Fresh bread crumbs (with or without added H,O) were used in conical flasks such 
that after sterilisation (25—30 min. at 120°) a layer 1—1-5 in. deep was obtained. 150—200 
G., 250—300 g., and 400—500 g. of fresh crumbs were required for the 1, 3, and 4 1. flasks 
respectively. These were inoculated with an aq. spore suspension of the mould A or D from a 
potato-agar slope culture, incubated for 3—4 days at 32° to obtain a good mycelial growth and 
then at room temp. for 4—5 days more until spores just tinged with brown were obtained. B and 
C grew very poorly at 32° and cultures were grown at room temp. for 16 days (B) and for 7 
days (C). 

wh Stati of the As compounds, sterilised for 25—30 min. at 120°, were added direct or 
from a sterile pipette, and the cotton-wool plugs replaced by rubber bungs carrying tubes lightly 
plugged with cotton-wool. These had been sterilised at 120° for 25—30 min., and dried at 50° 
or at room temp. The flasks were arranged in series (or two sets of 3 or 4 flasks in series were 
placed in parallel), connected to an empty bottle and then to the absorption flasks. A con- 
tinuous stream of air, sterilised by passage through H,SO,, sterile cotton-wool, HgCl, aq. (1 in 
1000), and again sterile cotton-wool (Raistrick, Phil. Tvans., 1931, B, 220, 15), was passed 
through and volatile As compounds were absorbed in suitable reagents. Sterilised solutions of 
all As compounds, other than As,O;, were found to be free from inorg. As. The average concn. 
of the As,O, was 0-2—0-25 g., of the methylarsonate 1—1-5 g., and of the cacodylate 0-1—0°3 g. 
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per 100 g. of fresh crumbs. The ethylarsonate was used in concns. of 0-2—0-25 and 0-5 g. of the 
acid sodium and potassium salts respectively, per 100 g. of crumbs. 

Mould Products —Trimethylarsine dimercurichloride, Me,As,2HgCl, (B,). The action of all 
four strains of P. brevicaule on media containing As,O,, and of Mould A (Baarn strain) on media 
containing sodium methylarsonate or sodium cacodylate, produces a volatile compound which in 
Biginelli’s solution (10 pts. HgCl,; 20 pts. HCl; 80 pts. H,O) gives a white cryst. ppt., m. p. 
262—264° (decomp.). Recryst. from hot dil. aq. HgCl,, it gives white plates, m. p. 264—265° 
(decomp.), not depressing the m. p. of Me,As,2HgCl, obtained from synthetic Me,As and 
Biginelli’s solution (see p. 100). From hot H,O alone this product tends to lose Me,As, and on 
long boiling a little HgClis formed. Mixed m. p. determinations and analyses indicate that the 
products from all the sources are identical. Repeated treatment of B, with hot acetone gives 
B, [Found: (As,O;) C, 5-6; H, 1-55; Cl, 21-3; Hg, 60-7; (arsonate) C, 5-6; H, 1-5; Cl, 21-1; 
(cacodylate) C, 5-5; H, 1-3; Cl, 21-55, 21-0. C,H,Cl,AsHg, requires C, 5-4; H, 1-4; Cl, 21-4; 
Hg, 605%]. 

Trimethylarsine monomercurichloride, Me,As,HgCl, (B,). With Gosio-gas and Biginelli’s 
solution, from which a considerable quantity of Me,As,2HgCl, has already separated, a second 
product, m. p. 220—222°, is obtained which, recryst. from hot H,O, gives needles, m. p. 224— 
226°, not depressing the m. p. of authentic Me,As,HgCl, (see p. 100). This product was noticed 
during the action of Mould A on sodium methylarsonate (Found: C, 9-3; H, 1-7; Cl, 17-7, 
18-4. C,H,Cl,AsHg requires C, 9-2; H, 2-3; Cl, 18-1%). 

Very prolonged passage of the gas dissolves the ppt., forming a solution (B,). This with 
HgCl, aq. gives B,, which in aq. solution gives B, on treatment with more HgCl,. On evapor- 
ating B, under diminished press., B, is pptd. 

With NaOH, B, and B, give an intense garlic odour (resembling that of the polymethyiene 
sulphides), and yellow HgO is pptd., which quickly blackens owing to reduction to Hg,O. NH; 
aq. gives the same odour, but no blackening occurs, indicating the absence of HgCl. 

Hydroxytrimethylarsonium nitrate, Me,As(OH)-NO,. (a) Direct absorption in HNO, of the 
volatile product from the action of Mould.A on As,O;, sodium methylarsonate, and sodium. 
cacodylate and of P. brevicaule var. alba and P. brevicaule (Derx strain) on As,O, gives on concn. 
and recrystn. of the residue from acetone—Et,O, long needles, m. p. 128—129°, not depressing 
the m. p. of the hydroxy-niirate obtained indirectly (see below) or from synthetic Me,As. 

(b) The same product was obtained indirectly : (1) from B, and B, and HNO,, extraction 
with acetone, and recrystn. from acetone—Et,O; (2) from B, and NaOH agq,, filtration, and evapn. 
with HNO, (Found: C, 18-65, 18-3; H, 4-45, 5-1; N, 6-5, 6-3. C,H,,0O,NAs requires C, 18-1; 
H, 5:1; N, 7-0%). 

Hydroxytrimethylarsonium picrate, Me,As(OH)-O-C,H,(NO,)3. Addition of sat. aq. sodium 
picrate to conc. aq. hydroxy-nitrate gives a picrate, m. p. 218—219° after recrystn. from hot 
H,O (Found: C, 29-7; H, 3-45; N, 11-5. C,H,,0O,N,As requires C, 29-6; H, 3-3; N, 11-5%). 

Benzylirimethylarsonium picrate, CH,Ph:AsMe,°O-C,H,(NO,)3. (a) The volatile product from 
cultures of Mould A and sodium methylarsonate was absorbed in alc. CH,PhCl. After several 
days the EtOH was removed, the quaternary salt extracted with H,O, the solution washed with 
Et,O, and sodium picrate added. The ppt. had m. p. 169—171°, and 173—174° after crystn. 
from hot H,O. It did not depress the m. p. of benzyltrimethylarsonium picrate (173—174°). 
(b) The solid B, from cultures of Mould A and As,O;, sodium methylarsonate, or sodium caco- 
dylate was suspended in ECtOH—CH,PhCl in CO, and treated with H,S. The HgS was separated, 
and EtOH removed from the filtrate, which, treated as in (a), gave in each case a picrate, m. p. 
173—174° on recrystn. and mixed m. p. 173—174° with authentic CH,Ph-AsMe,-O-C,H,(NO,)s, 
m. p. 173—174°, or with a second specimen obtained from Me,As and CH,PhCl (see p. 100) 
(Found: C, 43-95; H, 4:0; N, 9-3. Calc.: C, 43-75; H, 4:1; N, 9-6%). 

Mercurichloride of Hydroxytrimethylarsonium Chloride, Me,As(OH)Cl,HgCl,.—Crude B,, m. p. 
264°, from cultures of Mould A (Baarn strain) and sodium methylarsonate was suspended in H,O 
and H,O,, boiled under reflux, and filtered. The residue contained unchanged mercurichloride 
and HgCl. The evaporated filtrate, extracted with EtOH or acetone, gave a solid, m. p. 133— 
134°, which, recryst. from MeOH-light petroleum (b. p. 40—60°), had m. p. 135—136° and did 
not depress the m. p. (135—136°) of the product obtained from synthetic Me,AsO and Biginelli’s 
solution. It was also obtained from the (mould) mercurichloride B, with HCl aq. and a few drops 
of HNO, and extraction with EtOH (Found: C, 8-1; H, 2:3; Cl, 23-6, 24-2; Hg, 44-7. 
C,H ,,OCl,AsHg requires C, 8-1; H, 2-3; Cl, 24-0; Hg, 45-2). 

P. Brevicaule, Sacc. (Baarn Strain) with Sodium Ethylarsonate.—Dimethylethylarsine di- 
mercurichloride. The gas from the cultures with Biginelli’s solution gave white crystals, m. p. 
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238° (decomp.), which after recrystn. from hot H,O containing a little HgCl, melted and decom- 
posed at 240—241° and did not depress the m. p. (240—241°) of synthetic Me,EtAs,2HgCl, (see 
p. 101) (Found: C, 7-3; H, 1-6; Cl, 21-0. C,H,,Cl,AsHg, requires C, 7-1; H, 1-6; Cl, 20-9%). 

Hydroxydimethylethylarsonium picrate. Absorption in HNO, and evapn. gave an oil solidify- 
ing in a few days. This was deliquescent and with sat. aq. sodium picrate gave a picrate of 
const. m. p. 161—162-5° on recrystn. from hot H,O, not depressing the m. p. of a specimen 
similarly prepared from synthetic dimethylethylarsine (Found: C, 31-8; H, 3-8; N, 11-15. 
Ci9H,,0,N,As requires C, 31-7; H, 3-7; N, 11-:1%). 

Benzyldimethylethylarsonium picrate. The alc. CH,PhCl used for absorption was treated as 
before. With sodium picrate it gave a ppt. which, recryst. from hot H,O, had m. p. and mixed 
m. p. 113—114° with synthetic benzyldimethylethylarsonium picrate, m. p. 113—114° (see p. 101) 
(Found : C, 45-1; H, 4-5; N, 9-2. C,,H,,O,N,As requires C, 45-0; H, 4-45; N, 93%). 

Control Experiments.—Mould A on As-free bread crumbs gave no garlic odour and no ppt. 
in Biginelli’s solution. Uninoculated bread crumbs containing (a) As,O,, (b) sodium methyl- 
arsonate, (c) sodium cacodylate in the concns. used in the mould expts. gave no garlic odour and 
no ppt. in Bigineili’s solution. 

Preparation of Reference Compounds from Synthetic Arsines—(1) Benzyltrimethylarsonium 
picrate. Trimethylarsine in xylene and isoamy] ether (XI solution) was prepared as described 
by Dyke and Jones (J., 1930, 2428). A slow stream of air was passed over the XI solution and 
through (a) CH,PhCl in EtOH, (b) dil. NaOH aq., (c) Biginelli’s solution for 48 hr. The liquid 
in (a) was treated as on p. 99 and gave a picrate which, cryst. from hot H,O, had m. p. 173°, 
and 173—174° in admixture with benzyltrimethylarsonium picrate. 

(2) Tvimethylarsine dimercurichloride. The arsine was not completely absorbed in (a) and a 
ppt. formed in (c), m. p. 263° (decomp.) and 264—265° on crystn. from hot H,O containing 
HgCl,. The same compound was obtained from pure liquid Me,As (Found: C, 5-5; H, 1-3; 
Cl, 21-6; Hg, 61-1. Calc. for C,H,Cl,AsHg,: C, 5-4; H, 1-4; Cl, 21-4; Hg, 60-5%). 

(3) Trimethylarsine monomercurichloride was obtained from the calc. quantities of Me,As 
and HgCl, in EtOH and also in dil. HClaq. The ppt. sintered slightly at 218°, melted at 224— 
226°, and at the same temp. after recrystn. from H,O, from which it separated in needles entirely 
different from the plates of the dimercurichloride (Found: C, 9-3; H, 2-3; Cl, 18-3. Calc. for 
C,H,Cl,AsHg: C, 9-2; H, 2-3; Cl, 18-1%). 

(4) Hydroxytrimethylarsonium nitrate. The XI solution was heated at 100°, and CO, passed 
through it into HNO,. Evapn. of the latter left white needles, the hydroxy-nitrate, m. p. 128— 
129° after recrystn. from acetone—Et,O (Found: C, 18-3; H, 5-1; N, 6-4. Calc. forC,H,,O,NAs: 
C, 18-1; H, 5-1; N, 7-0%). 

(5) Hydroxytrimethylarsonium picraie. The nitrate gave a picrate, m. p. 218—219° after 
crystn. from H,O (Valeur gives m. p. 219-5°; Bull. Soc. chim., 1927, 41, 1489) (Found : C, 29-6; 
H, 3-3; N, 11-2. Calc. for CgH,,O,N,As: C, 29-6; H, 3-3; N, 115%). The same picrate was 
obtained from Me,As by conversion into the dibromide, solution in H,O, and treatment with 
sodium picrate. 

CO, was passed through heated XI solution into H,O, (20 vol.) for 6 hr. Evapn. left a hygro- 
scopic solid (S), m. p. about 110° (decomp.). In MeOH this gave with sat. methyl-alc. picric 
acid a picrate, m. p. and mixed m. p. 218—219° with the hydroxytrimethylarsonium picrate from 
(5) (Found: C, 29-6; H, 3-3; N,11-2%). (S) was therefore trimethylarsine oxide or dihydroxide. 

(6) Hydroxytrimethylarsonium chloride mercurichloride, m. p. 136°, was obtained from the 
synthetic dimercurichloride both with H,O, and with HCl aq. containing a little HNO, and from 
Me,AsO and Biginelli’s solution (Found: C, 8-3; H, 2-3; Cl, 23-8; Hg, 45-1. Calc. for 
C,H,,0Cl,AsHg : C, 8-1; H, 2-3; Cl, 24-0; Hg, 45-2%). 

(7) Benzyliriethylarsonium chloride and picrate. The arsine (1 c.c.) and CH,PhCl (1 c.c.) 
were heated in CO, at 100° for a few hours. The solid was dissolved in H,O and washed with 
Et,O, and the aq. solution evaporated. Crystn. from acetone—Et,O gave deliquescent leaflets, 
m. p. 167—168° after drying over H,SO, (Found : by Volhard’s method : Cl, 12-8. C,,H,,ClAs 
requires Cl, 12-3%). 

The chloride gave benzyliriethylarsonium picrate, m. p. 83—84-5° after recrystn. from aq. MeOH 
(Found : C, 47-4; H, 4:8; N, 8-6. C,,H,,0,N;As requires C, 47-4; H, 5-0; N, 8-7%). 

(8) Hydroxytriethylarsonium picrate. Et,As (1-5 c.c.) in EtOH (25 c.c.) was shaken with red 
HgO (4 g.) in CO, for 24hr. The liquid was filtered, heated to coagulate Hg, again filtered, and 
concentrated. The residue gave with aq. sodium picrate golden needles, m. p. 121—122° after 
two crystns. from MeOH. The mixed m. p. with picric acid (m. p. 121—122°) was 84—115° 
(Found : C, 35-2; H, 4-5; N, 10-1. C,,H,,0,N;As requires C, 35-4; H, 4-5; N, 103%). 
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(9) Benzyldimethylethylarsonium picrate. During the distillation of dimethylethylarsine from 
the isoamy] ether (Jones, J., 1932, 2287) some escaped with the CO, stream and was absorbed in 
alc. CH,PhCl. The quaternary compound gave the picrate as before, m. p. 113—114° after 
crystn. from hot H,O (Found: C, 45-15; H, 4:25; N, 9-85. Calc. for C,,H,0,N,As: C, 45-0; 
H, 4-45; N, 9:3%). 

(10) Dimethylethylarsine dimercurichloride. The arsine in CO, as above gave a white ppt. 
with Biginelli’s solution, m. p. 238° (decomp.). Recryst. from H,O containing HgCl,, this had 
m. p. 240—241° (Found: C, 7-15; H, 1-5; Cl, 21-0. Calc. for CgH,,Cl,AsHg, : C, 7-1; H, 1-6; 
Cl, 20-9%). 

The CO, stream gave with diluted Biginelli’s solution the monomercurichloride, m. p. 154° 
(Jones, Joc. cit.). 

(11) Hydroxydimethylethylarsonium picrate. The synthetic arsine in CO, was passed through 
HNO, (d 1-41) for several hours. The solution was then concentrated, and the deliquescent solid 
converted into picrate, which, cryst. from H,O, had m. p. 162—163° (Found: C, 31-7; H, 3-7; 
N, 11-3. Calc. forC,,H,,O,N;As: C, 31-7; H, 3-7; N,11-1%). 
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33. Studies on Alkylated Complex Cyanides. Part I. The Isomerism 
of the Alkylated Ferrocyanides. Part II. Hexaethylated Ferrocyanides. 


By ERNALD G. J. HARTLEY (with crystallographic examination by H. M. Pow.ELt). 


Part I. 


A FORMER investigation on the alkylation of the ferrocyanides (Hartley, J., 1910, 97, 1725; 
1912, 101, 705; 1913, 103, 1196; etc.) resulted in the isolation of a series of salts containing 
the stable bivalent cation * [Fe(CNMe).,], the chloride of which, when heated under 
diminished pressure, evolved methyl chloride and gave tetramethyl ferrocyanide in two 
varieties, described as the «- and @-form. These isomerides are stable and crystallise 
well, nearly always in combination with their respective solvents. Although they exhibit 
a general similarity in chemical behaviour, well-marked differences are apparent in their 
properties both in the solid state, e.g., crystalline form, solubility in various liquids, etc., 
and in their solutions. 

The experimental work has been repeated in part by Hélzl (Monatsh., 1927, 48, 72) 
and extended to the study of other metallic double cyanides, including the molybdenum 
and tungsten salts, both containing eight cyanide radicals. A number of interesting 
substances were thus obtained, but no cases of isomerism were observed and none of the 
compounds exhibited the stability of the ferrocyanides. 

The results of these two investigations on the latter are mainly in agreement, but there 
is one important discrepancy. From the product obtained by heating the above chloride 
[Fe(CNMe),]Cl,, H6lzl isolated two substances, which he regarded as being identical with 
the author’s original «- and §-tetramethyl ferrocyanides. As far as the «-variety is con- 
cerned, he is probably correct, but in the case of the B-isomeride there is a complete lack of 
resemblance between the two preparations, as can be seen from the following comparison 
of their properties. 

Holzl’s B-teiramethyl ferrocyanide (loc. cit., p. 76) (i) gives with silver nitrate a precipitate 
of silver cyanide corresponding to two of the six cyanide groups in the molecule; (ii) gives 
no colour with ferric chloride solution ; (iii) is more soluble in water than the isomeride ; 
(iv) behaves as an electrolyte in aqueous solution. 

Hariley’s B-tetramethyl ferrocyanide (i) gives no precipitate of silver cyanide with soluble 
silver salts, though with silver nitrate a sparingly soluble micro-crystalline compound, 

* In the original papers an old notation was employed to represent this series of compounds. It 
is now clearly advantageous to replace this by formule based on Werner’s system. 
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[Fe(CNMe),(CN),]AgNOsg, is precipitated, which, unlike silver cyanide, dissolves in hot 
water; (ii) gives with ferric chloride a red coloration similar in intensity to that produced 
by the isomeride ; (iii) is considerably Jess soluble in water and organic solvents than the 
isomeride ; (iv) has the same molecular weight in solution as the isomeride. 

The molecular weight was determined by an osmotic method (Berkeley and Hartley, 
Proc. Roy. Soc., 1916, 92, 491). The measurements obtained correspond with the simple 
formula [Fe(CNMe),(CN)e] as representing both the «- and §-form and thus afford no 
indication of ionisation in either isomeride. From the above comparison it is clear that 
the author’s 8-compound is not identical with Hélzl’s (which should therefore be other- 
wise described) and the latter’s assumption of two different co-ordination numbers for 
iron (loc. cit., p. 79) * to account for the properties of the isomerides is certainly not 
applicable to the original pair of substances. It is not now possible to explain this dis- 
crepancy in experimental results, as no substance with properties agreeing with Hélzl’s 
8-isomeride was isolated in the original preparations. It may, however, be pointed out 
that the presence of a small quantity of a constituent is easily overlooked in the complex 
product which is obtained in a reaction of this nature. 

The remainder of this section records some considerations and experiments in con- 
nexion with the structure of the original «- and 8-tetramethyl ferrocyanides. 

The simplest explanation of the observed isomerism was recently pointed out by 
Glasstone (J., 1930, 321; cf. Hélzl, loc. cit., p. 80). (I) and (II) represent the isomerides 


CNMe 
MeNC/, Nex MeNC//,.\)CNMe MeNC/+,\\CNMe 
MeNCIL \iCNMe MeNC'/"*\iCNMe MeNCIL CNMe 


NMe N v4 Me 
(I.) Cis-. (II.) Tvrans-. (III.) 


as possessing cis- and /rans-structures, in both of which the iron has the normal co- 
ordination number of six. Glasstone considers that the cis-form probably corresponds 
to the «-isomeride. 

If these formule are correct it is apparent that by the addition of methyl to the two 
nitrogen atoms of the CN radicals in (I) and (II) the difference in configuration is elimifated 
and identical hexamethylated compounds containing the group (III) will result. This 
group, of course, constitutes the cation occurring in the original compound, [Fe(CNMe),]Cl,, 
from which the isomerides were derived. The above structure thus accounts satisfactorily 
for the fact that no case of isomerism was detected among any of the salts containing this 
ion, and it is in agreement with the experimental observation that all the methyl groups 
are directly attached to nitrogen (Hartley, J., 1911, 101, 1552). 

If a similar addition is made to (I) and (II) of radicals other than methyl, ¢.g., ethyl, 
there should result a pair of compounds containing the cation [Fe(CNMe),(CNEt),] in 
two different forms in which CN-Et groups occupy the positions held by CN in the parent 
substances. This pair should thus exhibit properties capable of being distinguished. 

In order to obtain compounds containing the ions to illustrate these points, direct 
combination of the tetramethyl ferrocyanides with alkyl iodides was impracticable, since 
the 6-, unlike the «-form, scarcely reacts directly with either methyl or ethyl iodide.t 

Advantage was therefore taken of the influence of mercuric iodide in promoting the 
formation of the required substances (see Hartley, J., 1916, 109, 1304). In the presence of 


* Hélzl’s explanation of the cause of this isomerism is given in Gmelin’s ‘‘ Handbuch der Anorgan- 
ischen Chemie,’’ 8, Auflage No. 59, 1930, Eisen, Teil B, s. 619. 

t In the original description of these isomerides (J., 1913, 108, 1199) it was stated that f-tetra- 
methyl ferrocyanide does not react appreciably with methyl iodide at about 100°, at which temperature 
the a-isomeride forms the compound [Fe(CNMe),]I,. Later experiments have shown that at a higher 
temperature combination takes place, though very slowly. With ethyl iodide the a-isomeride combines 
readily at 100°, but the £- not at all, even when the temperature is gradually raised to about 135°, at 
which point incipient decomposition sets in. 
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this salt, combination takes place easily with either isomeride, a mercuri-iodide being 
formed : 







(«- or B-)Fe(CNMe),(CN), + 2MeI + 2HgI, = [Fe(CNMe),]I,,2Hgl., 
(«- or B-)Fe(CNMe),(CN),. + 2EtI + 2HgI, = [Fe(CNMe),(CNEt),]I,,2HglI,. 






EXPERIMENTAL. 


The material used consisted of some of the original specimens of the isomerides, of which 
about 250 g. of the «- and 50 g. of the 8- had been obtained and carefully purified by repeated 
crystn. from CHCl, and MeOH respectively. Both substances had remained practically pure, 
but the 8-variety, being slightly discoloured, was crystallised once more from MeOH. 

Weighed portions of the ferrocyanide with rather more HglI, than is required by the above 
equation, together with considerable excess of the alkyl iodide, were heated in sealed tubes at 
about 95° for 8—18 hr., the 8-isomeride requiring a longer time than the «- to complete the 
combination. (An excess of Hgl, is necessary in order to avoid the partial formation of mercuri- 
iodides of the formula [Fe(CNR),]I,,HgI,, which are difficult to separate.) 

The increase of weight after evaporation of the alkyl iodide corresponded closely with the 
addition of 2 mols. of alkyl iodide per mol. of the ferrocyanide in every case. 

The excess of HgI, was removed by solution in warm EtOH, and the salts were dissolved in 
boiling acetone, from which they all separated on cooling in well-formed crystals containing no 
solvent of crystn. They were purified by recrystn. from the same solvent. 

The results were in accordance with expectation, the two methylated products being identical, 
and the methylethyl compounds differing from one another definitely. The proof of this was 
established mainly by crystallographic examination (see below). 

The analytical figures for the first pair are in agreement with one another {Found, for 
a-compound: Fe, 3-9; Hg, 27-4; I, 52-2; for B-compound: Fe, 3-8; Hg, 27-4; I, 52-0. 
[Fe(CNMe),]I,,2HgI, requires Fe, 3-8; Hg, 27-4; I, 52-0%}. , 

As a further proof of their constitution, the characteristic chloroplatinate and hydrogen 
sulphate of the hexamethylated ion, which were described in detail in the original papers, were 
prepared from the two nitrates, which were themselves obtained from the mercuri-iodides by 
the action of AgNO, : 
























(a- or B-)[Fe(CNR)q]I;,2HgI, + 6AgNO, = [Fe(CNR)<](NO,), + 2Hg(NO,), + 6Agl. 






Hg and excess of Ag were removed by H,§, and the filtrate evaporated, finally in vac. over 
soda+lime to remove free HNO. No differences were observed in the respective properties of 
these salts whether derived from the «- or the $-ferrocyanide. 

The methylethyl compounds gave analytical data which are sufficiently in agreement with 
one another and with the proposed formula {Found, for «-compound: Fe, 3-9; Hg, 26-7; 
I, 51-2; for B-compound: Fe, 3-9; Hg, 27-1; I, 51-3. [Fe(CNMe),(CNEt),]I,,2HgI, requires 
Fe, 3-75; Hg, 27-0; I, 51-0%}. The differences between the isomerides were most marked in 
(i) the cryst. form (see p. 104); (ii) the relative solubilities in dry acetone, the «-variety being 
approx. 1] times as sol. as the B- at room temp. 

Chloroplatinates were prepared as above, but appeared under the microscope to be almost 
identical with one another and with the corresponding hexamethylated compound. 












Crystallographic Measurements (by H. M. PowE Lt). 


Four series of crystals were investigated. All were obtained from acetone solutions by 
cooling or evapn. The crystal descriptions are in accordance with the rules of T. V. Barker 
(‘‘ Systematic Crystallography,” 1930) and a glance at the classification angles shows that the 
crystals of the «- and the §-tetramethyldiethyl compound are different. Fragments of the less 
soluble 8-form did not induce crystn. of a sat. solution of the «- compound, and both cryst. 
varieties may be obtained from a solution made up from a mixture of the two. The two cryst. 
forms, therefore, represent different isomerides and not polymorphs. 

Crystals of the hexamethyl compound derived from either «- or 8-tetramethyl ferrocyanide 
proved to be identical in angular measurements and in optical properties. 

B-Tetramethyldiethylferrocyanogen mercuri-iodide (Fig. 1). Pale yellow crystals. System : 
anorthic. Axial ratios a: b:c = 1-3137: 1: 10464; « = 95°48’, B = 117°35’, y = 88°8’. 
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The following table gives the mean values of the angles for seven crystals measured on a 
two-circle goniometer. The figures in parenthesis are to be added to give the calc. values. 


b(010). —— a(100). M(110). c(001). q(011). Q(011). R(i01). 
¢ 0° 0’ 89° 3* 139° 3°(4’) 78° 6* 24° 4/(9’) 150° 46’ (15) 284° 24’ (—10’) 
p 9 0 90 0 89 56 (4) 28 6* 651 52* 47 9 (1) 21 12% 


Barker classification angles : cr 27°13’, ra 35°15’, am 49°56’, mb 39°7’, bq 44°9’, gc 40°18’. 
Optics. A partial biaxial figure with one optic axis slightly inclined to the normal is seen 
through a(100). The double refraction is strong and negative, and there is marked crossed 
dispersion. 
a-Tetramethyldiethylferrocyanogen mercuri-iodide (Fig. 2). Bright yellow crystals of this 
substance obtained by evapn. of acetone solutions were badly formed, being turbid and having 
imperfect faces. tem: anorthic. Forms developed: a(100), m(110), 5(010), ™(1i0), 
q(O11), p( (i111), P( iti). Measurements on the two-circle goniometer gave inaccurate results 
owing to the lack Ne os suitable for the original adjustment. Mean values for the interfacial 
angles of five crystals were obtained by the single-circle method. Since none of the angles is 
known with an accuracy much greater than + 20’, the usual crystallographic consts. are not 
recorded, but for comparison with the 8-compound the complete Barker description is given. 
The angles are calc. from the fundamentals, am 46°11’, mb 67°34’, b’P 66°39’, Pp 64°49’, mp 
85°49’. 




















Fic. 3. 


B-Tetramethyldiethylferro- a-Tetrvamethyldiethylferro- H ee 
cyanogen meyrcuri-iodide. cyanogen mercuri-iodide. mercuri-iodt 





Barker classification angles : cr 26°31’, va 36°7’, am 46°11’, mb 67°34’, bg 63°11’, gc 32°50’.~ 
Optics. Double refraction strong. In crushed fragments a partial negative biaxial figure 
was seen. Observed through P(11i1), the crystals show pleochroism. For light vibration at 
35° to the edge Pp, which has the lower refractive index, pale yellow-green is transmitted, and 
for the vibration at right angles bright greenish-yellow. 
Hexamethylferrocyanogen mercuri-iodide (Fig. 3). Pale yellow crystals. System: anorthic. 
Axial ratios a:b: ¢ = 1-2675: 1: 1-1897; « = 104°55’, B = 107°28’, y = 98°24’. 
Two-circle measurements for six crystals gave 


b(010). m(110). M(110). c(001). 
AN RBS 0° 0’ 34° 12’(—29’) 135° 30’* 41° 45’ (0’) 
MAR dscasksetecics 99 0 9 2 (—2’ 90 0 25 8 (—5’ 
R(I01). Q(011). o(111). P(il). 
| gt» Sarai 278° 58’(—50’) 161° 36’ (7’) 117° 40’* 210° 39’* 
gt tek Mig BNL 36 «8 (—18’) 44 55 (10’) 56 46* 54 24* 


Optics. Through M(110) a partial biaxial figure with one optic axis nearly perpendicular is 
seen. Double refraction is strong and negative. Pleochroism is observed. Extinction on P 
is nearly parallel to the edge QP. For the vibration in this direction, which has the greater 
refractive index, the colour transmitted is yellow, and for that at right angles pale green. 
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Part II. 


The reaction between silver ferrocyanide and ethyl iodide was first investigated by 
Freund (Ber., 1888, 21, 931). His experiments were carried out at the boiling point of 
ethyl iodide, tetraethyl ferrocyanide, but no more highly ethylated products, being obtained. 
The same substance has since been prepared by Buchboéck, Browning, and Holz], all using 
similar methods. 

When the reaction takes place at room temperature, however, ethylation proceeds 
further. 


10-17 G. of Ag,FeC,N,, after being in contact with excess EtI for 6 weeks, had increased 
in wt. to 22-46 g., corresponding to addition of ca. 5 mols. C,H,I to 1 mol. of Ag,FeC,N,g. 

Extraction of the product with EtOH and CHCl, removed a very small amount of the 
tetraethyl compound, and a more or less cryst. mass (A) remained, insol. in H,O and all the usual 
org. solvents. 

This insolubility suggested the formation of a complex salt with a constitution similar to 
that of the hexamethylated compound [Fe(CNMe,)]I,,4AgI previously described (Hartley, J., 
1912, 101, 707). In order to break up the substance (A) it was treated with AgNO,; Agl was 
pptd., and the nitrate of a base remained in solution, from which a cryst. residue was obtained 
by evapn. todryness. This nitrate, however, was too sol. in H,O or EtOH to be readily purified, 
and it was therefore converted into an acid sulphate, since the corresponding methyl compound 
had proved easy to purify. 

The solid nitrate was dissolved in dry EtOH, and conc. H,SO, added drop by drop. No 
pptn. took place, but on the addition of dry Et,O a salt was pptd., which after drying crystallised 
well from EtOH ; after several recrystns., it was analysed {Found : Fe, 9-7; SO,, 33-0; H,SO,, 
16-6 (by titration with 0-1N-NaOH and methyl-orange). [Fe(CNEt),](HSO,), requires Fe, 
9-65; SO,, 33-1; H,SO,, 16-9%}. Apart from its much greater solubility in EtOH, this sub- 
siance is very similar in its properties to the corresponding methyl compound, e.g., in aq. solution - 
it gives a white insol. mercuri-iodide and a very insol. chloroplatinate. 


OxFoRD UNIVERSITY. [Received, November 30th, 1932.] 





34. A Mode of Studying Nitration. 
By Joun A. HETHERINGTON and IRVINE Masson. 


THE work here summarised was entered upon in order to learn why a dehydrating agent, 
such as sulphuric acid, is required in many aromatic nitrations; for the withdrawal of 
a reaction product (as such) cannot of itself facilitate a reaction which is irreversible, and 
ordinary nitration is irreversible. Evidently, then, the prejudicial influence of water in 
nitrations must be due to its acting upon one of the initial reagents; and the first obvious 
hypothesis is that if water were allowed to be present it would hydrate nitric acid, and 
that only unhydrated nitric acid (rendered so by sulphuric acid) could perform the reaction 
RH + HNO, ——> RNO, + H,O. Such a mechanism was, in fact, put forward in connexion 
with the “ nitration” of cellulose by Kullgren (A., 1908, i, 768) largely on the basis of 
the work of Saposchnikoff (Z. Ges. Schiess Sprengstoffw., 1904, 24, 453; Z. physikal. Chem., 
1904, 49, 697) and others. Saposchnikoff made valuable experiments upon the vapour 
pressures of nitric acid in its mixtures with sulphuric acid, which showed clearly the 
hydration of sulphuric acid at the expense of that of the nitric acid; and he drew atten- 
tion to a rough parallelism between the partial pressure of nitric acid vapour and the 
nitrogen content of the “ nitrocellulose ’’ which the acid mixture would yield. A survey 
of this subject has lately been made by Farmer (J. Soc. Chem. Ind., 1931, 50, 75T), using 
Hantzsch’s ideas of the existence of acids in a “‘ pseudo-acid”’ form. It would not, how- 
ever, be safe to apply to true aromatic nitrations inferences drawn from reversible aliphatic 
esterifications; and still less from esterifications of a heterogeneous colloidal material, 
in which not only the formation of sulphuric esters but also rates of selective diffusion play 
a considerable part (also cf. Berl and Klaye, A., 1908, i, 504). 
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. . 
From the work of Veley and Manley (J., 1903, 83, 1015), Schaefer (Z. anorg. 
Chem., 1916, 98, 70), and Hantzsch (Ber., 1925, 58, B, 941) on the. optical and 
other properties of aqueous nitrates, nitric esters, solutions of nitric acid, and sulphuric— 
nitric mixtures, it has been inferred by Hantzsch (loc. cit.) that in the two last-named 
cases nitric acid is present not only as ionised (H,O)"(NO,)’ and non-ionic HO*NO,, but 
also as “ nitronium ” salts, analogous to the isolated crystalline compounds 2HC10, HNO, 
and HClO,,HNO, or (H*HNO,)’Cl0,’. Hantzsch’s work on electrical conduction and 
molecular weights in absolute sulphuric acid is also taken into account. Thus, in highly 
concentrated nitric acid, the polymeric form H,N,O,, recognised by earlier workers, is 
regarded by Hantzsch and Wolf as nitronium nitrate; and-in sulphuric solutions of nitric 
acid the corresponding acid sulphate is believed to be present. 






The experiments on aromatic nitration here described were chiefly upon the influence 
of acid composition on the formation of dinitrobenzene from mononitrobenzene. This 
case is initially suitable because, on the one hand, it is a mononitration only, trinitro- 
benzene not being appreciably formed, and on the other hand, isomeric dinitrobenzenes 
are produced in only small quantity relatively to the meta-compound. (In the present 
work we have not examined the variability of this proportion.) 

When a stoicheiometric excess of nitrobenzene is shaken, for periods ranging from 
1 hour to 24 hours, with a mixture of sulphuric acid, nitric acid; and water, the reaction 
may go to completion, all the nitric acid being used for dinitration; or it can come to a 
practical standstill, both nitric acid and nitrobenzene remaining together in the mixture. 
The point at which the reaction ceases (whether with complete or with only partial con- 
sumption of the reagents) is determined mainly by the/relative proportions of the three 
inorganic compounds, in the manner described below. ; The proportion of excess unused 
nitrobenzene is not without an influence on the end-poidt reached, as will be shown. The ‘ 
dinitrobenzene produced appears to have no great influence, but our tests of this were not 
numerous. Temperature, within our limits, appears to play only a minor part in deter- 
mining how far the reaction goes. It will be shown that the “ cessation ” of reaction, 
due to water, is really a decrease of velocity to a negligible though doubtless still finite 
value; but so marked is this decrease that it amounts to a stoppage, and in the present 
communication it will be convenient to express it in this way. ° 

The study of the concentration changes in a nitration can best 4 made rational by 
considering molar fractions in the ternary mixture H,SO,-HNO,-H,O, and b 
these triangularly. Clearly, since during nitration each molecule of nitric a 



















) appears is replaced by a molecule of water, the molar fraction of sulph 


unaltered from start to finish. The path followed, throughout ni 
position of the ternary acid mixture (‘‘ the acid”) is peepee 
diagram along the fixed parallel which designates that particu 
acid. (This simplicity is, of course, altogether obscured when 
used.) 
Accordingly, we plot in Fig. 1, and tabulate on p. 113, ies 
atic set of nitrations (Expts. 1 8, 13, 18, 30, supplemented b 
mixed acids of a wide range of composition were allowed to act a636° Upon 
which was usually added to the acid in quantity equivalent t tol the total nitt 
and the mixtures were shaken at 35° for periods varying 1 up t 24 
reactions were reduced to very low speeds within the first f 
every component, inorganic and organic, was determined ‘b 
(Isomeric dinitro-compounds were not differentiated.) The co n 
before nitration are shown by crosses, those at the end of ems eaction 
compositions plotted are those of the aggregate inorganic ce 
distribution in layers, which will be discussed later. » tt ae Sato 
Examination of the diagram will show that under these €ondit 
containing initially (and therefore at every other stage also) over 
acid will allow all its nitric acid to be consumed; +4.e., if the 
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acid present to form the monohydrate H,SO,,H,O with the water initially present plus 
the water formed chemically, the nitric acid is all available for this nitration. Otherwise 
the consumption of nitric acid goes only as far as the curve shown. Thus an acid of initial 
composition shown at X will nitrate nitrobenzene until its composition, moving along the 
parallel XY, reaches Y, when it will practically cease to react. Subject to minor differ- 
ences indicated in the next paragraph, the same arrest point Y will be reached by any 
other nitrating acid whose initial composition lies between U and Y. The yield of dinitro- 
benzene from acid X, expressed as mols. per g.-mol. of the mixed acid, is given by XZ, 
since XZ measures the nitric acid consumed. 5 Shall refer to the compositions shown 
along the curve of Fig. 1 as the “ end-points” or “ limiting compositions ”—recognising 
these points rather as apparent end-points eve as points of absolute cessation. 
It was found that the presence of previously-added m-dinitrobenzene, representing 
the main product of the reaction itself, made little difference in the limiting composition 
attained (Expts. 13, 14), unless the nitrating acid was one containing relatively little 


Fic. 1. 
HNO3 

















Showing change in molecular composition (mol fractions) of acids during 
nitration, and the curve of limiting compositions attained. 


sulphuric acid (Expts. 25—28): here the added dinitrobenzene had a slight inhibiting 
effect. It is to be borne in mind that the addition of dinitrobenzene to a mixed acid, 
before nitration, simulates a nitration of mononitrobenzene which had begun with = 
acid of the same sulphuric content but with proportionately less water. ora 
The end-point is definitely. affected by superfluous mononitrobenzene, in rey sense 
that the whole nitration goes more slowly and appears to cease at an earlier stage. For 
evidence of this, compare Expts."2, 3, 4 with one another, and with 6 and 5; and the 
same is shown on comparing 7 with 9 (and 8, 10, which were more prolonged); 12 with 
15; 16 with 18; and 26, 27, 28, 25 together. These experiments show that the line 
which is the limiting curve of Fig.1 would be drawn rather as a crescent-shaped band, 
if we had to Show the end-points of nitration not only with all conceivable acids but also 
with all p is of excess nitrobenzene. 
estion which arises is, how far is the inhibition of nitration connected with the 
aot #f two phases in the nitration vessel? It can at once be said that heterogeneity 
at prevents the reaction going with ‘‘ theoretical ’’ completeness. As an extreme 
rly concentrated, fuming nitric acid will dissolve much more than its chemical 
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equivalent of nitrobenzene but nitrates none of it; and indeed, speaking generally, it 
Y happens that the mixtures best able to nitrate nitrobenzene are, approximately, those 
least able to dissolve it. Nevertheless, the formation of an “‘ organic layer” does lessen 
the speed of arrival at the eventual end-point, however vigorously the layers are mixed ; 
and we find two reasons for this. The physical excess of nitro-compound extracts from 
the acid a large quantity of nitric acid, and with it some sulphuric acid and water. One 
result is to lower the concentration of nitric acid in the inorganic layer and to reduce 
accordingly the speed of reaction in that layer. But further, we find that the extracted 
ternary acid contained in the organic layer, although it has a composition that would 
allow it easily to nitrate nitrobenzene, if it were synthetically made up afresh and mixed 
with its own equivalent of nitrobenzene or less, actually fails to react when dissolved 
in excess of that medium. In one experiment we interrupted a nitration which was still 
going on steadily, and separated the organic layer, with its dissolved acid, from the acid 


Fic. 2. 
HNO3 





H0 Te 
Molecular compositions of acid present in the organic ayes SDSS 
curve), in the acid layer (lowest curve), and in the aggregate (middle curve). 


The tie-lines show the conjunct layers. 


layer; and then, by direct trial and analyses, we found. that the ability to nitrate more 
nitrobenzene was confined to the acid in the acid layer alone. | .- Se SSS 
Evidently the reaction velocity in the organic medium is very small. Cort 
' with this is the fact already mentioned, that excess of unused nitr ene, eV 
it is all in solution in the acid, both retards the reaction and sets back thee int that 
is finally reached. A reason for these facts is discussed later; meanwhile, they show 
how it is better in this nitration to add the organic compound to the acid rather than 
vice versa. -y APS : 
Much of the evidence for the foregoing paragraphs is presented:in Fig: 2. This shows 
the results of a series of distribution experiments (marked in the table by the letter D 
before their serial numbers), in which nitrating acids of various compo were made 
up and shaken each with its “ theoretical” stoicheiometric valent « 
for 2 hours at 35°. (For strict comparison with the data of Fig. 1, a 
nitration would have been preferred, but was not practicable.) The two 
then separated and analysed; and the compositions of the inorganic cons 
two layers at the end of nitration are given in Fig. 2, ae 
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In this isothermal system of five components, two liquid phases and one vapour, the 
compositions of the acid in each liquid phase at the end of chemical reaction must neces- 
sarily depend upon the relative quantities of the two phases. Quantities other than those 
used here will furnish other distribution curves, and we duly observed this when carrying 
out the “ interrupted ”’ nitration mentioned on p. 108. 

Among the partition experiments, one result is especially to be noted: nitrobenzene, 
shaken with aqueous sulphuric acid of composition H,SO,,H,O (or slightly more aqueous) 
and not containing any nitric acid, dissolves only to a small extent in the acid but makes 
it weaker, by extracting apparently anhydrous sulphuric acid. In one of the two tests 
of this point, an acid of composition initially 0-490 mol. H,SO, to 0-510 mol. H,O was 
| left as 0-441 H,SO, to 0-559 H,O when it was shaken with about twenty times its weight 
of nitrobenzene, while the nitrobenzene layer contained no measurable water but all the 
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fractions of H,SO, shown. 


missing sulphuric acid. In another test, in which the acid and the nitro-compound were 
mixed in about equal weights, the molar fraction of sulphuric acid was reduced from 
0-487 to 0-480, the change here being naturally less. The bearing of these facts is referred 
to later; it led to other work which proved the formation of the compound PhNO,,H,SO, 
(Masson, J., 1931, 3200). 

Velocities —In the course of this work, we have analysed a number of nitrations which 
lasted for 2 hours, as well as others which were carried on for such times as 6, 8, or more 
hours (see experimental table); and the data thus afford approximate curves showing 
the relative speeds of nitration with different acids. Naturally, no velocity constant is 
to be expected from any ordinary nitration, owing to the great change in the medium 
as the reaction proceeds; but Fig. 3 shows the fractional consumption of nitric acid plotted 
against time, each point representing a separate nitration, and each curve referring to a 
fixed molar fraction of sulphuric acid in the acid. The chiefly notable thing is the great 
effect which the sulphuric acid content has upon the speed of nitration. 

In this connexion it should be recalled that Martinsen (Z. physikal. Chem., 1904, 50, 
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385) measured the velocities of various nitrations, including that of nitrobenzene, when 
both the nitric acid and the organic reagent were added in quite small quantities to a 
large excess of sulphuric acid. This reaction followed the bimolecular law; and, unlike 
the nitration of phenol, it was not catalysed by nitrous acid. Martinsen’s most aqueous 
solvent was of the composition H,SO,,H,O; his strongest was a little over 100% H,SO,. 
He showed that in these two media the velocity constants were nearly equal, but that at 
intermediate compositions the constant rose to a maximum value about 15 to 20 times 
as great. The medium for fastest reaction was 0-60H,SO, + 0-40H,O. Our own strongest 
acid happens to contain this proportion of sulphuric acid, and it gave our most rapid 
pe ora all the nitric acid being consumed at 35° in less than an hour from the first 
addition. 

A study of Fig. 3 makes fairly plain the view already mentioned, viz., that the self- | 
stoppage of a nitration means that the reaction velocity has become extremely sensitive 
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H,0 
Relation between final state of nitration mixture and molecular composition 
of initial acid. 
to increasing water content of the medium ; or, more precisely, if k is a bimolecular velocity 
constant of nitration and w is the molar fraction of water in the whole medium, — @k/dw* 
becomes large in mixtures near the limiting curve. 

That the influence of the water formed is too strong to be materially overcome even by 
the use of a higher temperature is shown in our experiments 18 and 19. These were alike 
except that No. 19 involved 4 hours’ heating at 65—70° after they had both been carried 
on for 16 hours at 35°. Applying to this Martinsen’s temperature coefficient of 3-5 per 
10°, No. 19 had the equivalent of about 3 days’ nitration at 35°, yet very little gue of 
its nitric acid was consumed than in No. 18, which had only 16 hours (eh table). 
experiments, together with Fig. 3, give a measure of the finality of the - 

Separation of Dinitrobenzene.—In order to specify more fully the physical ce itions 
of the nitration of nitrobenzene, we determined .the solubilities of dinitrobenzene in the 
“ limiting ” acids at 35° over the whole range. The results are ‘used to make the curve 
of Fig. 4, in which is also drawn the limiting curve given in Fig. 1. The curved belt and 
wedge-shaped area marked “ one layer ’’ show the acids in which the nitration, as far as 
it will go, is physically homogeneous; whereas the area between the imner curve and the 
right-hand edge of the triangle shows acids which, when they have nitrated as far as they 
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will, form a separate phase of dinitrobenzene. No separate organic layer is formed if 
the molar fraction of sulphuric acid in the nitrating acid is either greater than 0-82 or 
less than 0-14, whatever the nitric content of the initial acid. With compositions inter- 
mediate between 0-82 and 0-14 of sulphuric acid, homogeneity is obtained only if the 
initial nitric content be less than that marked by the inner curve, so as to give only a 
small yield before reaction ceases; but since such acids would not normally be used in 
practical nitration, heterogeneity is the ordinary result, as the diagram shows. When 
this happens, the physical excess of dinitrobenzene at 35° may appear either as a solid, 
or else liquefied owing to its m. p. being lowered by extracted nitric acid (together with 
small proportions of sulphuric acid and water). If the molar fraction of sulphuric acid in 
the nitrating acid is over 0-50 the dinitrobenzene is naturally formed as a solid, since 
there remains no unused nitric acid for it to extract. From a nitrating mixture with 
sulphuric acid between 0-50 and 0-14 the dinitrobenzene layer is liquid at 35° (because 
of extracted nitric acid) if the initial acid composition lies near and inside the inner curve; 
for then the yield of dinitrobenzene is necessarily small and its content of extracted nitric 
acid correspondingly high. If, however, the composition of the initial acid lies far inside 
the inner curve, as with acids likely to be used in practice, the yield of nitro-compound is 
greater and so the congentration of extracted nitric acid in the dinitrobenzene layer becomes 
too low to liquefy it at 35°. A similar condition would prevail at any other fixed tem- 
perature of nitration; but the border line between acid compositions yielding a liquid 
organic phase and those yielding a solid would be displaced to the right as the temperature 
used is higher. This border line has not been closely defined in our experiments at 35°, 
and is not drawn in the diagram. 

The significance of Fig. 4 is that from it can be read, by inspection as indicated on 
p. 107, the maximum yield of dinitrobenzene obtainable from any acid, and the amounts 
of that product present respectively in the organic layer and in the spent acid layer at: 
the end of the nitration at 35°. These quantities are expressed in mols. of dinitrobenzene 
per mol. of mixed (or of spent) acid; and it is assumed that only so much nitrobenzene 
is added as the acid will actually nitrate, a quantity defined by the limiting curve. 

Theoretical Conclusions and Further Experiments.—The chief notable fact is the critical 
nature of acids in which the molar fraction of sulphuric acid is 0-5. In any acid poorer 
in sulphuric acid than this (cf. Fig. 1), the nitric acid is only partly available for 
the nitration; in this and any mixture richer in sulphuric acid, all the nitric acid readily 
nitrates nitrobenzene. We have made some experiments also in which o-nitrotoluene 
was nitrated to dinitrotoluene. The reaction, which is rather more rapid than with 
nitrobenzene, appears to be characterised by exactly the same type of end-point curve, 
starting at or very near the sulphuric monohydrate point and running up almost parallel 
with the curve of Fig. 1. It seems, then, that the sulphuric acid monohydrate point is 
not peculiar to the case of nitrobenzene. 

The compound H,SO,,H,O is well recognised; ¢.g., it melts fairly sharply at 8-6°. 
Nitric acid forms two crystalline hydrates, HNO;,3H,O and HNO ,H,O, melting respect- 
ively at — 18° and (with partial decomposition) at — 37°. 

Our results accordingly entitle us to represent the primary condition for nitration to 
proceed at an appreciable rate as being controlled by the equilibrium 


H,SO, + HNO,;,H,O == H,SO,,H,O + HNO,; 
or, preferably adopting a more modern formulation, 
H,SO, + (H,0)"(NO,)’ => (H,0)"(HSO,)’ + H3I0,. 


Further, as an outcome of this work, one of us has*proved the formation of a stable 
complex, electrolytic in nature, between nitrobenzene and sulphuric acid (Masson, Joc. cit.). 
Besides this, the high mutual miscibility of nitric acid and nitrobenzene (without any 
nitration occurring) suggests that these two can form a similar complex. This would be 
analogous to Hantzsch’s “nitronium nitrate.’’ Gibby’s work in this laboratory (J., 
1932, 1540) has shown the conditions under which the nitrobenzene-sulphuric acid complex 
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freezes out in the presence of water; and the extent of its stability in solution in the 
presence of water is indicated in the partition experiments described on p. 109 of the 
present communication. There is clearly an equilibrium 

(PhNO,°H)* + H,O =~ PhNO, + (H,0)’. 

It was suggested (Masson, Joc. cit.) that in the meta-nitration of nitrobenzene the 
immediate organic reagent is not molecular nitrobenzene, but the cation (PhNO,°H)’ of 
this complex. On this view, it is rather the group (-NO,H)* than the simple nitro-group 
which is responsible for the ensuing meta-substitutions in acid media. 

Bringing together the foregoing observations, we have as antecedents to the nitration 
of nitrobenzene at least four interconnected equilibria, which may be formulated together : 


(i) H,SO, + (H,O)’(NO ;)’ == (H,O)"(HSO,)’ + HNO, 

(ii) H,SO, + PhNO, == (PhNO,°H)*(HSO,)’ 

(ili) HNO, + PhNO, == (PhNO,°H)‘(NO,)’ 

(iv) (PhNO,°H)* + H,O == PhNO, + (H,0)’ 
The ensuing bimolecular irreversible nitration itself will then take the course 

(v) (PhNO,°H)* + HNO, = C,H,(NO,),. + (H,0)° 
That the nitrate ion could be the nitrating agent, instead of the anhydrous nitric acid 
molecule, appears to be excluded by the fact that fuming nitric acid, though it is rich in 
nitrate ions, will not appreciably nitrate nitrobenzene dissolved in it. As to the nature 
of the anhydrous nitric acid molecules, the present work furnishes no evidence. 

The inhibiting effect of excess of mononitrobenzene is evidently due to its forcing 
equilibrium (ii) towards the right-hand side; this, by using up sulphuric acid, displaces 
(i) towards the left-hand side, with consequent lowering ii the concentration of anhydrous 
nitric acid. The very strongly inhibiting effect of water is due, not only to its hydrating 
the acids, but also to reaction (iv), in which it decomposes the organic cation formed by 
nitrobenzene with the unhydrated acids, and thus removes what is held to be the immedi- 
ately nitratable material (reaction v). 





EXPERIMENTAL. 


The nitrations were ordinarily carried out so as to treat 100—350 g. of nitrobenzene each, 
in loosely-closed long-necked flasks, specially altered to allow of quantitative siphoning of the 
reaction products. The wts. of all materials were measured to the nearest 0-Olg, For separating 
the products, after the mixture had been diluted with a weighed amount of H,O, a weighed 
amount of PhNO, was added when it was necessary to liquefy the org. product for better separ- 
ation and for the subsequent analysis. The resulting layers were then taken off with a capillary 
siphon and were weighed and analysed separately. With practice, transfer losses normally 
amounted to about 0-25 g. in a total mass of 500—1000 g. 

The composition of all acids was found by using the nitrometer for HNO,, combined with 
vol. determinations of total acidity. These were checked in some . by the direct grav. 
determination of H,SO, as BaSO,, with satisfactory concordance, ‘was estimated with 
KMn0O,, but was never formed in significant quantity. 5 

The PhNO, was made from a stock of the commercial material, for the gif of which we 
wish to thank the British Dyestuffs Corporation. This stock arrived lly frozen (Dec., 
1929); the crystals were drained, melted, and again partly frozen at 0° and Grained. The 
pale brown-yellow solid was melted and was dried over Ca(NO,), (which was insol. in it). It 
then had dj: 1:209, and a setting point of 52°. It was tested for amino-compounds by 
diazotising and coup ——— f-naphthol, and gave only a trace of azo-dye. sd 

For analysing the Org. nitration-product, the mixtures obtained were well washed (the 
washings being analysed with the acids) and were dried over Ca(NO,),; their densities were 
then compared with those of synthetic mixtures of the PhNO, with CoH, (NO,)a, by means of 
a Westphal balance at 15°. The proportion of the latter in the former can in this way be 
determined within about 0-1%; the accuracy would be less if the proportion of isomerides 
varied materially. As a rule, the yield of dinitrobenzene found in this way ‘agreed closely 
with the consumption of HNO,; the only marked discrepancies occurred with opts of low 


H,SO, content (see table). - i eset 








Hetherington and Masson: A Mode of Studying Nitration. 113 


The whole procedure was invariably checked by drawing up an analytical balance-sheet for 
all the constituents of each expt.; and for all except the preliminary series it was found on 
the whole very satisfactory. The table of data shows some evident errors, as when the final 
H,SO, content and the initial are not equal (e.g., Expts. 11, 19, 20), or when the HNO, con- 
sumption differs from the dinitrobenzene formed (e.g., Expts. 22, 23, 29). Some of these were 
distribution expts., in which errors are doubled; and in prolonged expts., slight losses by 
fuming were inevitable. It may be recalled that the H,O content, determined by diff., is the 
figure chiefly liable to error, and that this necessarily becomes magnified on being translated 
into molar fractions owing to the low mol. wt. of H,O compared with the other compounds. 
The degree of fidelity of the analyses may be illustrated by quoting the molecular balance- 
sheet of quantities in one of the better expts. and in one of those only moderately satisfactory. 


Quantities in g.-mols. 


Nitration 4. Nitration 25. 
Before. After. Before. After. 
0°580 0°580 0-120 0-116 
0°434 0:078 1°147 0°901 
2 0°203 0°556 0°249 0°558 
PhNO 1°737 1°385) ,. 0°381 0°122),. 
C,H,(NO,), formed 0-353} 1°738 os 0-246 }0°368 
HNO, used 0-356 ome 0-246 
H,O formed 0°353 —_— 0°309 





Niirations of Mononttrobenzene. 
Relative molecular quantities. 
Initial reagents. Final products. 








Hours Initial acid. Spent acid. , M.N.B. 
at D.N.B. M.N.B. | r < at D.N.B. 
35°. added. added. H,SO,. HNO;. H,O. H,SO,. HNO}. formed. 
1 188 629 188 183 62:9 0°0 18°8 
2 35°6 47°6 35°6 16°8 48°8 33°4 
2 783 472 357 #ij&171 47:2 , 
2 1428 476 356 168 478 
104°5 356 168 479 
15 13 8518 8 46°5 
42°5 42°5 16°7 41°0 
42°5 42°5 16°7 41:0 
169°9 425 167 41:2 
104°2 42°5 16°7 411 
40°4 404 193 38-9 
55°5 55°5 14°7 29°8 
55°5 14°7 29°0 
503 20°77 29°8 
55°5 14:7 ’ 
25°55 46°6 
21:1 50°8 
58:2 16°9 
58°2 16°9 
656 183 
700 156 
70°0 15°6 
73°55 180 
757 16°4 
TT — 16-4 
57°9 35:1 
57°9 35:1 
68:4 - 248 
749 18:2 
83°3_:16°7 
50°7 493 
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SUMMARY. 
Systematic nitrations of nitrobenzene to dinitrobenzene, with full analyses, were made 


with a wide range of mixtures of sulphuric and nitric acids and water. Special application 
of triangular plotting is made to the results. The reaction is found to come to a standstill 
1* 
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before all the nitrobenzene and nitric acid are exhausted, unless there is enough sulphuric 
acid present to form H,SO,,H,O with the water initially present plus that chemically 
formed. The same appeared to hold in nitrations with nitrotoluene. Whilst water is 
the chief inhibitor of the nitration of nitrobenzene, dissolved nitrobenzene itself acts in 
the same direction. 

The conditions under which two layers are formed in the nitration are defined experi- 
mentally and plotted. Distribution measurements, and others, prove that the seat of 
reaction in a two-phase nitration is the acid layer; not the organic layer, despite the 
considerable concentrations of strong acids dissolved in it. 

The promoting action of sulphuric acid, the inhibiting action of water, and the inhibiting 
action of nitrobenzene are traced to the reversible hydration of the two acids concerned and 
to competition between nitrobenzene and water for union with sulphuric acid (cf. Masson, 
J., 1931, 3200). The suggestion is renewed that the real organic agent in meta-nitration 
is the complex cation Ph-NO-OH* rather than molecular PhNO,; and the results as a 
whole point to the equilibria formulated on p. 112 as essential to this nitration. 
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13 
51 
18 
33 
56 

t 
83 

5 
35 
48 
55 
20 

6 
58 
17 
24 
27 
29 
66 
68 
63 

9 
64 
31 
32 
79 
72 

2 
67 

1 
49 
53 
77 
26 
36 
57 
82 

3 
71 
12 
25 
80 
42 


At. wt. 
26-97 
121-76 
39-944 
74-93 
137-36 
9-02 
209-00 
10-82 
79-916 
112-41 
132-81 
40-08 
12-00 
140-13 
35-457 
52-01 
58-94 
63-57 
162-46 
167-64 
152-0 
19-00 
157°3 
69-72 
72-60 
197-2 
178-6 
4-002 
163-5 


1-0078 


114-8 
126-932 
193-1 
55-84 
83-7 
138-90 
207-22 
6-940 
175-0 
24-32 
54-93 
200-61 
96-0 


Neodymium 


(Columbium) 


Phosphorus 


Praseodymium 
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TABLE OF ATOMIC WEIGHTS ISSUED IN 1932 BY THE 
INTERNATIONAL UNION OF CHEMISTRY 


At. 
No. 


At. 
No. 


60 
10 
28 


41 

7 
76 

8 
46 
15 
78 
19 
59 
88 
86 
75 
45 
37 
44 
62 
21 
34 
14 
47 
1] 
38 
16 
73 
52 
65 
81 
90 
69 
50 
22 
74 
92 
23 
54 
70 
39 
30 
40 





At. wt. 

144-27 
20-183 
58-69 


93-3 
14-008 
190-8 
16-0000 
106-7 
31-02 
195-23 
39-10 
140-92 
225-97 
222-00 
186-31 
102-91 
85-44 
101-7 
150-43 
45-10 
79-2 
28-06 
107-880 
22-997 
87-63 
32-06 
181-4 
127-5 
159-2 
204-39 
232-12 
169-4 
118-70 
47-90 
184-0 
238-14 
50-95 
131-3 
173-5 
88-92 
65-38 
91-22 








Seria eee Sd acdanes ttc ae 
fi 











ee ENS etuiaey 





35. 


36. 


37. 


46. 


47. 


38. 


39. 


40. 


41. 


42. 


43. 





CONTENTS. 


PAPERS COMMUNICATED TO THE CHEMICAL SOCIETY. 


General, Physical, and Inorganic. 


Binary Liquid Systems and the Mixture Rule. 
By WALTER MACFARLANE and ROBERT WRIGHT 


The Viscosity of Nitrobenzene. 
By W. M. Cox and J. H. WoLFENDEN R . , . ; . 
Primary Photochemical Processes. Part II. The Absorption Spectrum and 
Photochemical Decomposition of Diazomethane. 
By FREDERICK W. KIRKBRIDE and RONALD G. W. NorRISH 
The Oxidation of Carbonyl on 
By C. E. H. BAwN 
The Ternary Systems constiioned by Menvadic Chloride, Water, otis an Alkaline- 


earth Chloride or Cupric Chloride. 
By Henry BassEtTT, GEOFFREY W. BARTON, ALBERT R. FosTER, and CyRIL 


R. J. PATEMAN 
Evidence from Surface Films on the Constitntion of Batyl wd Chimy) Alcaiinls, 
By Nei K. ADAM 
A Study of the Polyhalides. Part IV. Rosettes! in the pro of a Selvent. 
By HERBERT W. CREMER and DONALD R. DUNCAN ‘ 
Equilibrium Constants in Terms of Activities derived from Ciyoseagie Data : 
The Dissociation of Pyridine —n in Benzene. 
By H. M. Grass and W. M. MapcIn ° , ‘ 
Liquidus and Solidus Studies. PartII. The tecay Syatets KNO,-NH,NO,- 
Pb(NOg)o. 
By H. M. Grass, K. LAyBourRN, and W. M. Mapein . 
The Hydrolysis of Acetonesemicarbazone. 
By J. E. WYNFIELD RHODEs . 


The Oxidation of Carbonyl Sulphide. 
By H. W. Tuompson, F. L. Hovpe, and A. C. H. CAIRNs . 


Organic. 


Phenylmethylselenetine Mercuri-iodide. 
By MicuHaEL P. BALFE and HENRY PHILLIPS 
1-Methyl and 1 : 7- a. 
By W. S. Rapson and W. F. SHORT . 
Lichen Acids. Part IV. Atranorin. 
By Frank H. Curp, ALEXANDER ROBERTSON, and RICHARD J. STEPHENSON 
Some Dinaphthyl Bases. Part II. Reduction of 1 : 1’-Azoxy- and 1 : 1’-Azo- 
naphthalenes. Isolation of 1 : 1’-Hydrazonaphthalene. 
By WILLIAM M. CuMMING and GEORGE HowWIE . : : ‘ ; 
The Stereochemistry of 2 : 2’-Disubstituted Diphenyls. Part III. The Optical 
Resolution of o-(2-Dimethylaminopheny])phenyltrimethylammonium 
Iodide. 
By FLORENCE R. SHAw and E. E. TURNER 
The Depside Esters of Dihydric Phenols and Some Polydepsdes. 
By THomMAS CuRRIE and ALFRED RUSSELL 





PAGE 


114 


118 


119 


145 


151 
164 


181 
193 


199 
204 


208 


127 
128 


130 


133 


135 


140 





Contents. 


2:4: 6-Trichloroaniline. 


By F. D. Cuatraway and Harry [RVING R 
The Stereoisomeric 2 : 3 : 5 : 6-Tetramethylpiperazines. 


By F. Barry KIPPING 


Part IV. 


The Unsaponifiable Matter from the Oils of Elesmobranch Fish. Part IX. The 
Structure of Batyl and Selachyl Alcohols. 
By W. H. Davies, I. M. HEILBRON, and W. E. JoNEs 


Researches in the Menthone Series. 


Part X. The Complete Optical Resolution 


of dl-neoMenthol by means of /-Menthol. 


By JoHN READ and WILLIAM J. GRUBB 
Part XI. 


Researches in the Menthone Series. 
of the Stereoisomeric Menthols. 


Diagnosis and Characterisation 


By Joun READ, WILLIAM J. GRUBB, and DAviD MALCOLM 


Some Walden Inversion Reactions of the #-Toluenesulphonic and #- Toluene- 
sulphinic Esters of /-Phenylmethylcarbinol. 
By Jos—EPH KENYON, HENRY PHILLIPs, and FRANK M. H. TAYLOR 


The Rotatory Powers of the Chlorides produced by heating Certain Chloro- 


formates in Solvents. 


By (Miss) Mary B. HARForRD, JOSEPH KENYON, and HENRY PHILLIPS 


55. Tricarbocyanines. 


By (Miss) NELLIE I. FISHER and (Miss) FRANCES M. HAMER 
NotEes.—The Preparation of Ethyl iia 


By Joun W. BAKER 


The Absorption Spectra of 2: 2'-Dimethyl- and 2: '9’-Diethyl-selenocarbo- 
cyanine Iodides and of #-Dimethylaminostyrylbenzthiazole Methiodide. A 


Correction. 
By L. MARSHALL CLARK 


The Identification of Alcohols in Dilute Aqueous Solution. 


By HERBERT HENSTOCK 





INDEX OF AUTHORS’ 


NAMES. 





ApvaM, N. K., 164. 

Baker, J. W., 216. 

Balfe, M. P., and Phillips, H., 127. 

Barton, G. W. See Bassett, H. 

Bassett, H., Barton, G. W., Foster, A. R., an 
Pateman, C. R. J., 151. 

Bawn, C. E. H., 145. 

Cairns, A.C. H. See Thompson, H. W. 

Chattaway, F. D., and Irving, H., 142. 

Clark, L. M., 216. 

Cox, W. M., and Wolfenden, J. H., 118. 

Cremer, H. W., and Duncan, D. R., 181. 

Cumming, W. M., and Howie, G., 133. 

Curd, F. H., Robertson, A., 
R. J., 130. 

Currie, T., and Russell, A., 140. 


Davies, W. H., Heilbron, I. M., and Jones, W. E., 


165. 
Duncan, D. R. See Cremer, H. W. 


Fisher, (Miss) N. I., and Hamer, (Miss) F. M., 189. 


Foster, A. R. See Bassett, H. 


Glass, H. M., Laybourn, K., and Madgin, W. M., 


199. 
Glass, H. M., and Madgin, W. M., 193. 
Grubb, W. J. See Read, J. 
Hamer, (Miss) F. M. See Fisher, (Miss) N. I. 
Harford, (Miss) M. B., Kenyon, J., 
A., 179. 
Heilbron, I. M. See Davies, W. H. 
Henstock, H., 216. 
Hovde, F. L. See Thompson, H. W. 


and Stephenson, 


and Phillips, 





Howie, G. See Cumming, W. M. 

Irving, H. See Chattaway, F. D. 

Jones, W. E. See Davies, W. H. 

Kenyon, J., Phillips, H., and Taylor, F. M. H., 
173. 

Kenyon, J. See also Harford, (Miss) M. B. 

Kipping, F. B., 143. 

Kirkbride, F. W., and Norrish, R. G. W., 119. 

Laybourn, K. See Glass, H. M. 

MacFarlane, W., and Wright, R., 114. 

Madgin, W. M. " See Glass, H. M. 

Malcolm, D. See Read, J. 

Norrish, R.G. W. See Kirkbride, F. W. 

Pateman, C. R. J. See Bassett, H. 

Phillips, H. See Balfe, M. P., Harford, (Miss) 
M. B., and Kenyon, J. 

Rapson, W. S., and Short, W. F., 128. 

Read, J., and Grubb, W. J., 167. 

Read, J., Grubb, W. J., and Malcolm, D., 170. 

Rhodes, J. E. W., 204. 

Robertson, A. See Curd, F. H. 

Russell, A. See Currie, T. 

Shaw, (Miss) F. R., and Turner, E. E., 135. 

Short, W. F. See Rapson, W. S. 

Stephenson, R. J. See Curd, F. H. 

Taylor, F. M. H. See Kenyon, J. 

Thompson, H. W., Hovde, F. L., 
A. C. H., 208. 

Turner, E. 'E. See Shaw, (Miss) F. R. 

Wolfenden, J.H. See Cox, W. M. 

Wright, R. See MacFarlane, W 


and Cairns, 





Hetherington and Masson: A Mode of Studying Nitration. 113 


The whole procedure was invariably checked by drawing up an analytical balance-sheet for 
all the constituents of each expt.; and for all except the preliminary series it was found on 
the whole very satisfactory. The table of data shows some evident errors, as when the final 
H,SO, content and the initial are not equal (e.g., Expts. 11, 19, 20), or when the HNO, con- 
sumption differs from the dinitrobenzene formed (e.g., Expts. 22, 23, 29). Some of these were 
distribution expts., in which errors are doubled; and in prolonged expts., slight losses by 
fuming were inevitable. It may be recalled that the H,O content, determined by diff., is the 
figure chiefly liable to error, and that this necessarily becomes magnified on being translated 
into molar fractions owing to the low mol. wt. of H,O compared with the other compounds. 
The degree of fidelity of the analyses may be illustrated by quoting the molecular balance- 
sheet of quantities in one of the better expts. and in one of those only moderately satisfactory. 


Quantities in g.-mols. 


Nitration 4. Nitration 25. 

Before. After. Before. After. 

0°580 0°580 0-120 0°116 

0°434 0°078 1°147 0-901 

0°203 0°556 0°249 0°558 

1-737 1385) ,. 0-381 0°122),. 
0-353} 1-738 be 0-246) ° 368 
0°356 — 0°246 
0°353 — 0-309 





Nitrations of Mononitrobenzene. 
Relative molecular quantities. 
Initial reagents. Final products. 





Hours Initial acid. Spent acid. M.N.B. 
at D.N.B. M.N.B. P _—~ " at D.N.B. 
No. 35°. added. added. H,SO,. HNO;. H,O. H,SO,. HNO;. H,O. formed. 
1 18°8 62°9 18°8 18°3 62°9 0-0 37°1 18°8 
2 35°6 47°6 35°6 16°8 48°8 . 49°2 33°4 
2 78°3 47:2 35°7 17°1 47°2 48°3 28°8 
2 142°8 47°6 35°6 16°8 47°8 45°8 29°0 
16 104°5 47°6 35°6 16°8 47°9 49°7 
1°5 46°9 1°3 51°8 46°5 53°5 
42°5 40°8 42°5 16°7 41°0 45°6 
42°5 40°8 42°5 16°7 41:0 49°5 
40°8 42°5 16°7 41-2 44°2 
40°8 42°5 16°7 41:1 50°1 
40°3 40°4 19°3 38°9 48:2 
29°8 55°5 14°7 40°4 
29°8 55°5 14°7 46°9 
29°0 50°3 20°7 48°2 
55°5 14°7 37°8 
25°5 46°6 §1°9 
21-1 50°8 53°5 
58°2 16°9 44°3 
58°2 16°9 46°7 
65°6 18°3 33°4 
70°0 15°6 30°3 
15°6 35°5 
73°5 18-0 33°5 
75°7 16°4 30°8 
75°7 16°4 35°4 
35:1 42°9 
35°1 37°8 
68°4 24°8 34°9 
749 18-2 28°7 
83°3 16°7 17°2 
49°3 49°3 
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SUMMARY. 

Systematic nitrations of nitrobenzene to dinitrobenzene, with full analyses, were made 
with a wide range of mixtures of sulphuric and nitric acids and water. Special application 
of triangular plotting is made to the results. The reaction is found to come to a standstill 

I 
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before all the nitrobenzene and nitric acid are exhausted, unless there is enough sulphuric 
acid present to form H,SO,,H,O with the water initially present plus that chemically 
formed. The same appeared to hold in nitrations with nitrotoluene. Whilst water is 
the chief inhibitor of the nitration of nitrobenzene, dissolved nitrobenzene itself acts in 
the same direction. 

The conditions under which two layers are formed in the nitration are defined experi- 
mentally and plotted. Distribution measurements, and others, prove that the seat of 
reaction in a two-phase nitration is the acid layer; not the organic layer, despite the 
considerable concentrations of strong acids dissolved in it. 

The promoting action of sulphuric acid, the inhibiting action of water, and the inhibiting 
action of nitrobenzene are traced to the reversible hydration of the two acids concerned and 
to competition between nitrobenzene and water for union with sulphuric acid (cf. Masson, 
J., 1931, 3200). The suggestion is renewed that the real organic agent in meta-nitration 
is the complex cation Ph-NO-OH* rather than molecular PhNO,; and the results as a 
whole point to the equilibria formulated on p. 112 as essential to this nitration. 


THE UNIVERSITY oF DuRHAM (DuRHAM Division). [Received, December 2nd, 1932.] 





35. Binary Liquid Systems and the Mixture Rule. 


By WALTER MACFARLANE and ROBERT WRIGHT. 


IF no reaction of any kind takes place on the mixing of two liquids, then the properties 
of the solution so obtained can be calculated from those of its constituents by means of 
the so-called mixture rule, K(Q, + Q.) = K,Q, + K.Q., where K is the value of the 
property for the solution, K, and Ky its values for the pure constituents, and Q, and Q, 
the quantities of these constituents present in the mixture. These quantities may be 


expressed as masses, volumes, or molecular quantities, and the correct method of repre- 
sentation will depend on the property under investigation. 

For some physical properties there is no doubt as to the correct method of expressing 
the composition of liquid mixtures; e¢.g., since density is mass per unit volume of the 
substance, it should be plotted against composition by volume, and specific volume should 
be plotted against mass composition. Specific heat, heat capacity per g., should be plotted 
against mass, but for vapour pressure, where we are dealing with the concentration of 
molecules in the gas phase, the composition of the liquid mixture should be expressed in 
molecular proportions; i.e., when we are dealing with an equilibrium between two states, 
the composition of each state should be expressed in the same manner. 

The correct method of expressing the composition of a liquid mixture whose refractive 
index or dielectric constant is being investigated is not so certain. The refractive index 
of a substance is the ratio of the speed of light in a vacuum to its speed in the medium ; 
hence, since the measurement of speed involves that of distance, it would seem that volume 
proportions should be used in expressing the composition of a mixture whose refractive 
index is being considered. Volume proportions should also be employed in the case of 
dielectric constant, for its measurement involves the comparison of a vacuous condenser 
with the same condenser when filled with the substance under consideration. The close 
relation between dielectric constant and refractive index also indicates that for these 
properties the composition of a solution should be expressed in the same manner. 

In a binary mixture the composition of the surface will be the same as the volume 
composition of the system. It would therefore seem that for surface tension the com- 
position of a mixture should be expressed in volume proportions. On the other hand, 
since surface tension of a liquid is a measure of the work required to create unit surface 
by bringing molecules from the body of the solution into the surface, and it is obvious 
that this work will depend on the type of molecule moved, it may be argued that molecular 
proportions would be a more correct method of expressing the composition of the solution 


in this case. 
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The coefficient of viscosity of a liquid is the tangential force which must be applied 
to one face of a cube of 1 cm. edge in order to give it unit velocity relative to the opposite 
face; therefore it would seem correct to express mixture composition in volume propor- 
tions when dealing with this property. Liquid mixtures, however, seldom if ever obey 
the mixture rule for viscosity, no matter how the composition of the system is expressed. 
This, indeed, is to be expected in view of the nature of the property. We might as well 
expect the strength of a chain to be the average of the strengths of the links, as expect 
the resistance to applied shearing stress in the case of a liquid mixture to be the average 
of the resistances of the constituents. It would seem more probable that the viscosity 
of the mixture should approximate to that of the less viscous constituent. 

It has been argued by Bingham (Physical Rev., 1912, 35, 407) that fluidities rather 
than viscosities should be used when considering binary liquid mixtures, and the general 
results seem to indicate that the mixture rule is often more nearly obeyed for the former 
property. Kendall and Monroe (J. Amer. Chem. Soc., 1917, 39, 1787) have carefully 
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considered the question of the viscosity of mixtures, and give a qualified judgment in 
favour of an empirical expression which considers the cube roots of the viscosities of an 
ideal liquid pair to be additive. . 

Deviations from the mixture rule may be positive or negative or may change sign with 
different composition of solution. Although a curve is the most satisfactory method of 
showing the relation between the property and the composition of the mixture, yet it is 
sometimes convenient to be able to express this relation by means of a number. We 
may do this by stating the deviation for an arbitrarily chosen mixture, say 50%, but a 
more satisfactory method is to use an average value obtained by integrating the property— 
composition curve. Thus (see fig.) the “‘ average deviation ’’ is given by the area ABC 
divided by the length DE, and the “ average relative deviation ’’ by the area ABC divided 
by the area ABDE. It should be noted that the “ average relative deviation ” is a simple 
number, and may be used to compare different properties of a given mixture with each 
other. 

If we wish to test experimentally the correct method of expressing the composition 
of a binary mixture in the case of any given property, the liquids chosen must satisfy 
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certain requirements : (i) they should have as nearly as possible the same chemical nature 
in order to minimise the chance of any reaction between them; 
investigation should have greatly different values for the two pure constituents, otherwise 
the property-composition curve will tend to be represented by a horizontal line no matter 

















TABLE I. 
Tetralin-benzene mixtures at 25°. 
CyeH ys, %- D, g./c.c. n. 7” X 105, poises. 
- sti a I, rc ° . cr — 
wt. Vol. Mol. Found. Calc. Found. Calc. Found. Calc. 
0 0 0 0-8736 1-49781 607-5 
W. 0-8934 W. 1-5066 900 
21-52 19-86 13-94 0-8921 V. 0-8921 1-50635 V. 1-5064 719-0 V. 876 
M. 0-8864 M. 1-5036 M. 796 
W. 0-9124 W. 1-5156 W. 1189 
42-23 39-79 30-16 0-9101 V.0-9106 1-51500 V. 1-5150 875-8 V. 1156 
M. 0-9014 M. 1-5104 M. 1022 
W. 0-9310 W. 1-5242 W. 1466 
62-2 59-8 49-28 0-9290 V.0-9295 1-52362 V.1-5236 1098 V. 1434 
M. 0-9189 M. 1-5186 M. 1287 
W. 0-9486 W. 1-5324 W. 1728 
81-48 79-93 72-9 0-9475 V. 00-9480 1-53217 V.1-5322 1445 V. 1708 
M. 0-9408 M. 1-5287 M. 1612 
100 100 100 0-9661 1-54062 1985 
CyoHis, %- Decalin-cyclohexane mixtures at 25°. 
0 0 0 0-7738 1-42342 928-7 
W. 0-7970 W. 1-4348 W. 1200 
22-1 19-95 14-72 0-7956 V.0-7948 1-43432 V. 1-4339 1061 V. 1173 
M. 0-7894 M. 1-4310 M. 1108 
W. 0-8192 W. 1-4458 W. 1462 
43-04 39-92 31-52 0-8149 V.0-8158 1-44464 V. 1-4445 1260 V. 1425 
M. 0-8070 M. 1-4399 M. 1318 
W. 0-8398 W. 1-4558 W. 1706 
62-67 59-62 50-52 0-8375 V. 0-8368 1-45465 V. 1-4544 1480 V. 1668 
M. 0-8270 M., 1-4497 M. 1556 
W. 0-8605 W. 1-4657 W. 1946 
81-88 79-89 73-33 0-8561 V. 0-8584 1-46471 V. 1-4647 1770 V. 1922 
M. 0-8518 M. 1-4614 M. 1840 
100 100 100 0-8800 1-47509 2171 
CrcH ie, %- Tetralin-cyclohexane mixtures at 25°. 
“0 0 0 0-738 1-42342 928-7 
W. 0-8195 W. 1-4512 W. 1178 
23-67 19-88 16-44 0-8114 V. 0-8123 1-44685 V. 1-4468 981-1 V. 1136 
M. 0-8058 M. 1-4431 M. 1100 
° W. 0-8614 W. 1-4769 W. 1406 
45-24 39-82 34-46 0-8496 V. 0-8504 1-47016 V. 1- pe 1127 V. 1350 
M. 0-8399 M, 1-4 M, 1292 
W. 0-8990 W. 1-5000 W. 1617 
65-22 60-01 54-41 0-8888 V. 0-8890 1-49560 V.1-4938 1324 V. 1563 
M. 0-8786 M. 1-4875 M. 1505 
W. 0-9343 W. 1-5210 W. 1807 
83-24 79-91 75-97 0-9272 V.0-9272 1-51727 V.1-5173 1619 V. 1773 
M. 0-9200 M. 1-5127 M. 1732 
100 100 100 0-9661 1-54062 1985 
C,H,Cl,, %. Ethylene dibromide-ethylene dichloride at 25° 
“0 0 0° 2169 1-53604 1613 
W. 2-075 W. 1-5260 W. 1530 
10-05 16-36 17-5 2016 Vz. 2-016 151988 V. 11-5206 1421 V. 1477 
M. 2-009 M. 1-5192 M. 1467 
W. 1-945 W. 1-5128 W. 1413 
24-04 36-86 38-75 1-826 V. 1-826 1-50012  V. 11-5008 1216 V. 1310 
M. 1-809 M. 1-4988 M. 1295 
W. 1-844 . 15024 W. 1323 
35-1 48-6 50-59 1-715 ~=V. 1-715 1-48881L V. 1-4895 1117 V. 1210 
M. 1-700 M. 1-4876 M. 1195 
W. 1-705 W. 1-4882 W. 1202 
49-97 63-65 65 1577 =~-V. 1-577 1-47570 V.1-4753 1006 V. 1086 
M. 1-560 M. 1-4735 M. 1070 
W. 1-565 W. 1-4740 W. 1074 
65-04 76-59 77-91 1-456 V. 1-456 1-462814 V. 1-4630 917-°9 V. 978 
M. 1-445 M. 1-4620 M. 967 
° W. 1-470 W. 1-4646 W. 990 
74-92 83-96 85-01 1-389 V. 1-389 1-45622  V. 1-4562 864-8 V. 916 
M. 1-377 M. 1-4550 M 


100 100 


100 


1-238 





1-44118 


781-2 


(ii) the property under 





1/n. y, dynes/cm. 
Found. Calc. Found. Calc. 
164-4 27-43 

W. 140-0 W. 29-06 
139-1 V. 142-0 28-56 V. 28-94 
M. 148-6 M. 28-5 
W. 116-3 W. 30-61 
1142 V.119-2 29-78 Vz. 30-43 
M. 130-2 M. 29-74 
W. 93-4 W. 32-14 
91-1 V. 96-2 31-16 V. 31-95 
M. 108-3 M. 31-16 
W. 71-8 W. 33-6 
69-2 V. 73-5 32-9 V. 33-48 
M. 81-2 M. 32-96 
50-4 35-02 
107-6 23-94 
W. 94-0 W. 25-30 
94-26 V. 95-2 24-81 V. 25°17 
M. 98-5 M, 24-85 
W. 81-2 W. 26-6 
79°36 V. 82-8 25-92 V. 26-41 
M. 88-2 M. 25-90 
W. 69-3 W. 27-83 
67-46 V. 71-2 27-01 = V. 27-65 
M. 76-6 M. 27-06 
W. 57-3 W. 29-02 
56-49 V. 58-6 28-39 V. 28-90 
M. 62-5 M. 28-49 
46-06 30-16 
107-6 23-94 
W. 93-8 W. 26-58 
101-9 V. 96-2 25-45 V. 26-18 
M. 97-9 M. 25-78 
W. 81-3 W. 29-00 
88-8 V. 84-4 26-94 V. 28-42 
M. 87-4 M. 27°78 
W. 70-0 W. 31-23 
75-5 V. 72-8 28-86 V. 30-63 
M. 76-0 M. 30-00 
W. 59-6 W. 33-22 
61-8 V. 61-8 31-54 V. 32-87 
M. 63-8 M. 32-42 
50-4 35-02 
62-0 37-13 
W. 68-6 W. 36-47 
70-37 V. 72-3 35-84 Vz. 36-1 
M. 73-5 M. 36-02 
W. 78-0 W. 35-6 
82-24 V. 863 3448 V. 34-8 
M. 87:7 M. 34-67 
W. 85-2 W. 34-92 
89-56 V. 94-0 33-44 Vz 34-04 
M. 95-4 M. 33-92 
W. 95-0 W. 33-96 
99-42 V. 1038 32:77 Vz. 33-12 
M. 105-2 M. 33-00 
W. 104-8 W. 33-03 
108-9 V. 112-5 31-96 V. 32- 
M. 113-4 M, 32-22 
W. 111-5 W. 52-4 
115-6 V. 117-3 31-6 V. 31-84 
M. 118-0 M. 31-76 
128-0 30-80 
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how the composition is expressed ; (iii) constituents of similar density, molecular weight, 
or molecular volume must be avoided, otherwise there will be close similarity between 
curves plotted by different methods. 

This last condition is not always easy to satisfy. For instance, in one pair investigated, 
ethylene dichloride and dibromide, although the constituents differ greatly in molecular 
weight and density, they have very similar molecular volumes ; and asa result the property— 
composition curves expressed by volume are almost identical with those expressed in 
molecular proportions. On the other hand, the hydrocarbons which have been examined 
do not differ greatly in density, and therefore the property-composition curves expressed 
by volume are similar to those expressed by weight. 

The results obtained with four pairs of substances are given in Table I, and the 
theoretical values calculated from the mixture rule are also given for mass, volume, and 
molecular composition in each case. 

From the experimental data given in the tables, three property-composition curves 
were drawn for each liquid pair, using (a) mass, (b) volume, and (c) molecular proportions. 
From the curves so obtained, the average deviations and average relative deviations were 
deduced in the manner already described, the curve areas required in the caleulations 
being taken by means of a planimeter. These deviation values are tabulated in Table II. 





TABLE II. 
Average deviations. Average relative deviations x 1000. 
a ~ ro “> 
CyoHis + CyoHy, + CyoH je + C,H,Cl, + CyoHi + CyoH ye + Cy Hy, > C,H,Br, ~~ 
et1y2- oH ye. otte- C,H,Br,,  CgHy,. ott 12- oHg. 2H,Cl,. 
, (Wt. —0-0020 —0°0077 — 00015 —0-0863 — 2°4 — 8&8 — 16 — 50°5 
DY iva. — ies — 0:0006 on oe com — 06 ones 
Mol. +0°0062 -+0:0070 + 0°0063 -+0°0097 + 75 + 80 + 69 + 57 
4 —0°0008 —0°00413 — 0°0005 —0°00898 — 0°55 — 28 — 03 — 6:03 
n ol. — — — — — _ — — 
{vot +0°0034 +0°00450 + 0°0035 +0°00111 + 2:3 + 3:0 + 2°3 + 0°75 
Wt. —0°00150 —0°00202 — 0-00236 —0°00137 —97°7 —138°5 — 182 —115 
oT {et —0°00123 —0°00164 — 0°00213 —0-00066 -—79°0 —112°6 — 164 — 55 
Mol. —0-:00050 —0°00123 — 0°00124 —0-°00051 —32-0 — 93°8 — 96 — 42°8 
wt. —1-0 +5°16 — 15 +3°39 —13°0 + 65°5 — 140 + 35°7 
1/n + Vol. —2°3 +2°96 — 37 — 2°88 —29°7 + 37°6 — 345 — 30°3 
| Mol. —5°9 veo} —11°5 —3°76 —76°0 + 14°7 —107°3 — 39°6 
—0°45 — 57 
Wt. —0°565 —1°497 — 0°613 —0°879 —20°9 — 51 — 196 — 25°9 
y Vol. —0°428 —1°105 — 0°483 —0°334 —15°8 — 37 — 15°8 — 98 
{Mol — —0°693 — —0°246 a — 23 — — 72 


It will be seen from these tables that for density (D) the mixture rule is obeyed exactly 
in three cases when that property is plotted against composition by volume; in the fourth 
case (tetralin—-benzene) the deviation is less when plotted by volume than when either 
of the other methods is used. For refractive index (m), all four mixtures show agreement 
with the mixture rifle when the property is plotted against volume composition. With 
surface tension (y), two mixtures obey the mixture rule when molecular proportions are 
used, and with the other two systems the deviations are least for this method of plotting. 
For viscosity (y) and fluidity (1/n) no method of plotting is satisfactory, but the average 
relative deviations are greater in the case of viscosity than for its reciprocal, and hence 
it may be argued that fluidity is the more nearly additive property. The conclusion 
may therefore be drawn that, for binary liquid mixtures, refractive index and density 
should be plotted against composition by volume and surface tension against composition 
expressed in molecular proportions, whilst for viscosity no method seems to be satisfactory. 


EXPERIMENTAL. 


The surface tensions were measured by the capillary rise method; the apparatus was as 
described by Richards and Coombs (J. Amer. Chem. Soc., 1915, 37, 1656), the diameter of the 
large tube being 3-8 cm. and of the capillary 0-02244 cm. Viscosities were determined in an 
Ostwald viscometer requiring 20 c.c. of liquid. Both viscometer and surface-tension apparatus 
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were cleaned with CrO, before each determination. The refractive indices were taken with 
a Hilger refractometer of the Pulfrich type, and the densities were determined with a silica 
pyknometer of about 5-c.c. capacity. 

The compounds were all obtained from B.D.H. and were of A.R. quality where possible. 
The benzene and cyclohexane each distilled within 0-1°. The ethylene dichloride and dibromide 
were washed with NaOH aq., followed by H,O, dried, and distilled, the variation of b. p. being 
less than 1° in each case. The tetralin and decalin were treated according to the method 
described by Herz and Schuftan (Z. physikal. Chem., 1922, 101, 269), the variation of b. p. under 
15 mm. being 2° in each case. 


GLasGow UNIVERSITY. [Received, December 17th, 1932.] 





36. The Viscosity of Nitrobenzene. 
By W. M. Cox and J. H. WoLFENDEN. 


In recent work (Massy, Warren, and Wolfenden, J., 1932, 91) on the physical properties of 
nitrobenzene in the neighbourhood of the melting point, it was found that the viscosity 
fell slowly at the rate of about 0-1% per diem; and, although this change seemed to be 
unaffected by all ordinary precautions to exclude 
water vapour from the viscometer, it was suggested 
A that the decrease was caused by a minute but 


Yj continuous absorption of water vapour. 
4 In view of Wagner’s observation (Z. physikal. 
Chem., 1903, 46, 877) that freshly distilled nitro- 
-— 
=! 
-_ 
eel 





benzene decreases in viscosity on standing, and of 
the recent assertions that nitrobenzene exists in two 
forms above the melting point (Mazur, Nature, 1930, 
126, 993; 1931, 127, 741, 893), it was decided to test 
directly the truth of our hypothesis as to the cause 
of the secular fall of viscosity. The opportunity 
was also taken to show that the viscosity of nitro- 


. . @ benzene rigorously protected from moisture is not 
affected by thermal pre-treatment, such as might be 
expected to disturb any internal equilibria in the 
liquid. 

Our previous observations had shown that nothing 
short of an entirely sealed viscometer achieves 
complete exclusion of moisture. It had also been 
shown (by the late Mr. C. H. Carter, in this 
laboratory) that, if measurements of viscosity are 
to be made on a liquid before and after warming in 
the viscometer, significant results can only be 








obtained if the viscometer (of the Ostwald type) is 

firmly held by the capillary limb and not by the 

other limb; the latter arrangement, which has 

normally been used in this laboratory (Applebey, J., 
1910, 97, 1999), leads to anomalous results owing to the thermal hysteresis in the shape of 
the viscometer. 

Two viscometers were constructed (see Fig. 1) in which contact with the air could be com- 
pletely avoided; they were held firmly in holders of the Applebey type, modified so as to fix 
the position of the capillary limb. Rubber bungs are replaced by butt-ended joints sealed 
together, after the viscometer has been filled, by a vapourless cement of low m. p. The liquid 
is driven into the upper bulb by air press, due to the electrical heating of the expansion chamber 
A. The Bulb B contained P,O,;; the tap was lubricated by H;PQ,. 

PhNO,, prepared by nitration of C,H, carefully freed from thiophen, was washed, dried 


































Primary Photochemical Processes. Part II. 119 





over CaCl,, and finally distilled twice in vac. from P,O, in an all-glass still at 74-5°. In handling 
the liquid, a positive press. of dry air was always maintained to exclude moisture. The m. p. 
was 5: 85°. 

One of the viscometers (I) was filled with PhNO, and sealed with P,O,; in bulb B; the 
second (II) was filled similarly, but bulb B contained no drying agent and was simply closed 
by a rubber tube and a glass stopper. Both were mounted in a thermostat at 19-50°. It was 
anticipated that the time of flow of viscometer (I) would remain const. while that of viscometer 
(II) would slowly fall owing to the absorption of moisture. Our expectations were realised, as 
is shown in the following table, which gives a representative series of readings (these are corr. 
for casual variations of thermostat temp. over a range of + 0-02° as shown on a Beckmann 
thermometer). 








Time of flow (secs.). Time of flow (secs.). 
Time from - Time from - - 
start, hrs. Viscometer I. Viscometer II. start, hrs. Viscometer I. Viscometer II. 
0°25 1419°26 1053°46 60:0 1419°31 1049°30 ft 
14°0 1419°23 1051-96 65:0 1419°33 * 1021-20 t 
24:0 1419°28 1051°83 65°25 1419-30 * — 
36°0 1419°35 1050°90 168°0 1419°20 1013°51 
48-0 1419-26 1050°26 


* Between these two observations, viscometer I was removed from the thermostat and heated to 


85° in a glycerol-bath. 
¢t Between these two observations, approx. 0°1% of H,O was added to bulb B in viscometer II. 


These results seem to show conclusively that the slow fall in viscosity previously recorded 
for PhNO, is entirely due to the absorption of water vapour, which all but the strictest pre- 
cautions fail to exclude. The invariable absence of any effect on heating the PhNO, in the 
sealed viscometer (I) is also indirect evidence of the absence of internal equilibria in it. 

We take this opportunity to correct an arithmetical error affecting the viscosities published 
by Massy, Warren, and Wolfenden (/oc. cit., p. 93). The table of results as corrected should: 


read : 











Temp. 107/T. 2: log 19 7- Temp. 107/T. 2: 10849 7: 
19°94° 34,125 2°0272 0°30690 9°07 35,439 2°5185 0°40114 
15°04 34,705 2-2231 0°34696 8°85 35,467 2°5370 0°40432 
12°14 35,058 2°3650 0°37383 8°51 35,510 275530 0°40705 
11°03 35,195 2°4256 0°38483 8°08 35°564 2°5711 0°41012 
10°08 35,313 2°4659 0°39198 7°37 35,654 2°6140 0°41731 

9°66 35,365 2°4947 0°39702 6°64 35,747 2°6613 0°42509 
9°32 35,408 2°5152 0°40057 5°69 35,869 2°7090 0°43281 





From our own observations in viscometer I, the value of 2-0380 centipoises is obtained for 
the viscosity of PhNO, at 19-50°. This is in good agreement with the above values. 


BALLIOL AND TRINITY COLLEGE, OXFORD. [Received, November 16th, 1932.] 














37. Primary Photochemical Processes. Part II. The Absorption 
Spectrum and Photochemical Decomposition of Diazomethane. 


By FREDERICK W. KIRKBRIDE and RONALD G. W. NorrIsH. 


Curtius (Ber., 1908, 41, 3168) has recorded that, in sunlight, an ethereal solution of diazo- 
methane evolved gases which he presumed to be ethylene and nitrogen, and that the 
solution on evaporation yielded a viscous residue. No other observation upon the photo- 
chemistry of diazomethane was on record, although the subject offered many problems of 
interest, ¢.g., the nature of the primary photochemical change, its relation to the type of 
absorption spectrum exhibited by the vapour, and whether, in view of the endothermic 
nature of the substance, the products of the primary change were able to initiate reaction 
chains leading to an explosive decomposition similar to that observed thermally. 

In a qualitative and partly quantitative study of the absorption spectrum of diazo- 
methane, correlated with the photochemical decomposition in the gas phase with reference 
to the nature and proportions of the products and to the quantum efficiency of the reaction, 
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we have found, using instruments of high dispersion, two regions of absorption, the first in 
the blue and violet, showing a structure suggesting predissociation, the second, very intense 
and continuous, in the ultra-violet beyond 2650 A.U. A spectrophotometric measurement 
of the former region, when compared with the spectrum of azomethane, gives some con- 
firmation of the ring structure for diazomethane (Hantzsch and Lifschitz, Ber., 1912, 45, 
3022; Sidgwick, J., 1929, 1108), and a comparison of the products of decomposition of the 
pure substances with those obtained in the presence of hydrogen or oxygen indicates the 
primary photochemical change as a severance of the two nitrogen atoms from the molecule. 
The subsequent history of the CH, radical, leading mainly to ethylene and propylene but 
also to other by-products, can be fairly satisfactorily traced. 

The thermal decomposition of diazomethane was investigated by Steacie (J. Physical 
Chem., 1931, 35, 1493), who found a homogeneous bimolecular reaction at temperatures 
above 135°, with a heat of activation of about 36,000 cals./g.-mol., occurring according to 
the equation 2CH,N, = C,H, + 2N,. On the other hand, as might be expected from the 
strongly endothermic character of the substance, the decomposition readily became 
explosive, and there appeared to be an explosion limit of ca. 10 cm. at 217° and ca. 18 cm. 
at 187°. The explosions, however, were so uncontrollable, and so obviously dependent on 
the condition of the walls of the vessel, that no reliable data were obtained and the work 
was abandoned. 

Photochemically we have found similar decomposition products, a large proportion of 
the diazomethane vapour reacting to give olefins and nitrogen, and the results appear to 
be the same with light of wave-length corresponding either to the first or to the second 
absorption region. In addition, however, there is a liquid substance, containing nitrogen, 
deposited on the walls of the reaction vessel, whose formation can be explained as a second- 
ary “‘ dark ”’ process, in terms of reactions known to occur between olefins and diazomethane. 

The determination of the quantum efficiency yielded values of 4—5 for light of wave- 
lengths 436 and 365 my. In no instance could an explosion be started photochemically ; 
there is thus no evidence for a chain of any appreciable length, a fact which is somewhat 


surprising in view of the strongly exothermic character of the decomposition. 


EXPERIMENTAL. 


Preparation of Diazomethane—CH,N, was prepared (after Meerwein and Burneleit, Ber., 
1928, 61, 1840) by the action of a solution of Na in ethylene glycol on nitrosomethylurethane ; 
not more than 1-5 c.c. of the latter were used in each prepn., and the containing vessel was kept 
at 0° by immersion in ice-water. A current of dry N which was passed through the apparatus 
conveyed the evolved CH,Ns, via a spiral immersed in ice and HCl aq., to a trap immersed in 
liquid air, where it was frozen out. The CH,N, was freed from less volatile impurities by 
distillation in vac. from a trap cooled in solid CO, and Et,O to one cooled in liquid air. 

The product would keep indefinitely at — 190°, and no explosions occurred after the com- 
pletion of the prepn., provided that all glass surfaces had been carefully cleaned with H,CrQ,. 
There was, however, a slow decomp. of the vapour at room temp., N being liberated without 
change of vol., and a coherent white solid film deposited on the glass of the reaction vessel; this 
solid contained no N, hence we may assume the equation »CH,N, = (CH,), + ”N, (cf. Bam- 
berger and Tschirner, Ber., 1900, 33, 956). The stability of the samples of CH,N, improved as 
the work progressed, and finally a sample of the vapour was obtained which still retained its 
yellow colour after storage in a glass bulb at room temp. for 8 months. This fact enabled light- 
absorption measurements to be made without serious errors due to deposited white solid. 

The Absorption Spectrum of Diazomethane.—For the absorption spectrum in the visible and 
near ultra-violet region, the vapour was introduced at a measured press. into an evacuated 
20-cm. SiO, tube, with plane and parallelends. The photographs were taken with a Hilger E, 
spectrograph, using a 100-watt filament lamp as a “ continuous ” light source, and the iron arc 
to give a reference spectrum. When the press. of the vapour was 59 mm., the absorption was 
apparently continuous, beginning at 4400 A.U. and extending into the ultra-violet, but at 
250 mm. a number of weak and extremely diffuse bands appeared from about 4710 to 4250 A.U., 
the wave-lengths of the bands being approximately as below, in A.U. : , 


ca. 4710 4600—4570 4490—4460 4360—4340 
4670—4630 4550—4520 4430—4390 4310—4250 
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None of the bands could be defined with precision, but the mean separation between their 
centres is ca. 66 A.U. or about 300cm.. This diffuseness strongly suggests that we are here 
concerned with the phenomenon of predissociation. Beyond 4200A.U. the absorption was 
continuous, reaching a max. intensity at about 3950 A.U. and then decreasing until at 3200 A.U., 
the limit of transmission of the lamp, it was no longer perceptible. These facts are illustrated 
qualitatively in Fig. 1. 

The absorption spectrum was examined in the further ultra-violet region with the aid of a 
large concave grating spectrograph of 3 m. focal length, a H discharge tube being used as a “‘ con- 
tinuous ” light source. The absorption vessel was a 100-cm. SiO, tube, and exposures were 
made with CH,N, pressures of 6and 22mm. The spectra showed a second region of absorption, 
beginning at 2650 A.U. and rapidly becoming very intense towards shorter wave-lengths, At 
both pressures the absorption was continuous, 

Since the spectrum consists of diffuse bands followed by a continuum, it is clear that the 
absorption of a light-quantum leads immediately to the dissociation of the molecule. The 
dissociation process which seems a priori the most probable is CH,N, + fv = CH, + Ng. 
Calcn. from thermochemical data [the value of the C—C link being taken as 110 cals. (Sidgwick 
and Bowen, loc. cit.), and the heat of formation of C,H, as — 2-7 k.-cals.] shows that this process 
would require 64 cals./g.-mol., if CH,N, were a thermo-neutral compound, but as it is certainly 
strongly endothermic, the energy of the quantum of wave-length 4710 A.U. (60 cals./g.-mol.) is 
sufficient to effect the above dissociation. 

Fic. 1. 


Absorption 
(qualitative). 








5000 4000 3000 2000 


Wave -lengths (AU) 


If, however, the ring formula for CH,N, be accepted, dissociation involving rupture of the 


ring is also conceivable : 
H 


Acc L_w-N- 
H N +hy= H-C = 


This process would require about 55 cals./g.-mol. to judge from the energy value of the C—N link 
in NH,Me (Sidgwick and Bowen, Ann. Reports, 1931, 28, 367), but from the general behaviour 
of CH,N, it does not seem likely that the process would occur without the simultaneous liberation 
of the internal energy of the mol. and the separation of a mol. of Ng, leading in effect to the 
former process, which therefore is to be taken as the most probable course of the optical dis- 
sociation of CH,N,. This conclusion is supported by the photochemical results (see below). 

Comparison of the Spectrum of Diazomethane with that of Azomethane.—The CH,N, spectrum 
was examined with a Nutting visual spectrophotometer, the vapour being contained in the 
20-cm. SiO, tube at a press. of 300 mm. The extinction coefficients (¢) obtained have been 
plotted in Fig. 2, which also gives values obtained at 436, 405, and 365 my, with the apparatus 
illustrated in Fig. 4. The complete data on the spectrum may now be compared with those for 
azomethane (Ramsperger, J. Amer. Chem. Soc., 1928, 50, 123). 

Diazomethane, CH,N,. Azomethane, CH;-N,°CH3. 


Commencement of first absptn. region (A.U.)... 4800 4050 
Position of max. in this region (A.U.) 3950 3400 
End of first absptn. region (A.U.) 3200 2800 
Max. value of ¢ in first absptn. region 4°9 4°6 


Commencement of second absptn. region (A.U.) 2650 2600 
Character of spectrum Diffuse bands to 4250 A.U., Continuous* 


then continuous 


* But since Ramsperger used a Hg arc as source, this merely signifies that the azomethane spectrum 
has no marked structure. 
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The close general resemblance between the two spectra is clear, and is in accordance with the 




























supposition that the azo-group of azomethane is also present in CH,N,. The evidence from the . 
absorption spectrum therefore supports the ring formula for the latter. 
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Initial press. of CH,N,: (I) 104 mm., (II) 207-5 mm. 


Photochemical Decomposition of Diazomethane.—Light from a Hg-vapour lamp, operated at 
const. voltage, was concentrated by means of a large lens on the reaction vessel, a bulb of 212 c.c. 
capacity. This was connected to a U-shaped manometer, and was maintained at 25° by 
immersion in a cylindrical vessel through which H,O from an electrically regulated thermostat 
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was circulated. The apparatus was evacuated by a Hyvac pump, and the gaseous products of 
reaction collected by means of a Topler pump. 

Course of reaction. On illumination of the CH,N,, at 100—200 mm. an immediate increase 
of press. set in: the yellow colour of the vapour gradually disappeared, and small brownish 
drops collected on the vessel walls. The press. increased in an accurately unimolecular manner 
to its final value, which was 25—30% more than the initial. This is illustrated in Fig. 3, which 
shows the straight lines obtained by plotting log, (P.. — P,)/(P. — P) against ¢, P being the 
obs. press. at ¢ min., P, and P,, respectively the initial and the final press., and & the vel. 
const. 

The course of the reaction was also tested at lower press. With initial press. down to 
12 mm., the reaction was still unimolecular, and the increase of press. was always between 
26% and 30%. 

An alternative arrangement of apparatus by which it was possible to obtain a much greater 
intensity gave very similar results. In this case a water-jacketed tubular reaction vessel situated 
close to the lamp, and maintained at 25°, was used, and although a much more rapid decomp. 
was obtained (see curve III of Fig. 3), the press. increase was of the same magnitude, and liquid 
drops formed as before. 

In an attempt to initiate explosions the initial press. of CH,N, was raised as high as 550 mm., 
with the same intense illumination, but in no case was an explosion observed. The tubular glass 
reaction vessel was then replaced by a similar vessel of silica, so as to admit light of wave-length 
corresponding to the second absorption region in the ultra-violet, the lamp being, as before, 
placed as close as possible; but although the decomp. occurred still more rapidly, it did not lose 
its unimolecular character, and the final press. increase of 27-6% showed that there was no change 
from the results obtained when light only of the longer wave-lengths was admitted. 

Composition of the residual gases. The gaseous products of the reaction were passed through a 
trap cooled in liquid air and pumped out into a small gas burette of capacity 6 c.c., or, when 
larger quantities of gas were available, into a Lunge nitrometer which was used in conjunction 
with Hempel pipettes. , 

The fraction of the gas uncondensable at — 190° comprised on the average 75-1% of the total 
gas from the reaction vessel. It was unaffected by the usual reagents, and it would not explode 
with O, but combustion over red-hot CuO showed that it contained 71-9 parts of N to 3-2 
of CH,. 

A further fraction (20-1% of the total gases) was obtained on warming the trap to — 80° by 
means of solid CO,. Treatment with Br aq. showed that 88-5% of it consisted of olefins, and the 
remainder was shown by explosion with O to be C,H,. Further samples of the fraction were 
then exploded with O (the C,H, being present), and three closely concordant analyses showed 
that 37 of the 88-5 parts of olefin consisted of propylene, the remainder being C,H,. 

By warming the trap to 20°, the fraction of the residual gas condensable at — 80° was found, 
from the press. it exerted, to amount to about 4% of the total gas, though it could not be pumped 
out, since it was absorbed by either the P,O; in the Tépler pump or the moisture in the gas 
burette. It may have been a nitrogenous base. 

The results of the gas analysis are summarised below, the figures indicating vols. relative to 
that of the initial CH,N, as 100. They show that no simple equation can represent the course 


of the reaction. 


WUIOBNS aio ssc acnssccsscesscnseces N, 91:3; CH,, 4:2. 
Condensable at —190° .............0000e C,H,, 13:1; C,H, 9°4; C.H,, 3°0. 
Condensable at —80°  ............0c0eee 6°1 (by diff.). 


The liquid residue. The brownish liquid formed in the reaction vessel had a low v.p., since 
it remained after thorough evacuation with the Topler pump. It was extracted from the 
reaction vessel with Et,O and, after evaporation of Et,O, had an amine-like odour, was readily 
sol. in acids, and gave with H,O a weakly alk., cloudy solution. Lassaigne’s test showed that 
it contained N, and when its alc. solution was treated with Na, NH, was evolved. It was 
therefore a weak nitrogenous base. Now, since Azzarello (Atti R. Accad. Lincei, 1905, 14, ii, 
286) found that C,H, reacts with CH,N, to give pyrazoline, presumably C,H, would give a 
methylpyrazoline; further, the pyrazolines readily lose H to give the corresponding pyrazoles. 
It is therefore likely that the liquid residue consisted of a mixture of substances of this type. 
Measurement of the Quantum Efficiency of the Reaction—The apparatus used is illustrated in 
Fig. 4. The reaction vessel 4, of fused SiO,, was connected to a sensitive glass Bourdon gauge 
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B, the pointer of which was observed through a travelling microscope. The general method 
of manipulation of the gauge was as described by Norrish (J., 1925, 127, 2316); it was calibrated 
to about 3% accuracy against a Hg manometer. H,O from an electrically regulated thermo- 
stat was circulated through the outer jacket of the gauge, and also through the Cu tank C. The 
temp. of the gauge and of the bulb A were thus maintained const. at 25°. 

The optical system consisted of a diaphragm fixed close to the lamp, a large quartz lens 
(focal length 10 cm.) at 11 cm. from this diaphragm, and a second diaphragm placed 12 cm. from 
the large lens. Immediately after this was the tank C (the windows of which were plane SiO, 
plates), followed by the smaller quartz lens L,, which collected the light emerging from C into 
the Na photoelectric cell P. The electrical circuit and the method of calibration of this cell were 
as described in Part I (J., 1932, 1518). 

To isolate monochromatic light of wave-length 436 my, the colour filter employed consisted 
of a plate of Co glass combined with a 0-5-cm. layer of 4% quinine hydrochloride aq. For 
365 mu, a Wratten No. 18a filter was used. 
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In carrying out a determination, the apparatus was first thoroughly evacuated with a Hyvac 
pump. Then the deflexion of the galvanometer connected to the photoelectric cell was recorded, 
and a shutter was inserted in the light beam. CH,N, was admitted to A, and after the gauge 
pointer had been set to zero by manipulation of 7,, the manometers were read and illumination 
begun. The reading of the gauge pointer was recorded at intervals, and likewise the deflexion 
of the galvanometer. When the press. had increased by about 1 mm., the CH,N, was pumped 
out and the galvanometer again read, so that the mean absorbed light flux could be 
calculated. 

The pointer readings were plotted against time, and, since the reaction proceeded only to a 
relatively small extent, the points lay on a straight line, of which the slope gave the rate of 
press. increase. , 

It being assumed that an average press. increase of 27% indicates complete decomp. of the 
CH,N,, the rate of press. increase when multiplied by 100/27 = 3-7 gave the rate of decomp. in 
mm./sec. The capacity of the bulb and gauge having been found to be 68-7 c.c., the quantum 
efficiencies for light of 436 my and 365 my were calculated from the data recorded below. 





Primary Photochemical Processes. 


Voltage of photoelectric cell 
Sensitivity (quanta/sec.) for 1 cm. defin. 


Initial press. (mm. Hg) 

Mean light absptn. (in cm. defin.) 

Do. corr. for light losses 

Do. do., in quanta/sec. x 10-14 

Rate of press. increase (mm./min.) ............++. 
Mols. decomp. per sec. x 10715 


At 365 mu. 
41 
1:27 x 1044 
II. 
200°6 
6°05 
801 
10°1 


~ 
OO 
on’ 


4°60 


Part Il. 


Al 436 mp. 


110 
2°40 x 10" 


0°0333 


RWO WAN 
NacusI- 
Worm crc 
o 
w 


Quantum efficiency, y 4°53 

The quantum efficiency thus lies between 4 and 5. The optical dissociation of the CH,N, 
mol. must therefore be followed by a short chain of secondary reactions, involving on the average 
about 4 mols. of CH,N,; this is in accordance with the complex nature of the decomp. products. 

Irradiation of Diazomethane in Presence of Hydrogen and of Oxygen.—The diffuseness of the 
spectrum of CH,N, indicates that the primary photochemical process which follows the act of 
absorption is a dissociation of the mol., and the nature of the products of decomp. shows that this 
probably occurs according to the equation CH,N, + Av = CH, + N,; the actual final products 
of reaction may be supposed to arise from the action of CH, groups on unchanged CH,N, mols. 

It seemed that the correctness of this mechanism could be tested by carrying out the decomp. 
in the presence of H, which, by combining with the CH, groups to form CH,, should reduce the 
formation of olefins; this reduction would be coupled with a corresponding suppression of 
secondary reactions, so that a smaller formation of nitrogenous bases and a more nearly quant. 
yield of free N, would be obtained. Table I, which gives the results of the illumination at 25° 
of a mixture of equal vols. of the two gases, in comparison with those of the simple decomp. 
under the same conditions, shows that all these expectations were realised. The proportion of 
CH, and N increased, that of olefins diminished, and the nitrogenous liquid was no longer 
noticeable. (In the table, the vols. are given relative to that of the initial CH,N, at S.T.P. as 
100.) 


TABLE I. 
Initial press. of CH,N, (at 25°), 100-1 mm.; H added, 100-3 mm.; final total press., 226-9 mm. 


In mixture. In simple decomp. 


Vol. of N, produced 91°3 
” CH, ” 4°2 
» residual H, nil 
Initial vol. of H, , — 
Vol. of H, consumed 
»  Olefins produced 
” C,H, ” 


22°5 
3:0 
nil 
61 


Similar expts. were performed with mixtures of CH,N, and carefully purified O; here the 


reaction was too rapid, and the press. increase too small, for the kinetics to be followed. The 
results of analysis of the gaseous products are in Table II, vols. being on the above basis. 


TABLE II. 


Initial press. of CH,N, (mm. at 25°) 
” - O, added (mm.) 
Relative vol. of O, 
Final press. increase, % 

Vol. of residual O, 
O, consumed 
CO produced 


N; 
H 
cé, produced 
C,H, ” 
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we Tees 
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te 

= © 
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II. 
120°7 
188°7 
156°5 

73 
117°0 
39°5 
10°7 
101-0 
trace 
5°95 
3°65 


o 


The N of the CH,N, was thus quant. liberated as such, no oxides of N being formed, but the 


greater part of the C and H went into two liquid products. One of these was non-volatile, and 
sol. in H,O to a weakly acid solution; the other had a v. p. of 48 mm. at 13°, did not freeze at 
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— 80°, and dissolved in H,O to give a solution which coloured Schiff’s reagent—it was thus 
probably aldehydic. These liquid products, together with the oxides of C, are undoubtedly the 
oxidation products of the CH, radicals. The quant. elimination of N shows that only the CH, 
radicals were attacked, and the results obtained, both in the hydrogenation and in the oxidation 
expts., therefore agree in supporting the conclusion that the primary photochemical process 


involves, not merely the rupture of the >< ring, but a complete dissociation according to 
the equation : CH,N, + fv = CH, + Ng. 


The formation of the final reaction products in the simple photochemical decomposition 
may be accounted for as follows : 

(1) Ethylene. (a) CH,N, + Av = CH, + N,; (0) CH, + CH,N, = C,H,* + Ng, the 
C,H,* afterwards losing its excitation energy by collision. These reactions give a value 
of 2 for y, which, however, might be increased if the C,H,* or N, molecules are sometimes 
able to dissociate another CH,N, molecule by collision. 

(2) Propylene. (a) and (b) as above, then (c) C,H,* + CH,N, = C,H, + Ng, giving a 
value of 3 for y. 

(3) Some of the ethylene formed as in (1) may be supposed to yield pyrazoline : C,H, + 
CH,N, = C,H,Ng, giving a value of 3 for y. 

(4) Similarly, propylene formed as in (2) may be supposed to afford a methylpyrazoline : 
C,H, + CH,N, = CyH,Ng, giving a value of 4 for y. 

A calculation based on this scheme and on the percentage composition of the reaction 
products shows that the mean value of y should be about 3. The observed value is 
approximately 4, and the discrepancy between the two is probably outside the limits of 
experimental error. We may therefore suppose that in a small proportion of instances the 
primary process is followed by a repeating chain such as is suggested under (1) above. 

In conclusion, we suggest that the differences between the photochemical and the 
thermal decomposition of diazomethane are to be explained by ascribing to the latter a 
reaction mechanism involving, not free radicals, but excited molecules which are produced 
in bimolecular collisions, and react directly thus: CH,N,* + CH,N, = C,H, + 2N,. 
The explosions occurring at temperatures and pressures above certain limiting values are 
presumably due to branching reaction chains, initiated with the aid of the energy of the 
ethylene and nitrogen molecules first formed. The absence of explosions in the photo- 
chemical reaction may be due to the expenditure of the energy of decomposition in the 
synthesis of complex products. 

SUMMARY. 


1. The absorption spectrum of diazomethane vapour shows two absorption regions; 
the first, from 4710 A.U. to 3200 A.U., consists of diffuse bands followed by a continuum, 
and the second, beginning at 2650 A.U., is completely continuous. The general character 


of the spectrum supports the formula Eccl for diazomethane. 


2. The photochemical decomposition of diazomethane has been found to be kinetically 
a unimolecular reaction in which the main products are nitrogen, ethylene, propylene, and 
a non-volatile liquid which is possibly a pyrazoline derivative. The quantum efficiency is 
approximately 4 at both 365 and 436 mu. 

3. From the above facts, and from the photochemical behaviour of mixtures of diazo- 
methane with hydrogen and with oxygen, it is concluded that the primary process in the 
photochemical decomposition is CH,N, + Av = CH, + Ny. The formation of the actual 
reaction products is readily explained in terms of subsequent secondary processes. 


The authors thank the Government Grant Committee of the Royal Society, Emmanuel 
College, and the Department of Scientific and Industrial Research for grants. 


LABORATORY OF PHYSICAL CHEMISTRY, CAMBRIDGE. (Received, December 9th, 1932.] 













QO nr oo 


= > > a, me 


Balfe and Phillips: Phenylmethylselenetine Mercuri-todide. 127 


38. Phenylmethylselenetine Mercuri-iodide. 
By MicuaEt P. BALFE and HENRY PHILLIPs. 


THE finding of Pope and Neville (J., 1902, 81, 1552) that racemisation occurs during the 
formation of mercuri-iodides from optically active selenonium bases has been confirmed. 

From dl-phenylmethylselenetine bromide, by the action of potassium mercuri-iodide, 
two products are formed. One, m. p. 90°, is the impure mercuritri-iodide, which gradually 
decomposes. The other, which has the m. p., 140°, recorded by Pope and Neville for the 
dl-mercuritri-iodide, is apparently a molecular compound of the selenetine mercuritri- 
iodide (1 mol.) and the selenetine mercuritetraiodide (3 mols.). 

d-Phenylmethylselenetine d-bromocamphorsulphonate, prepared by recrystallisation of 
the dl-selenetine d-bromocamphorsulphonate, gives a dextrorotatory chloroplatinate, and 
when treated with aqueous solutions of either potassium mercuritri-iodide or of mercuric 
iodide (1 mol.) and potassium iodide (5 mols.), yields an optically inactive product, m. p. 
135°, having the same composition as the molecular compound mentioned above. 

Thus, although the preparation of a mercuri-iodide of the optically active selenetine 
base, even by methods which yield optically active mercuri-iodides from the sulphonium 
base (Balfe, Kenyon, and Phillips, J., 1930, 2554), is accompanied by racemisation, the 
product is not the mercuritri-iodide as stated by Pope and Neville. As in the case of the 
sulphonium mercuri-iodides, a symmetrical structure need not be postulated for these 
compounds in order to explain the loss of rotatory power. The formation of an optically 
inactive product is rather to be ascribed to the instability of the selenetine base, which 
decomposes even more readily than the sulphonium bases in the presence of a soluble 
halide. The greater instability of selenonium, as compared with sulphonium, bases has long 
been recognised and is further shown in the present work by the inability to isolate a pure 
mercuri-iodide and by the racemisation of the chloroplatinate in solution. 


EXPERIMENTAL. 


dl-Phenylmethylselenetine chloroplatinate was obtained as a red cryst. solid, m. p. 170°, 
insol. in all solvents, on adding platinic chloride (1-0 g.; 1 mol.) in conc. HCl (1-7 c.c.; 5 mols.) 
to dl-phenylmethylselenetine bromide (1-0 g.; 1 mol.) in H,O (10 c.c.). The m. p. is that 
recorded by Pope and Neville for the chloroplatinates of both the optically active and the 
dl-base. 

Preparation of dl-Phenylmethylselenetine Mercuri-iodides—(i) By means of potassium 
mercuritri-iodide. Addition of the mercuritri-iodide (4-1 g.; 1 mol.) in H,O (5c.c.) to di-phenyl- 
methylselenetine bromide (2-0 g.; 1 mol.) in H,O (20 c.c.) produced a yellow oil, which 
crystallised after 12 hr. (3-9 g., m. p. 80—85°). Recrystn. from acetone separated it into a 
sol. fraction, m. p. 90° after two further recrystns., which was possibly impure d/-phenylmethyl- 
selenetine mercuritri-iodide (Found: C, 11-2; H, 1-2. C,H,,0,I,SeHg requires C, 13-3; 
H, 1-3%), and an insol. fraction—the molecular compound (Found : C, 17-0; H, 1-6%). 

(ii) By means of Hgl, and 5 mols. of KI. Solutions of d/-phenylmethylselenetine bromide 
(1-5 g.; 1 mol.) in H,O (20 c.c.) and of KI (4:1 g.; 5 mols.) and Hgl, (2-2 g.; 1 mol.) in H,O 
(5 c.c.) were mixed. The recryst. product, m. p. 96°, appeared to be the impure d/-mercuritri- 
iodide (Found : C, 11-2; H, 1-2%). The substance, m. p. 140°, was not detected. 

Phenylmethylselenetine d-Bromocamphorsulphonate.—The filtered solution obtained from 
dl-phenylmethylselenetine bromide (52 g.) in H,O (200 c.c.) and silver d-bromocamphor- 
sulphonate (69 g.; 1 mol.) in H,O (750c.c.) was, after addition of d-bromocamphorsulphonic acid 
(4 g.), concentrated at 40 mm. to 200c.c. The crystals which separated (30 g., m. p. 169°) were 
recrystallised once from warm EtOH, then twice by solution in cold MeOH and removal of part 
of the solvent at room temp., giving d-phenylmethylselenetine d-bromocamphorsulphonate (7 g.), 
m. p. 174°, [a] 5s93 + 61-2°, [«] 5289 + 63°4°, [x] 5461 + 73°8° (c = 1-60,/ = 2) (Found: C, 42-1; H, 
4-6. Calc. for C,,H,,0,BrSe: C, 41-8; H, 46%). Pope and Neville (loc. cit.) give m. p. 168° 
and [«]ss93 + 61-5°. The salt was sparingly sol. in cold EtOH and no satisfactory change in 
m. p. or rotation was obtained when the resolution was attempted by recrystn. from warm 
EtOH; after six such crystns. the product decomposed without melting at 275° (Found : 
C, 58-7; H, 4:8%), and from it no derivatives could be prepared. 
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The d-bromocamphorsulphonate of the levo-base could not be isolated from the mother- 

liquors of the successful resolution. 
d-Phenylmethylselenetine Chloroplatinate.—To a solution of the d-selenetine d-bromocamphor- 

sulphonate (1-8 g.; 1 mol.) in EtOH (10 c.c.), platinic chloride (1-0 g.; 1 mol.) in conc. HCl 
(1-7 c.c.; 5 mols.) was added. The red cryst. product had m. p. 90°, [a]593 + 8°3°, [a] 529 
+ 8°3°, [a] sag, + 104° (c = 1-44, 7 = 2). After recrystn. from hot aq. acetone it had m. p. 
95°, [a]ss93 + 11°8°, [a] 5299 + 10°8°, [a] 546, + 15°8° (c = 1-30, 7 = 2). Pope and Neville give 
m. p. 171° and [a]5s93 +6°3°. After 7 days this solution was optically inactive (Found: C, 
26-6; H, 3-3; Pt, 21-2. Calc. for C,,H,,0,Cl,Se,Pt,C,H,O: C, 26-2; H, 3-1; Pt, 21-3%). 
The EtOH of crystn. accounts for the low m. p. 

The Mercuri-iodide obtained from d-Phenylmethylselenetine d-Bromocamphorsulphonate.— 
(i) By means of potassium mercuritri-iodide. A solution of potassium mercuritri-iodide (1-2 g.; 
1 mol.) in H,O (3 c.c.) was added to d-phenylmethylselenetine d-bromocamphorsulphonate 
(1-0 g.; 1 mol.) in H,O (7 c.c.). The pptd. white solid (1-1 g., m. p. 125°) was sparingly sol. in 
acetone and EtOH, and was optically inactive in both solvents. After recrystn. from EtOH- 
Et,O it had m. p. 135° (Found: C, 17-1; H, 1-7; I, 42-5. 3C,,H,.0,1,Se,Hg,C,H, ,O,I,SeHg 
requires C, 17-5; H, 1-8; I, 44-2%). No change in composition or m. p. was brought about 
by further recrystn. (Found: C, 17-1; H, 1:7%). 

(ii) By means of Hgl, with 5 mols. of KI. A solution of HgI, (0-9 g.; 1 mol.) and KI (1-6 g.; 
5 mols.) in H,O (5 c.c.) was added to d-phenylmethylselenetine d-bromocamphorsulphonate 
(1-0 g.; 1 mol.) in H,O (5 c.c.). An optically inactive white solid (1-9 g.), m. p. 125°, was 
obtained asin the previousexpt. After recrystn. from EtOH and Et,O it had m. p. 135° (Found : 
C, 17-1; H, 18%). 


The authors thank. the Government Grant Committee of the Royal Society and Imperial 
Chemical Industries, Ltd., for grants. 
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39. 1-Methyl and 1: 7-Dimethyl-4-isopropylnaphthalene. 
By W. S. Rapson and W. F. SHorr. 


1-METHYL-2-CHLOROMETHYL-4-isOPROPYLBENZENE was condensed with ethyl sodio- 
malonate to yield ethyl (2-cymylmethyl)malonate. Methylation of the sodio-ester with 
methyl iodide (methyl sulphate cannot be employed) afforded ethyl (2-cymylmethy])- 
methylmalonate (I) in satisfactory yield. Saponification of the ester and decarboxyl- 
ation gave 8-2-cymylisobutyric acid (II), which was esterified and reduced by Bouveault’s 
method to y-2-cymylisobutyl alcohol (III). This alcohol was converted, by way of the 
bromide and cyanide, into y-2-cymyl-$-methylbutyric acid (IV), the chloride of which 
passed readily into 1-keto-3 : 5-dimethyl-8-:sopropyl-1 : 2 : 3 : 4-tetrahydronaphthalene 
(V) on treatment with aluminium chloride. Reduction of the ketone by Clemmensen’s 
method was unsatisfactory, but sodium and alcohol gave a mixture of the carbinol with 
the corresponding unsaturated hydrocarbon (VI). This mixture was dehydrogenated by 
sulphur to 1 : 7-dimethyl-4-isopropylnaphthalene, which, unlike the isomeric cadalene, 
is solid (m. p. 60°) at room temperature. 


Me Me CH, 
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CH CH 
/ ~ *\cMe(CO,Et), *\CHMe \CHMe 
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CO,H CH,-OH[Br] [CN] 
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CHMe sill CHMe 


H CH 
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Repetition of the above synthetic process, but omitting the methylation stage, furnished 
1-methyl-4-isopropylnaphthalene, already synthesised by Ruzicka and Mingazzini (Helv. 
Chim. Acta, 1922, 5, 714) by a slightly different route. 


EXPERIMENTAL. 


1-Methyl-2-chloromethyl-4-isopropylbenzene.—The 54% yield obtained by Blanc (Bull. Soc. 
chim., 1923, 33, 313) may be increased to 70% by the following modification. Paraform (18 
g.), p-cymene (130 g.), and powdered ZnCl, (14-4 g.) at 60° were stirred so that a thick emulsion 
was produced, and dry HCl was passed for 7 hr. 57 G. of #-cymene were recovered and 77 g. 
of the chloromethyl compound, b. p. ca. 120°/12 mm., were obtained. 

Ethyl (2-Cymylmethyl)malonate.—Ethyl sodiomalonate (1-2 mols.) and 1-methyl-2-chloro- 
methyl-4-isopropylbenzene afforded a 66% yield of this ester (b. p. 197—200°/9-5 mm.) when 
boiled with dry C,H, for 7—8 hr. 

Ethyl (2-Cymylmethyl)methylmalonate.—MelI (1-2 mols.) was gradually added to a solution 
of Na (1-05 atoms) and the substituted malonic ester in abs. EtOH (16 c.c. per g. Na), and the 
mixture boiled for 3—4 hr. The product was obtained as a thick oil (yield, 76%), b. p. 181— 
185°/8 mm. Approximately the same yield resulted by conducting the condensation in C,H. 

(2-Cymylmethyl)methylmalonic Acid.—The ester was refluxed (3 hr.) with a solution of Na 
(4 atoms) in 95% EtOH (20 c.c. per g. Na). The acid obtained was insol. in the majority of 
solvents, but separated from 80% MeOH in colourless plates, m. p. 170° (Found: C, 68-1; H, 
7:6; equiv. by titration, 134. C,;H,.O, requires C, 68-2; H, 7:-6%; equiv., 132). 

8-2-Cymylisobutyric A cid.—The dibasic acid was decarboxylated at 180°, yielding the mono- 
carboxylic acid as a thick colourless oil, b. p. 190—195°/14 mm. (yield, 87%) (Found: equiv. 
from Ag salt, 221. C,,H, 0, requires equiv., 220). The acid, 1-3N-Na,CO, (1-5 mols.), and 
Me,SO, (1 mol.) gave a 79% yield of ester, b. p. 142—148°/8 mm. 

y-2-Cymylisobutyl Alcohol.—Reduction of the ester, dissolved in abs. EtOH [3 vols., dried 
over Al(OEt);], with Na (14 atoms) and abs. EtOH (8 c.c. per g. Na) at 140° (4 hr.) gave the 
alcohol as a colourless oil, b. p. 157—158°/14 mm. (average yield, 85%). . 

y-2-Cymyl-B-methylbutyvic Acid.—The above alcohol was heated with 50% HBr-AcOH 
(4 mols.) for 16 hr. at 140°, and the bromide converted into the cyanide by refluxing it (12—16 
hr.) with KCN (2-5 mols.) and 95% EtOH (25 c.c. per g. KCN). The crude cyanide was boiled 
with 10N-alc. KOH (5 mols.) for 10—12 hr., most of the EtOH removed, and the residue poured 
into H,O. An attempt to remove neutral impurities by extraction with Et,O resulted in 
solution of the potassium salt in the Et,O layer. The acid was obtained as a colourless oil, 
b. p. 182—188°/9 mm. (yield, ca. 30%). 

The acid chloride, b. p. 150—151°/8 mm., was obtained by warming the acid at 60° for 
2—3 hr. with SOCI, (1 mol.) and light petroleum (free from aromatic hydrocarbons; 3 c.c. per 
g. of acid). Yield, 92%. 

1-Keto-3 : 5-dimethyl-8-isopropyl-1 : 2 : 3 : 4-tetrahydronaphthalene—A solution of the acid 
chloride in dry light petroleum (3 vols.; b. p. 60—80°) was added to AICI, (1-1 mols.) covered 
with the same solvent, and the mixture ultimately refluxed for 3 hr. The cyclic ketone was 
obtained as a colourless oil, b. p. 150—155°/8 mm. (yield, 94%). 

1 : 7-Dimethyl-4-isopropylnaphthalene.—The ketone was reduced at 110° by means of Na 
(13 atoms) and abs. EtOH (12 c.c. per g. Na). The product, b. p. 140—155°/8 mm., consisting 
of the carbinol and the corresponding unsaturated hydrocarbon (yield, 80%), was heated with 
S (1-1 atoms) at 180° until evolution of H,O ceased and then at 230° for 5 hr. The crude pro- 
duct, b. p. 150—158°/12 mm., was redistilled from Na and converted into the picrate, which 
separated from EtOH in orange-red needles, m. p. 92° [Found: M, by titration with 0-025N- 
Ba(OH), (lacmoid), 425. C,,H,,0,N, requires M, 427]. On decomp. of the picrate with 
NH, the naphthalene hydrocarbon was obtained; it crystallised from 90% EtOH in plates, 
m. p. 60° (Found: C, 90-9; H, 9-1. C,;H,, requires C, 90-9; H, 9-1%). The styphnate 
formed yellow needles, m. p. 120°. 

B-2-Cymylpropionic Acid.—Saponification and decarboxylation of ethyl 2-cymylmethyl- 
malonate gave the monocarboxylic acid as a viscous oil, b. p. 165—170°/4-5 mm., which slowly 
solidified to crystals : these were exceedingly sol. in the usual solvents, but separated from dil. 
AcOH in plates, m. p. 85° (Found: M, by titration, 206-1. C,,H,,O, requires M, 206-2). 
The methyl ester, b. p. 162—168°/11 mm., was obtained in 78% yield by the action of Na,CO, 
and Me,SOQ, as described above. 
y-2-Cymylpropyl alcohol, b. p. 152—158°/11 mm. (yield, 76%), y-2-cymylbutyric acid, b. p. 
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173—180°/4 mm. (yield, 33%), and its acid chloride, b. p. 151—153°/7-5 mm. (yield, 91%), 
and 1-keto-5-methyl-8-isopropyl-1 : 2: 3: 4-tetrahydronaphthalene, b. p. 140—145°/6 mm. 
(yield, 80%), were obtained by the methods described in the case of the methyl homologues. 

Reduction of the ketone (11-2 g.) by Clemmensen’s method gave a poor yield (2-85 g.) of 
the hydrocarbon, b. p. 135—140°/12 mm., but reduction with Na and abs. EtOH furnished a 
mixture, b. p. 135—160°/12 mm., of the carbinol with the unsaturated hydrocarbon in 64% 
yield. 

1-Methyl-4-isopropylnaphthalene.—Dehydrogenation of either the dihydro-derivative or 
the crude carbinol and distillation of the product from Na gave the naphthalene hydrocarbon, 
which was purified by regeneration from the picrate and then had b. p. 145—148°/12 mm. ; 
dit® 0-9934; nii* 1-5907; [Rz,]p 62°50; EM) 2-39; Exp 1-30. The picrate separated from 
EtOH in orange needles, m. p. 99° (Ruzicka and Mingazzini, Joc. cit., give m. p. 99—100°) 
(Found: M, by titration, 413-5. Calc. for C.g5H,,O,N,: M, 413). 

The styphnate separated from EtOH in fine yellow needles, m. p. 102°. 
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40. Lichen Acids. Part IV. Atranorin. 
By FRANK H. CurD, ALEXANDER ROBERTSON, and RICHARD J. STEPHENSON. 


ATRANORIN, which appears to be one of the most widely distributed lichen products, 
having been obtained from about eighty species of lichen, was first isolated in 1877 by 
Paternd and Oglialoro (Gazzetta, 7, 189), and has since been the subject of numerous investig- 
ations by various workers (for a complete list of references, see St. Pfau’s memoir; Helv. 
Chim. Acta, 1926, 9, 650). The earlier investigators showed that the substance was the 
methyl ester of a depside which on scission with hot alcohols furnished methyl 8-orcin- 
carboxylate and the esters of the unstable acid, hematommic acid. Further, the decom- 
position of both atranorin and ethyl hematommate was found to give rise to a phenolic 
compound, atranol, for which several formule were suggested. It was not until 1926, 
however, that the latter compound was shown by St. Pfau (oc. cit.) to be y-orcylaldehyde. 
The synthesis by Robertson and Robinson (J., 1927, 2196) of O-dimethylatranol, which 
was identified by comparison with a natural specimen (J., 1931, 2697), confirmed the 
structure of atranol. 

The structure assigned to esters of hematommic acid by St. Pfau (/oc. cit.) has now been 
confirmed by the synthesis of methyl hematommate. 


Me Me Me 


CO.M OHC/ \cO.M 
1) ol ox Ho jor |) oC Be (aL) 


CHO HO 


On condensation with hydrogen cyanide by Gattermann’s method, methyl orsellinate 
gave rise to a mixture of two aldehydes, one of which was identical with a specimen of 
methyl hematommate derived from atranorin. Since atranol has formula (I), methyl 
hematommate and the isomeric methyl isohematommate must have formule (II) and (III) 
respectively. 

A quantity of atranorin was isolated from Evernia prunasiri by a procedure similar to 
that described by Hesse (J. pr. Chem., 1915, 92, 431) involving the use of chloroform. 
Though the product appeared to be homogeneous and to have properties identical with 
those described by previous authors, it was found on analysis to contain chlorine. Further, 
a specimen of atranorin isolated and kindly supplied by Dr. St. Pfau was also found to 
contain chlorine; the two specimens gave the same analysis and appeared to be identical 
in every way. At first it appeared probable that the presence of halogen in our material 
was due to chloroform of crystallisation, but since it was unchanged after repeated crystallis- 
ation from different solvents before or after having been dried in a high vacuum, and since: 
a chlorine-containing methylation product has been isolated, this view cannot be: 

















Curd, Robertson, and Stephenson: Lichen Acids. Part IV. 131 


maintained. On the other hand, the halogen-containing material may result from the 
decomposition of chloroform in the presence of moisture in the crude lichen extract. 
Subsequently a method was devised for the isolation and purification of atranorin which 
avoided the use of chloroform and furnished a halogen-free product. This substance was 
otherwise indistinguishable from the material which contained chlorine and on scission with 
hot 90% acetic acid according to St. Pfau’s directions gave rise to atranol and methyl 
8-orcincarboxylate in almost theoretical yield. The analytical results obtained with 
halogen-free specimens, however, do not agree with the previously accepted empirical 
formula C,,H,,0,; instead, they show conclusively that the depside has the composition 
C,9H,,0,,H,O. The compound did not lose weight when exposed to a high vacuum at 
140—150° for 3 hours, but at higher temperatures underwent decomposition. In this 
connexion it may be noted that atranol hydrate is dehydrated with difficulty (compare 
St. Pfau, Joc. cit.). 

Methylation of atranorin containing halogen has been found to give rise to a mixture 
of O-trimethylatranorin and a halogen-containing trimethyl ether. On scission, both 
products readily yielded methyl isorhizonate (Robertson and Stephenson, J., 1932, 1675), 
but in spite of repeated attempts we were unable to isolate the methylated atranol residue 
either as O-dimethylatranol or as methyl O-dimethylhematommate. 


Me Me Me Me 
0-0 \OMe co-0” NOH 
(Y) veol JMeO C2 Os Cebit v:) 
HO Me CHO Me 


Nevertheless the formation of methyl isorhizonate together with the synthesis of methyl 
hematommate in our opinion affords conclusive evidence that O-trimethylatranorin has . 
formula (IV), and hence atranorin has formula (V). 

With regard to the scission of depsides by means of boiling alcohol, we have observed 
that atranorin is unaffected by pure hot methyl or ethyl alcohol, but in the presence of a 
trace of alkali, however, the reaction proceeds rapidly. Stenhouse (Amnalen, 1848, 138, 63) 
has noted that evernic acid behaves ina similar manner. That other authors do not appear 
to have commented on this phenomenon may arise from the fact that alcohol distilled over 
lime or calcium is liable to contain traces of lime (Noyes, J. Amer. Chem. Soc., 1923, 45, 
860). 

EXPERIMENTAL. 

Atranorin.—(A) An ethereal extract of the lichen Evernia prunasini (1-3 kg.) was evaporated, 
and the mixture twice extracted with boiling CHCl, (100 c.c. and 50 c.c.); the insol. fraction 
consisted of almost pure evernic acid. The combined CHCl, extracts, which contained atranorin, 
usnic acid, oils and waxes, and a small amount of chlorophyll, were evaporated and the residual 
mixture was agitated with acetone (100 c.c.). The insol. residue of almost pure atranorin was 
collected and crystallised from xylene (m. p. 195°) and then from CHCI, (2-1 g. in 40 c.c.), form- 
ing pale yellow prisms (1-7 g.), m. p. 196—197°, which gave positive tests for Cl (Found in 
material dried at 100° in a high vac. for 3 hr.: C, 58-2; H, 4-8%). Another specimen, purified 
in this manner, was found to be unchanged after repeated crystn. from C,H, (Found in material 
dried in high vac. over P,O, in presence of solid paraffin at room temp. for 3 days, and then at 
100° for 2 hr.: C, 58-1; H, 4:9; Cl, 5-4; OMe, 7-9. Calc. for C,,H,,0,: C, 60-9; H, 4-8; 
OMe, 8-3%. Calc. for 5C,gH,,0,,CHCI,: C, 57-9; H, 46; Cl, 5-4; OMe, 7-8%). The Cl 
was not removed by dissolving the atranorin in an excess of boiling xylene and distilling the 
solvent until crystn. started or by dissolving it in cold aq. NaOH and repptg. with mineral acid. 
Treatment of the substance with a warm mixture of PhNH, and alc. KOH gave rise to the odour 
of phenylcarbylamine. 

A specimen of atranorin isolated by St. Pfau gave positive reactions for chlorine (Found in 
dried material : C, 58-1; H, 48%). 

(B) The residue obtained from the ethereal extract of the lichen (300 g.) was twice extracted 
with cold acetone (60 c.c. and 40 c.c.) and then agitated with warm saturated aq. NaHCO, 
(200 c.c. at 50°). The crude atranorin was collected, washed with much hot H,O to remove 
sodium evernate (sparingly sol.), dried, and crystallised several times from C,H,. Halogen- 
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free atranorin (1 g.) thus obtained had m. p. 196—197°, alone or mixed with a specimen prepared 
by method A (Found in material dried at 110° in a high vac.: C, 58-3; H, 5-1. Calc. for 
C,,H,,0,,H,O: C, 58-2; H, 5-1%). 

Methylation of Atrvanorin.—(A) A mixture of atranorin (2 g., containing Cl), Mel (2 c.c.), 
Ag,CO, (4 g.), and acetone (25 c.c.) was agitated for 16 hr., the filtered solution evaporated in a 
vac., and the yellow viscous residue refluxed with Mel (20 c.c.) and Ag,CO, (4 g.) until a sample 
failed to give a reaction with FeCl, (1-5—4 hr.). On isolation the gummy product was dissolved 
in AcOEt; after the addition of warm light petroleum until a faint turbidity appeared, O-iri- 
methylatranorin gradually separated in colourless prisms (1-1 g.), m. p. 108—112°. Cryst. twice 
from MeOH, it formed stellate aggregates of rhombic prisms, m. p. 123° [Found : C, 63-2; H, 
5-9; OMe, 29-6. C,,H,,0,(OMe), requires C, 63-4; H, 5-8; OMe, 29-8%]. The compound 
is readily sol. in C,H,, AcOEt, or acetone and insol. in dil. aq. NaOH. 

In one expt. a compound was isolated which crystallised from AcOEt-ligroin (1 : 6) in tiny 
colourless prisms, m. p. 136°, and appeared to be a dimethyl ether of atranorin [Found : OMe, 
22-6. C,sH,,0;(OMe), requires OMe, 23-1%]. This ether, which gave a light brown coloration 
with alc. FeCl, and was insol. in aq. NaOH, dissolved in aq.-alc. NaOH, forming a yellow solution. 
On methylation with MeI and Ag,CO, in boiling acetone it gave rise to O-trimethylatranorin, 
m. p. and mixed m. p. 122°. 

After the isolation of O-trimethylatranorin the combined AcOEt-light petroleum mother- 
liquors from several expts. were concentrated and in the course of several months a second 
product separated in tufts of colourless needles. Recryst. from xylene, then from MeOH, and 
finally twice from AcOEt-ligroin, it formed clusters of silky needles, m. p. 106—107°, which 
contained chlorine [Found: C, 59-2, 59-2, 59-1, 59-2; H, 5-5, 5-4, 5-4, 5-4; Cl, 7-6, 7-6; OMe, 
26:8. Calc. for C,,H,,O,Cl)OMe),: C, 58-6; H, 5:1; Cl, 7:9; OMe, 27-5%. Calc. for 
3C,3H,,0,(OMe),,CHCI,: C, 58-9; H, 5:3; Cl, 7°8; OMe, 27-°3%]. This material was insol. 
in aq. NaOH, did not give a reaction with FeCl,, and reduced ammoniacal AgNO, (mirror). 
Prepared in the usual manner, the semicarbazone separated from the reaction mixture in short 
needles, m. p. 208°, which were sparingly sol. in org. solvents and contained Cl (Found: N, 8-2; 
Cl, 7-1. Calc. for C,3H,,0,N,Cl: N, 8-3; Cl, 7-0. Calc. for 3C,;H,,O,N;,CHCl,: N, 8-2; 
Cl, 6-9%). 

The semi-solid residues left after the removal of the compound, m. p. 106—107°, were ground 
with a little MeOH, drained on a filter, and washed with MeOH. The resulting white solid, 
m. p. 98—99°, consisted mainly of the halogen-containing trimethyl ether, m. p. 106—107° 
after crystn. from xylene. Evaporation of the MeOH filtrate left a gum, from which a solid 
compound could not be isolated. A solution of this material in 10% methyl-alc. KOH was 
refluxed for } hr., cooled, diluted with H,O, and acidified with dil. H,SO,, and the cryst. ppt. 
of methyl isorhizonate which gradually separated was collected after 12 hr. Extraction of the 
aq. filtrate with Et,O gave a yellow gum, which did not contain alkali-sol. material and did not 
crystallise alone or on inoculation with O-dimethylatranol. 

(B) A mixture of atranorin (2 g.), well-ground K,CO, (4 g.), Mel (4 .c.), and acetone (30 c.c.) 
was refluxed for 100 hr.; after 50 hr., more Mel (2 c.c.) was added; methylation was complete 
when the original yellow colour of the solution had disappeared and a sample did not give a 
reaction with FeCl,. On isolation in the usual manner O-trimethylatranorin gradually separated 
from hot AcOEt-ligroin in clusters of prisms, which on recrystn. from MeOH formed rhombic 
prisms (0-3 g.), m. p. 123°, identical with a specimen prepared by method (A). 

Treatment of atranorin with diazomethane gave an intractable resinous product. 

Hydrolysis of O-Trimethylatranorin.—The trimethyl ether (5 g.) dissolved in 10% methyl- 
alc. KOH (70 c.c.) at room temp. in the course of 16 hr. (agitate), and 2 hr. later the solution 
was diluted with H,O (1 1.) and acidified with HCl aq. (Congo-red). Methyl isorhizonate slowly 
separated in slender needles (2-1 g.); after 20 hr. it was collected and recryst. from 30% aq. 
MeOH, forming rhomboidal prisms, m. p. 142°, identical with an authentic specimen (Found : 
C, 62-6; H, 6-8. Calc. for C,,H,,O,: C, 62-8; H, 6-7%). 

O-Trimethylatranorin was not decomposed by boiling 90% AcOH. 

After the removal of the methyl isorhizonate, the aq. liquor was saturated with (NH,),SO, 
and extracted with Et,0. Evaporation of the combined extracts left a viscous liquid, from 
which a small amount of methy] isorhizonate was isolated, but a definite compound could not 
be obtained from the residue. 

Well-ground trimethylatranorin (containing halogen; m. p. 106—107°) (1-5 g.) dissolved 
in 20% methyl-alc. KOH (50 c.c.) in the course of 36 hr. 12 Hr. later the mixture was acidified 
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with dil. H,SO, and extracted several times with Et,0. The combined extracts were agitated 
with aq. NaHCO, and then with aq. NaOH, dried, and evaporated, leaving no appreciable 
residue. 

Acidification of the aq. NaOH washings gave methyl isorhizonate (0-6 g.), m. p. 142° 
after purification. 

From the acidified aq. NaHCO, washings by means of Et,O a small amount of an oil was 
isolated which partially solidified, but owing to lack of material this solid was not investigated. 

Methyl Heamatommaie.—(A) A mixture of powdered atranorin (2 g.) and MeOH (200 c.c.) 
containing NaOH (20 mg.) was refluxed for 3 hr., the resulting clear solution acidified with dil. 
H,SO,, the MeOH evaporated, and the mixture of methyl $-orcincarboxylate and methyl 
hematommate distilled with steam and separated by fractional crystn. from MeOH. The less 
sol. methyl hematommate formed elongated slender needles, m. p. 146°. 

(B) Powdered anhydrous ZnCl, was suspended in a solution of methyl orsellinate (J., 1932, 
1388) (10 g.) in Et,O (300 c.c.), anhyd. HCN (10 c.c.) added, and the mixture saturated with 
HCl. 4Hr. later the cryst. solid was collected, washed with Et,O, and dissolved in H,O (100c.c.), 
and the solution heated on the steam-bath for ? hr. After cooling, the product was collected 
and distilled in steam: almost pure methyl hematommate separated from the distillate in 
needles; recryst. from MeOH, it melted at 146° alone or mixed with a natural specimen (Found : 
C, 57-4; H, 5-0. Calc. for CygHy0;: C, 57-1; H, 48%). The FeCl, reaction (reddish-brown) 
and the coloration in aq. Na,CO, (canary-yellow) of the synthetical material were identical 
with those of the natural compound. 

The residue (0-3 g.) non-volatile in steam consisted mainly of methyl isohematommate, which 
crystallised from hot H,O in almost colourless, elongated, rectangular prisms, m. p. 130° (Found : 
C, 57-5; H, 5-1%). This aldehyde gave a brown coloration with alc. FeCl, and a colourless 
solution in dil.aq. NaOH. It formed a bisulphite compound which on cautious treatment with 
warm dil. H,SO, yielded the original compound. 

Evaporation of the ethereal filtrate and washings from the mixed aldimines gave unchanged 


methyl orsellinate (6-5 g.). 
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41. Some Dinaphthyl Bases. Part II. Reduction of 1: 1'-Azoxy- 
and 1: 1'-Azo-naphthalenes. Isolation of 1: 1'-Hydrazonaphthalene. 


By Wi111AM M. CumMinG and GEorGE Howie. 


CumMING and Howl (J., 1932, 528) have synthesised naphthidine (4 : 4’-diamino-1 : 1’- 
dinaphthyl), dinaphthyline (1: 1’-diamino-2: 2’-dinaphthyl), and dinaphthyleneimine 
(1 : 1’-imino-2 : 2’-dinaphthyl) and established their constitutions. This part describes 
their preparation by reduction of 1: 1’-azoxy- and 1: 1’-azo-naphthalene in neutral, 
alkaline, and acid solutions (cf. Cumming and co-workers, J., 1923, 123, 2464; 1924, 125, 
1111; J. Roy. Tech. Coll. Glasgow, 1929, 43). An interesting fact emerges from this work, 
viz., that the “ benzidine conversion ” as applied to the hydrazonaphthalenes takes place 
with the 1 : 1’- as well as with the 2 : 2’-derivative, in acid, neutral, and alkaline solutions. 

Nietzki and Goll (Ber., 1885, 18, 3252) by alkaline reduction of 1 : 1’-azonaphthalene, 
and Cumming and Steel (J., 1923, 128, 2464) by neutral reduction of 1-nitronaphthalene, 
obtained colourless plates, m. p. 275°, and needles, m. p. 274°, respectively. The latter 
compound on recrystallisation from alcohol containing sulphur dioxide to prevent oxidation 
gave a different modification, plates, m. p. 271°; mixed m. p. 269-5°. Both papers describe 
this compound, m. p. 275°, as 1: 1’-hydrazonaphthalene. Cumming and Steel advanced 
the view that the two compounds, m. p. 274° and 271°, are represented by R-CNH-NHR 
and R:N:NH,R, corresponding to the s.- and as.-azoxynaphthalenes. The formulation 
of the as.-form is now considered unsatisfactory, and in any case we have proved that 
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sulphur dioxide is capable of converting the hydrazo-compound into dinaphthyline, m. p. 
281°. 

By neutral reduction of s.-azoxynaphthalene, and by alkaline reduction of s.- and as.- 
azoxy- and azo-naphthalenes we obtained, in fair yield, colourless plates, m. p. 153° (turning 
red). This compound showed a tendency to turn yellow on keeping, and an alcoholic 
solution of the solid gradually turned red in air and deposited on concentration under 
reduced pressure 1 : 1’-azonaphthalene, m. p. 186—187°, identified by mixed m. p. On 
treatment with acids, even sulphurous and carbonic acids, it gave dinaphthyline, m. p. 
281°, identical with that obtained by Cumming and Howie (loc. cit.). In one experiment 
when an attempt was made to isolate it from its alcoholic solution by addition of water, a 
compound, m. p. 275° showing no depression when mixed with dinaphthyline, was 
obtained. The compound, m. p. 153°, is therefore 1 : 1’-hydrazonaphthalene and undergoes 
conversion with very great readiness. At its m. p. it is converted into 1 : 1’-azonaphthalene 
and 1-naphthylamine. 

We decided, in the light of these facts, to repeat the work of Nietzki and Goll and of 
Cumming and Steel. We obtained the compound, m. p. about 274°, and were able to pro- 
cure, thanks to Mr. Steel, the actual specimen made by him in 1923, m. p. 274°. Both 
those compounds gave no depression when mixed with dinaphthyline, and showed no 
tendency to oxidise in alcoholic solution. We therefore conclude that the statement in 
both papers, that the compound oxidised to the azo-compound in alcoholic solution, referred 
to the alcoholic solution of the reduction product. Their azo-compound was undoubtedly 
formed by oxidation of the hydrazo-compound, but the compound actually isolated by them 
was dinaphthyline. " 

The constitutions of the compounds obtained in this work were established by com- 
parison with those obtained in Part I. 


EXPERIMENTAL. 


1 : 1’-Azonaphthalene.—1 : 1’-Azoxynaphthalene, prepared in 32% yield by the method of 
Cumming and Steel (/oc. cit.), could not be reduced to the azo-stage by neutral reduction using 
5% excess of Zn. The method of Nietzki and Goll (/oc. cit.) was modified as follows: 9 g. of 
4-amino-1 : 1’-azonaphthalene, prepared by coupling l-naphthylamine to diazotised 1-naphthy]l- 
amine, in 900 c.c. of abs. EtOH and 26 c.c. of conc. H,SO, were treated with excess of amyl 
nitrite and the whole was refluxed untilit was deep red. Addition of H,O pptd. a brownish mass, 
which, recryst. several times from AcOH (carbon), yielded orange-red needles, m. p. 188°; a 
further yield was obtained by addition of H,O to the filtrate (total, 3 g.). The method of 
Hantzsch and Schmiedel (Ber., 1897, 30, 82) vié 1-naphthalenesyndiazonium sulphonate yielded 
in our hands only 2-5 g. of azonaphthalene from 20 g. of l-naphthylamine, but is nevertheless 
the more convenient. Cumming and Steel record m. p. 186°, and Hantzsch and Schmiedel 
188—189°, for azonaphthalene. The variation may be explained by the fact that 1 : 1’-azo- 
naphthalene begins to sublime at about 170°. 

1 : 1’-Hydvazonaphthalene.—(1) 3 G. of s.-1 : 1’-azoxynaphthalene were reduced according to 
Cumming and Steel (loc. cit.) with Zn dust (4-5 g.) until the solution became colourless. The 
solid matter, obtained by concn. almost to dryness of the solution under reduced press., was 
quickly dried and extracted with light petroleum. The white crystals formed gave, after 5 
fractional recrystns. from the same solvent, 1 : 1’-hydvazonaphthalene, colourless plates, m. p. 
153°, turning bright red (Found: C, 84:3; H, 5-7; N, 9-9; M, 242. C,,H,,N, requires C, 
84-5; H, 5-6; N, 9-9%; M, 284). The filtrate from the reduction when cooled deposited white 
needles, 9Zn(OH),,4NH,C1,6H,O (see Cumming and Howie, J. Roy. Tech. Coll. Glasgow, 1929, 
49). 1: 1’-Hydrazonaphthalene is insol. in H,O, sparingly sol. in EtOH and in light petroleum, 
but readily in C,H,; a dil. HCl suspension, treated with a drop of bleaching powder solution, 
gave a bluish-violet colour, discharged by excess of bleaching powder solution. Naphthidine, 
m. p. 202°, also was obtained from the reduction product. 

(2) 4 G. of s.-1: 1’-azoxynaphthalene in 300 c.c. of EtOH containing 8 g. of NaOH were 
heated to boiling, and reduced as quickly as possible with a large excess of Zn until the solution 
was nearly colourless. Without filtration the most of the EtOH was removed under reduced 
press. During concn. the reduction was completed, the solution becoming colourless. The 
residue was removed, quickly dried, and extracted with C,H,. This solution on concn. gave 
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1: 1’-hydrazonaphthalene (1-3 g.), m. p. 153° after two recrystns. from C,H,. Prolonged 
heating at the b. p. must be avoided, otherwise dinaphthyline also is formed. 

(3) 1G. of as.-1 : 1’-azoxynaphthalene (see Cumming and Howie, J., 1931, 3184) in 100 c.c. 
of EtOH containing 3 g. of NaOH was reduced asin (2). 1: 1’-Hydrazonaphthalene, m. p. 153°, 
was obtained. 

(4) 1 G. of 1: 1’-azonaphthalene, suspended in 150 c.c. of EtOH containing 4-5 g. of NaOH, 
was reduced as in (2), and the reduction mixture quickly filtered into H,O containing NH,HS. 
The ppt. was removed, rapidly dried, and extracted with C,H,. Treatment of the C,H, 
solution as above gave 1 : 1’-hydrazonaphthalene, m. p. 153°. 

Naphthidine.—(5) 1 G. of as.-1: 1’-azoxynaphthalene was treated as in (1), and the dried 
residue extracted with C,H,. After concn. of the C,H, solution to about 20 c.c., naphthidine 
separated on cooling, colourless plates, m. p. 202° after several recrystns. from EtOH. By 
further concn. of the filtrate traces of 1 : 1’-hydrazonaphthalene and dinaphthyleneimine were 
obtained. 

(6) The method of Cumming and Steel (loc. cit.), reduction with SnCl,, produced from s.- 
and as.-azoxynaphthalene a poor yield of naphthidine, silvery plates, m. p. 202°. (The s.-form 
is more readily reduced in acid solution than the as.-form, whilst in alkaline solution the reverse 
holds.) 

(7) The method of Nietzki and Goll (loc. cit.), reduction with SnCl,, gave a nearly theoretical 
yield of naphthidine, m. p. 202°, from 1 : 1’-azonaphthalene. 

Dinaphthyline.—(8) 1 G. of 1: 1’-azonaphthalene, reduced as in (1) to the colourless stage, 
was filtered into H,O containing NH,HS to prevent oxidation. The yellowish ppt. was extracted 
with abs. EtOH and the crystals were recrystallised several times from the same solvent, a small 
yield of dinaphthyline, needles, m. p. 281°, being obtained. 

(9) 4 G. of s.-1 : 1’-azoxynaphthalene were reduced as in (2) in presence of 30 g. of NaOH and 
the reduction mixture was refluxed for $ hr. before concn. The dried residue, extracted and 
recryst. from C,H,, gave 0-9 g. of dinaphthyline, colourless plates, m. p. 281°; a mixed m. p. 
with that obtained by conversion of 1: 1’-hydrazonaphthalene in acid solution showed no 
depression. 

Dinaphthyleneimine.—(10) 2 G. of s.-1 : 1’-azoxynaphthalene in 300c.c. of EtOH at 40° were 
treated with HCl aq. and Zn dust until the solution was colourless. After rapid filtration, and 
concn. under reduced press. to small bulk, the residue was dried and extracted with light petro- 
leum. The product, recryst. from the same solvent, yielded dinaphthyleneimine, colourless 
leaflets, m. p. 221°. The same result was obtained when HCl was replaced by AcOH. In 
one reduction below 30°, dinaphthyleneimine was not obtained, but its parent base, dinaphthyl- 
ine, along with a little naphthidine. 
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42. The Stereochemistry of 2:2'-Disubstituted Diphenyls. Part III. 
The Optical Resolution of 0-(2-Dimethylaminophenyl) phenyltrimethyl- 
ammonium Iodide. 

By FLorENCE R. SHAw and E. E. TuRNER. 


THE molecular dissymmetry of phenyl benzidine-2 : 2’-disulphonate and of diphenyl- 
2 : 2’-disulphonic acid has been ascribed to the “‘ dynamic” effect of the -“SO,Ph and 
*SO,H groups, respectively (J., 1932, 2021, 2394). We have now prepared o-(2-dimethyl- 
aminophenyl)phenylirimethylammonium iodide (I; Fig. 1), a diphenyl derivative contain- 
ing in position 2 a group which should have a dynamic effect, and in position 2’ one 
which should readily pass the opposed nucleus. The nitrogen atom is the smallest atom 
capable of carrying three other atoms in tetrahedral disposition, and the methyl group is 
the smallest group which can be attached to it in these circumstances. Yet Fig. 1 shows 
that, if the radius of the nitrogen atom is 0-70 A., and that of a (methyl) carbon atom is 
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0-77 A., collision must occur between the right-hand nucleus and the methyl groups in 
the (rotating) NMe, system. Circles 1, 2, and 3 represent the maximum, mean, and 
minimum effects of the carbon atoms in these methyl groups. The hydrogen atoms in 
the latter are not shown, but a model indicates that they materially increase the effect 
produced by the carbon atoms carrying them. The two nuclear hydrogen atoms shown 
are given radii of 0-29 A., i.e., the smallest value which has been assigned to hydrogen 
(see below). In the upper half of the diagram the dimethylamino-group is shown in the 
position producing least volume effect. 

The collision area is considerably larger with ‘NMe,}X than with -SO,R, and therefore 
it seemed probable that, owing to the powerful dynamic effect of the one group, the 
quaternary iodide would exhibit molecular dissymmetry. 

The iodide was obtained by the direct union of methyl iodide and 2 : 2’-bisdimethyl- 
aminodiphenyl (a substance which exhibits marked triboluminescence), and was con- 

verted into the d-camphor-10- 

Fic. 1. sulphonate. When this was 

crystallised from a mixture of 

alcohol, benzene, and light 

petroleum, it underwent sharp 

resolution. Nearly half of the 

salt present was sparingly 

soluble, and the rest was very 

soluble. Recrystallisation of 

the sparingly soluble salt from 

alcohol-light petroleum gave 

d-o- (2-dimethylaminophenyl)- 

phenyltrimethylammonium d- 

camphor-10-sulphonate, having 

[x]#o. + 60-6° in alcohol. The 

l-quaternary 4d-camphorsul- 

phonate was obtained in an 

impure form, [«]?,, — 32-0°, 

from the mother - liquors. 

When treated with potassium 

iodide, it gave an impure 

l-quaternary iodide having 

[«]3%,, — 44-8°, whereas the 

pure d-quaternary d-camphor- 

sulphonate gave the d-quaternary iodide, with [«]3, + 50-5° in water. Similar resolution 

of the di-quaternary /-camphorsulphonate gave the less soluble /-quaternary 1-camphorsul- 

phonate with [«]3%>, — 60-6° in alcohol. This in turn gave the /-quaternary iodide, having 

[«]3%o, — 50-6° in water. The quaternary iodides show simple dispersion, the camphor- 

sulphonates anomalous, as would be expected : 
Calssen/Colsr: — Calisce/Colsin- — Colftee/Lelsrone 

Camphorsulphonates in EtOH 1155 1-850 2°137 
d-Camphorsulphonate in H,O 1-138 1-833 2°085 
Iodides in H,O 1-132 1°554 1-760 
il sintiapthieatielbadinaasebdaettilingeenbitesenionntn 1-124 1-570 1-765 

Cold aqueous solutions of the d- and the /-iodide retain their optical activity indefinitely. 
At 99-5°, racemisation is by no means rapid, the period of half-racemisation being 125 
minutes (annexed table and Fig. 2, curves A and B) : 
d-Iodide (curve A). l-Iodide (curve B). 

k. Time, min. ‘ k Mean k = 0°0024. 


Time, min. , 
192 p 0-0024, 


a. 
+0°49° — ion 
0-40 0-0023, 244 . 0-0025, Limits, 0-0023, 
0°32 0-0024, 340 0-0024, and 0-0024,. 
0°25 0-0023, Mean hk 0-0024 
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Since the iodides and the camphorsulphonates must be completely ionised in dilute 
aqueous solution, it was interesting to compare the rates of racemisation of the quaternary 
ions present in the two types of salt. The d-quaternary d-camphorsulphonate underwent 
half-racemisation (allowing for the constant rotation due to the camphorsulphonate ion) 
in 116 minutes, 7.e., in a slightly, but definitely, shorter time than the d-iodide. The 
results are given in curve C, which shows the observed angles, and in curve D, which 
shows the same angles less the constant contribution (0-34°) of the camphorsulphonate 
ion (temperature, 99-5°; concentration, about three times that of the iodides; aqueous 
solution). 

Mean k found, 0-0026. Limits, 0-0025 and 0-0027. 

It was important to determine the effect of introducing a second positive charge into 
the molecule of the d-iodide, and this was done as follows: An aqueous solution contain- 


Fic. 2. 
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ing 0-1036 g. of the d-iodide and 1 c.c. of N-hydrochloric acid in 20 c.c. gave «3%, + 0-17° 
(1 = 2), whence [a]? + 16-4°. The «3, for the d-iodide would have been + 0-52° in 
absence of acid. Addition of a drop of concentrated hydrochloric acid did not affect the 
observed angle, which reverted to 0-51° on neutralisation of the solution, showing that 
the effect in presence of the acid was due to conversion of ‘NMe, into ‘-NMe,H*, and not 
to racemisation. 

As a formal subsidiary investigation, the salts of 2 : 2’-bisdimethylaminodipheny] with 
d-camphorsulphonic and d-camphoric acid were studied. No evidence of resolution or 
activation was obtained. 

The results now recorded, of which a brief preliminary note was published in Nature 
(1932, 130, 315), suggest that a suitably 2 : 3’-disubstituted diphenyl should be capable of 
resolution. This and other matters are under investigation. 

In order to define our position, we wish to state what we have hitherto regarded as 
implied, namely, that, though deductions of the kind made in the present paper and in 
Parts I and II (locc. cit.) indicate that certain compounds should exhibit optical activity, 
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it must not be inferred, in the present state of knowledge, that other compounds in which 
(according to the superficial significance of the numerical data used) a smaller effect of 
the same type is shown are not capable of exhibiting enantiomorphism. In the first 
general survey of the possible causes of molecular dissymmetry in the diphenyl series, 
Turner and Le Févre (Chem. and Ind., 1926, 831) drew attention to the three properties 
of an atom or group which should be considered in any discussion of effects produced in 
the 2-, 2’-, 6-, and 6’-positions in diphenyl, viz., (a) volume, (b) electrical properties, and 
(c) mass. At that time, the electrical properties were regarded as important because it 
was then on record, for example, that 4:6: 4’ : 6’-tetranitrodiphenic acid was easily 
vacemised. Now that this acid is known to possess high optical stability, the justification 
for our “internuclear ”’ effect disappears, but this does not affect the importance of the 
three effects enumerated above. Effect (c) can never be fundamental, but should probably 
be taken into account, for example, when rotation of a 2-substituent group is involved 
(dynamic effect), for the masses of two colliding components of one and the same molecule 
must be instrumental to some degree in determining the result of the collision. The two 
other effects (a) and (b) cannot be sharply separated one from the other. The electrical 
(polar) effect of an atom A attached to one nucleus must vary according to the polar 
characteristics of atoms, not directly combined with A, but attached to the second 
nucleus in such positions that they approach near to A in space. The electrical properties 
will, in general, give atoms effective radii considerably greater than those deduced from, 
e.g., X-ray analysis ; in fact, the latter may be taken as minimum radii. In illustration of 
this point it may be noted that Kleiderer and Adams (J. Amer. Chem. Soc., 1931, 53, 
1575) resolved 2 : 2’-difluoro-6 : 6’-diamino-3 : 5 : 3’ : 5’-tetramethyldiphenyl, but calcul- 
ation shows that a nitrogen atom of radius 0-70 A. can pass another similar atom or a 
fluorine atom (0-64 A.). The effective radius of a nitrogen atom is therefore in this 
instance greater than 0-70 A., and/or that of a fluorine atom is greater than 0-64 A. Only 
experimental work can show how far this result is due to simple volume effects and how 
far to polar ones. At the moment, both effects must be regarded as included in any 
reference to the effective radius of any atoms concerned. Nevertheless, some basis for 
calculating collision effects is necessary. 

The results obtained in this series show that, although we actually have to deal with 
molecules in solution, it is justifiable, in planning further experimental work, to make use 
of molecular dimensions deduced from measurements of solids. Apart from this, X-ray 
analysis of crystalline hexamethylbenzene (Lonsdale, Proc. Roy. Soc., 1929, 123, 494) 
gives data not seriously different from those obtained by the electron-diffraction method 
using benzene and cyclohexane as vapours (Wierl, Ann. Physik, 1931, 8, 541) (radii 
in A.): 

Aromatic C. Aliphatic C. 
X-Ray analysis , 1°54 
Electron-diffraction ' 1°51 


Real difficulty, however, attaches to any consideration of the hydrogen atom, since 
the above two methods afford no guide, and the effective volume (7.e., volume + polar 
effect) must be abnormal owing to the unscreened positive nucleus. The difference of 
opinion about the “ radius”’ of a combined hydrogen atom is shown by the fact that 
Meisenheimer and Ho6ring (Ber., 1927, 60, 1425) disregarded the volume effect of the 
hydrogen atoms in 2: 2’-diamino-6 : 6’-dimethyldiphenyl on the assumption that they 
were embedded in the valency electron spheres of the carbon and nitrogen atoms carrying 
them, and Vegard and Sollesnes (Phil. Mag., 1927, 4, 985), from measurements on tetra- 
methylammonium iodide by the Debye-Scherrer method, concluded that the hydrogen 
atoms had radii of 0-85 A. By examining a number of limiting cases we hope to provide 
some answer to this problem. At the moment, it may be concluded that the effective 
radius of a hydrogen atom attached to an aromatic nucleus is less than 0-7—0-8 A., for 
calculation shows that, if it were as large as this, diphenic acid itself should exhibit 


optical activity. 
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EXPERIMENTAL. 


2 : 2’-Dinitrodiphenyl.—The following method gives uniformly good results, provided that 
suitable “‘ copper-bronze’”’ is used. 120 G. of o-chloronitrobenzene were briskly boiled in a 
wide hard-glass tube (bath initially at 260—265°) while copper-bronze (80 g.) was stirred in 
during 20 min. After another 10 min., o-dichlorobenzene (equal in vol. to the reaction 
mixture) was added, the whole well stirred, the liquid filtered hot, the solid residue washed 
with C,H,Cl,, and the total filtrate treated with light petroleum (b. p. 40—80°) until it was 
faintly cloudy. Filtration of the resulting cold suspension gave 48—50 g. (occasionally as 
much as 57 g.) of almost pure, though dark-coloured, 2: 2’-dinitrodiphenyl. Low yields are 
obtained if the condensation is not carried out vigorously, or if heating is prolonged after the 
main reaction has subsided. ; 

2 : 2’-Diaminodiphenyl.—The dinitrodiphenyl was readily reduced by Fe filings, H,O, and 
a little HCl aq. or AcOH (cf. Le Févre, J., 1929, 733). The base was isolated by pouring the 
hot Fe paste into cold acetone, distilling the ketone from the filtered liquid, and extracting 
the residue with dil. HCl; yield, 65% after pptn. by NH, aq. and one crystn. from EtOH. 

2 : 2’-Bisdimethylaminodiphenyl.—This base was examined crystallographically by Mieleitner 
(Z. Kryst. Min., 1915, 55, 51), but its prepn. has not hitherto been described. A mixture of 
diaminodiphenyl (30 g.) and H,O (30 c.c.) was shaken for 10 min. with three lots (32, 32, and 
42 c.c.) of Me,SO,, being made alkaline with 10% NaOH aq. between the additions. The final 
mixture, containing the tetramethyl base as a solid cake, was heated at 100° for 15 min., 
cooled, made alkaline, and filtered. The base, cryst. from EtOH containing a little NH, aq., 
was almost pure (28—30 g.) : its solution (1 mol.) in dil. HCl was poured into KI (1-2 mols.) 
in much boiling H,O; on cooling, 2 : 2’-bisdimethylaminodiphenyl hydriodide, m. p. 256—257°, 
separated in colourless prisms, almost insol. in cold H,O (Found: I, 34-3. C,,H,,N,I requires 
I, 345%). The base, liberated from a solution of this salt in much boiling H,O by excess of 
NH, aq. and cryst. from abs. EtOH and then from light petroleum (b. p. 40—60°), formed 
plates, m. p. 72—73° (corr.) (Found: C, 80-0; H, 8-5; N, 11-7. Calc.: C, 79-9; H, 8-4; 
N, 11-7%). Blue-violet flashes are emitted when a hard lump is splintered with a knife or 
shaken in a tube, or when the solid is rubbed with a glass rod. The effect is, if anything, 
more pronounced at liquid-air temperature. 

The chloroplatinate formed minute golden rhombic prisms (Found in salt dried in vac. over 
SiO, gel: Pt, 28-3. C,gHg)N2,H,PtCl,,2H,O requires Pt, 28-4%). 

dl-o-(2-Dimethylaminophenyl)phenylirimethylammonium Iodide.—The tetramethyl base was 
heated with Mel (2 parts) in a sealed tube at 100° for 2 hr., the product freed from MelI by 
evapn. and dissolved in boiling H,O, any acidity removed by NH, aq., and the liquid rapidly 
filtered at about 50° or extracted with warm toluene. The cold aq. solution deposited the 
quaternary iodide as long stout prisms; slow spontaneous evapn. produced well-defined rhombic 
crystals. After crystn. from H,O, the iodide had m. p. 190—192° (corr.), with brisk evolution 
of MeI (Found: C, 53-6; H, 6-05; I, 33-2. C,,H,,N,I requires C, 53-4; H, 6-1; I, 33-2%). 
The m. p. of this methiodide and those of the active iodides depend on the rate of heating. 
The figures recorded were obtained with a bath initially at 180°. 

Resolution Experiments.—(a) d-Camphorsulphonates.—dl-Dimethylaminophenylphenyltri- 
methylammonium iodide (15-28 g.) and the equiv. silver d-camphor-10-sulphonate were boiled 
under reflux in 200 c.c. abs. EtOH and 50 c.c. H,O for 30 min. The filtered solution was 
evaporated, the residue freed from H,O by repeated evapn. with small quantities of CSH,-EtOH 
and dissolved in a boiling mixture of 250 c.c. CgH, and 12 c.c. abs. EtOH, and the filtered 
solution treated with 100 c.c. light petroleum (b. p. 60—80°). MHair-like needles began to 
separate after a few min., and after 30 min. in the ice-chest separation had ceased. Filtration 
gave 7-05 g. of almost pure d-quaternary d-camphorsulphonate (A), having [«]?%), + 59-4° in 
99-4% EtOH (a2, + 1-88°; c, 1-5820; J, 2). Addition of 100 c.c. light petroleum to the 
mother-liquor caused separation, within 30 min., of a further 2-15 g. of similar material (B), 
having [a], + 59-9°. The combined wt. of A and B, 9-2 g., is 95% of the possible dd-salt, 
assuming no complications. Salt A was dissolved in 35 c.c. hot abs. EtOH, the solution filtered, 
and then treated with 140 c.c. light petroleum (b. p. 60—80°) and 70 c.c. light petroleum (b. p. 
40—60°). The camphorsulphonate (4-0 g.) separated in needles, m. p. 189—190° (corr.), 
having [a], + 60-6°, [a]2%, + 70-0°, and [a]i, + 129-7° (« + 2-05°, + 2-37°, and + 4-39°; 
c, 16925; J, 2). It was crystallised from EtOH-light petroleum, and the 3-5 g. of optically 
pure d-o-(2-dimethylaminophenyl)phenylirimethylammonium d-camphor-10-sulphonate obtained 
had m. p. 189—190° (corr.), [a]? + 60-6°, [c]23, + 70-0°, and [a], + 129-3° (@ + 1-87°, 
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+ 2-155°, and + 3-98°; c, 1-5395; /, 2). Further crystn. had no effect on m. p. or sp. rotation 
(Found: C, 66-6; H, 7-7. C,,H3,0,N,S requires C, 66-6; H, 7-9%). In aq. solution the 
pure dd-salt had [a], + 52-3°, [a]2%, + 59-5°, and [a]%, + 109-1° (a + 1:52°, + 1-73°, 
and + 3:17°; c, 1-4535; J, 2). 

The mother-liquor of salt B was evaporated to dryness, and a solution of the residue in a little 
H,O filtered and then added to a conc. aq. solution of 20 g. of KI. The white cryst. quaternary 
iodide pptd. was dried at 100° (4-5 g., equiv. to 5-7 g. of quaternary camphorsulphonate) and had 
[x], — 18-9° in H,O. It was treated with silver /-camphor-10-sulphonate in boiling aq. 
EtOH as above, and the crude quaternary /-camphorsulphonate was crystallised from abs. 
EtOH-light petroleum (b. p. 40—80°). The salt obtained (1-5 g.) had [«]?%, — 56-7°. 
Recrystn. from the same solvent gave 1-05 g. with [a], — 59-4°. Treatment of an aq. 
solution of this salt with aq. KI gave an almost pure /-iodide having [a], — 49-4° in H,O. 

In another resolution expt., a mother-liquor, corresponding to that from which B separated, 
was dried over anhyd. Na,SQO,, and then treated with light petroleum (b. p. 40—80°) until it 
became cloudy. After some hr., woolly masses of needles separated, having [«]?%, — 32-0° 
in EtOH. This impure /d-salt, when treated with KI, gave a quaternary iodide which, after 
being rapidly cryst. from H,O, had [«]}%, — 44-8°. 

(b) 1-Camphorsulphonates.—The dl-iodide (11-46 g.) and the equiv. silver /-camphor-10- 
sulphonate were caused to react as in (a). The mixed camphorsulphonates were crystallised 
by means of 185 c.c. CgHg, 9 c.c. abs. EtOH, and 150 c.c. light petroleum (b. p. 60—80°). The 
crude //-salt separatefl in 30 min. (6-05 g.), and had [a]?%, — 54-1°. Crystn. from abs. EtOH- 
light petroleum gave 4:5 g., m. p. 189—190° (corr.), [«]?%, — 60-2° (a — 1-815°; c, 1-5705; 
1, 2). Recrystn. of this salt had no effect on the m. p. and gave 3-0 g. of pure 1-o-(2-dimethyl- 
aminophenyl)phenylirimethylammonium 1-camphor-10-sulphonate, with [a]%3, — 60-6°, [a], 
— 69-9° and [a]%%, — 129-9° (a — 1-83°, — 2-11°, and — 3-92°; c, 1-5080; /, 2) (Found: C, 
66-7; H, 7-6%). In another expt., the crude //-salt first obtained was crystallised twice from 
abs. EtOH-light petroleum, and then had [a]?%, — 60-5°, [«]?%, — 70-3°, and [«]?, — 129-3°. 

A solution (EtOH) containing 0-1458 g. of each of the salts, dd- and J/-, in 20 c.c. had «2%, 
0-00°. 

d-o-(2-Dimethylaminophenyl)phenylirimethylammonium iodide was obtained by mixing warm 
conc. aq. solutions of the pure dd-camphorsulphonate and KI. The salt separated suddenly 
in spherical aggregates of needles. After being dried in vac. over conc. H,SO,, it melted at 
190—192° (corr.) with evolution of Mel, and had [a], + 50-5°, [aJ¥3, + 57-0°, and [a], 
+ 88-9°, in H,O (« + 0-97°, + 1-095°, and + 1-71°; c, 0-4804; J, 4) (Found: C, 53-2; H, 
6-0; I, 33-2%). 

1-o0-(2-Dimethylaminophenyl) phenylirimethylammonium iodide, obtained similarly, had m. p. 
190—192° (corr.) (evolution of Mel), and [a]?), — 50-6°, [«]?%, — 57:4°, and [a], — 88-9° 
(a — 0-96°, — 1-09°, and — 1-69°; c, 0-4744; J, 4) (Found: C, 53-3; H, 6-1; I, 33-1%). 

Racemisation Velocittes——These were determined by heating the solutions in sealed glass 
tubes at 99-5°, and observing the rotation at intervals after sudden chilling to 20°. 
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43. The Depside Esters of Dihydric Phenols and Some Polydepsides. 


By Tuomas CuRRIE and ALFRED RUSSELL. 


THESE compounds have been prepared, by methods employed in the synthesis of depsides 
(J., 1932, 2263), for comparison with certain fully methylated phlobotannins. 

For the preparation of the didepside esters, the depside acid chloride was shaken for 
3—16 hours with the requisite amount of the sodium phenoxide in acetone solution. As 
both didepside and phenol are soluble in alkali, that part of the reaction mixture insoluble 
in alkali, when all acid chloride had disappeared, was the ester required. Tridepsides 
are not, however, easily soluble in alkali, and the tridepside ester was isolated by washing 
the reaction product free from tridepside with boiling acetone. 

The method for polydepsides was similar: the tridepsides resulted by coupling di- 
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depside chloride with the sodium salt of the hydroxy-aldehyde and oxidising the resulting 
aldehyde; for tetradepside the procedure was the same. 

An improved method of oxidising aldehyde to didepside is given. This, with modific- 
ations, is applied to the oxidation of tri- and tetra-depside aldehydes to the corresponding 
tri- and tetra-depsides. The aldehyde of a decadepside, obtained by coupling 2:3: 4- 
trihydroxybenzaldehyde with three molecules of 3:3’: 3’ : 4’’-tetramethoxy-p-tri- 
benzoyl chloride, is described. In all cases where atmospheric oxidation of the phenol 
in alkaline solution occurred, the experiments were done in an atmosphere of nitrogen. 

All the depside esters and the polydepsides are crystalline; with increase in molecular 
weight there is an increase in m. p. and greater difficulty of crystallisation, but no loss 
of crystalline properties. Acid hydrolysis produces the parent substances without other 
decomposition. 

The nomenclature previously used (loc. cit.) is extended, ppp-tetraprotocatechuic acid 
pentamethyl ether, e.g., being named 3: 3’ : 3’’: 3’ : 4’’’-pentamethoxy-ppf-tetrabenzoic 


acid. 
MeO MeO MeO MeO 


mee coo Yco0<XK coo CO,H 


3: 3’: 4’-Trimethoxy-p-dibenzoic Acid (Improved method).—A suspension of 3: 3’: 4’- 
trimethoxy-p-dibenzaldehyde (8 g.) in a solution of KMnO, (6 g.) in H,O (600 c.c.) was warmed 
at 70—80° till decomp. was complete. The depside separated when the cooled filtrate from 
the MnO, was acidified. Yield, 85%. 4’-Methoxy-p-dibenzoic acid was similarly prepared. 

Quinol Bis-(3 : 3’ : 4’-trimethoxy-p-dibenzoyl) Ether.—Solutions of 0-5 g. (1 mol.) of quinol in 
acetone (20 c.c.) and N-NaOH (2 mols.) and of 3°5g. (> 2 mols.) of 3:3’: 4’-trimethoxy-p-dibenzoyl 
chloride in acetone (60 c.c.) were mixed and shaken for 6 hr. The product pptd. by H,O and 
insol. in alkali was recrystallised from CHCl,; m. p. 229° (yield, 2 g.) (Found: C, 64:5; H,. 
46. CoH 401, requires C, 65-0; H, 4-6%). 

Quinol bis-(3’ : 4’-dimethoxy-p-dibenzoyl) ether, m. p. 232° (Found : C, 66-7; H, 4:3. C3gH 3 Oj 
requires C, 67-3; H, 44%), also was recrystallised from CHCl,. Catechol bis-(3’ : 4’-dimethoxy- 
p-dibenzoyl) ether, m. p. 175° (Found: C, 66-5; H, 4:3%), resorcinol bis-(3’ : 4’-dimethoxy-p- 
dibenzoyl) ether, m. p. 194° (Found: C, 66-8; H, 435%), resorcinol bis-(4’-methoxy-p-dibenzoyl) 
ether, m. p. 154° (Found: C, 69-3; H, 4-4. C3gH2gQ. requires C, 70-0; H, 4-2%), and qguinol 
bis-(4’-methoxy-p-dibenzoyl) ether, m. p. 230° (Found: C, 71-0; H, 4:25%), were recrystallised 
from CHCl,—EtOH. 

3: 3’: 3” : 4”-Tetramethoxy-pp-tribenzaldehyde was similarly obtained from solutions of 
3 g. (8 mols.) of vanillin in acetone (30 c.c.) and N-NaOH (20 c.c.; 1 mol.) and of 7-0 g. (1 mol.) 
of 3: 3’: 4’-trimethoxy-p-dibenzoyl chloride after 4 hrs.’ shaking; recryst. from aq. acetone, 
it had m. p. 159° (yield, 8-3 g.) (Found: C, 61-7; H, 5-0. C,;H,.0,,H,O requires C, 62-0; 
H, 5-0%). 

3: 3’: 3” : 4’-Tetramethoxy-pp-tribenzoic Acid.—3: 3’ : 3’ : 4’-Tetramethoxy-pp-tribenz- 
aldehyde (7 g.) was oxidised with 5 g. of KMnO, in 400 c.c. of warm H,O (24 hr.) and the cooled 
mixture decomposed with SO,. The gelatinous depside was crystallised from aq. acetone; 
m. p. 251—252° (yield, 4 g.) (Found: C, 61-5; H, 4:7. C,;H O49 requires C, 62-2; H, 4-6%). 

3: 3’: 3” : 4”-Tetramethoxy-pp-tribenzoyl Chloride.—3 : 3’ : 3’ : 4’’-Tetramethoxy-pp-triben- 
zoic acid (3 g., dried at 100° for 24 hr.) was refluxed with SOCI, (10 c.c.) (3 hr.), the excess of 
this removed under reduced press., and the residue recrystallised from dry acetone; yellowish 
needles, m. p. 171° (evolution of gas) (yield, theoretical) (Found: Cl, 7-2. C,,;H,,O,Cl requires 
Cl, 7°1%). 

3:3’: 3”: 3’ : 4’”’-Pentamethoxy-ppp-tetrabenzaldehyde.—Solutions of 0-38 g. (1 mol.) of 
vanillin in acetone (30c.c.) and N-NaOH (2-5c.c.; 1 mol.) and of 1-16 g. (1 mol.) of 3: 3’: 3”: 4”- 
tetramethoxy-pp-tribenzoyl chloride in acetone (150 c.c.) were shaken together for 20 hr. 
The solid product was washed with boiling acetone, dried at 100°, and recrystallised from 
AcOH; m. p. 249° (Found: C, 63-5; H, 4:7. C,,H,,0,, requires C, 64-3; H, 455%). 

3: 3’: 3 : 3’ : 4’”-Pentamethoxy-ppp-tetrabenzoic Acid.—3 : 3’ : 3’: 3’ : 4’’’-Pentamethoxy- 
ppp-tetrabenzaldehyde (0-5 g.) was warmed with KMnQ, (0-8 g. in 100 c.c. H,O) for 36 hr., 
and the depside isolated by decomp. with SO, and recrystallised from C,H,Cl,EtOH; m. p. 
327° (Found: C, 61-3; H, 4:5. C,,;H,,0,, requires C, 62-7; H, 4:4%). 

3: 4’’-Dimethoxy-pp-iribenzaldehyde was prepared from 4’-methoxy-p-dibenzoyl chloride 






142 Chattaway and Irving: 2:4: 6-Trichloroaniline. 


and the sodium salt of vanillin (as for 3: 3’: 3” : 4’’-tetramethoxy-pp-tribenzaldehyde) and 
recrystallised from aq. acetone; m. p. 152° (Found: C, 67-7; H, 4-6. C,,;H,,O0, requires 
C, 68-0; H, 44%). Oxidation of the aldehyde (as for 3: 3’: 3” : 4’-tetramethoxy-pp-tri- 
benzoic acid) gave 3: 4’’-dimethoxy-pp-iribenzoic acid, which was recrystallised from acetone; 
m. p. 233° (Found: C, 64-6; H, 4:4. (C,;H,,0, requires C, 65-4; H, 43%). The chloride 
(prepared as for 3: 3’: 3” : 4’’-tetramethoxy-pp-tribenzoyl chloride), cryst. from acetone, had 
m. p. 155° (Found: Cl, 8-25. C,,H,,0,Cl requires Cl, 8-05%). 

Quinol Bis-(3 : 4’’-dimethoxy-pp-tribenzoyl) Ether.—A solution of 0-5 g. (1 mol.) of quinol in 
acetone (20 c.c.) and N-NaOH (10 c.c.; 2 mols.) and a suspension of 3-4 g. (2 mols.) of 3: 4’’- 
dimethoxy-pp-tribenzoyl chloride in acetone (100 c.c.) were shaken together for 24 hr. The 
mixture was diluted to 500 c.c. with H,O, and the ppt. collected, washed with boiling acetone, 
and recrystallised from C,H,Cl,-EtOH; m. p. 278—279° (Found : C, 66-7; H, 4:3. CssH 3,Oj. 
requires C, 68-0; H, 4:1%). 

Tris-(3 : 3’ : 3” : 4’’-tetramethoxy-pp-iribenzoyl)-2 : 3 : 4-trihydroxybenzaldehyde.—To 0-25 g. 
(1 mol.) of 2 : 3 : 4-trihydroxybenzaldehyde, dissolved in acetone (20 c.c.) and N-NaOH (5 c.c.; 
3 mols.), were added 2-3 g. (3 mols.) of 3: 3’: 3” : 4’-tetramethoxy-pp-tribenzoyl chloride 
in acetone (200 c.c.). The finely cryst. solid that separated after 36 hrs.’ shaking was recrystal- 
lised from EtOH; small leaflets (0-22 g.), m. p. 263° (evolution of gas) (Found: C, 60-5; H, 
4:3. Cg sH,,O05, requires C, 63-5; H, 43%). 


One of us (A.R.) is grateful to the Carnegie Trust for a Teaching Fellowship. 
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44. 2:4:6-Trichloroaniline. 
By F. D. Cuatraway and Harry IRVING. 


THE preparation of 2 : 4: 6-trichloroaniline in any quantity is difficult and no really satis- 
factory procedure has been described. The difficulty is due to the circumstance that, in 
the presence of even a small quantity of water, the amino-group is displaced by hydroxy] ; 
if the chlorination be prolonged, octachlorohexenone is finally obtained. 

When moisture is carefully excluded, the chlorination of a suspension of 2 : 4-dichloro- 
aniline hydrochloride in dry chloroform gives a practically quantitative yield of 2 : 4 : 6-tri- 
chloroaniline; 80°% of the theoretical amount may similarly be obtained by starting with 
aniline hydrochloride. 

2:4:6-Trichloroaniline forms a well-crystallised crimson ficrate and a colourless 
phthalanil and N-dichloroacetyl derivative. 2: 4: 6-Trichloroacetanilide, m. p. 207—208°, 
yields 2 : 4 : 6-trichlorodiacetanilide, m. p. 80-5—81-5°, when heated with an excess of acetic 
anhydride. 

The substance obtained by Fels (Z. Kryst., 1903, 37, 465) and considered by him to be 
a molecular compound, *C,H,Cl,-NH,,yCH,°COCI (although no analysis is given), appears 
to have been 2 : 4 : 6-trichlorodiacetanilide, since its m. p., given as 80—81°, and its crystal- 
lographic constants agree closely with those of this compound. In repeating Fels’s work, 
under a wide range of experimental conditions we have always obtained only 2:4: 6- 
trichloroacetanilide. 

Similarly, the “‘ molecular compound ”’ of acetyl chloride and 2 : 4 : 6-tribromoaniline, 
m. p. 128-5—129-5°, described by Fels (loc. cit.) appears to be in reality 2 : 4 : 6-tribromo- 
diacetanilide; the variations in crystal habit reported by Fels have not been observed. 


Preparation of 2: 4: 6-Trichloroaniline.—A solution of 50 g. of aniline in 750 c.c. of CHCl, 
(free from EtOH and dried over CaCl,) was saturated with dry HCl, moisture being carefully 
excluded. Through the suspension of aniline hydrochloride formed, a stream of Cl was passed, 
the temp. being maintained between 0° and 10°. When Cl was no longer absorbed, the excess of 
halogen was removed by aspirating dry air through the mixture, the colourless suspension of 
2: 4: 6-trichloroaniline hydrochloride freed from CHCl, with the aid of a pump, and the base 
itself obtained by crystn. from EtOH. The 2: 4: 6-trichloroaniline may if necessary be further 
purified by converting it into its monoacetyl derivative and hydrolysing this by suspending it in 
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H,O (6 parts by wt.) and adding conc. H,SO, (18 parts) rapidly with very vigorous stirring. 
The temp. rises to 130—140° and the solution becomes clear. When the cold liquid is poured 
over twice its wt. of ice, pure trichloroaniline separates as a colourless flocculent solid. 

2:4: 6-Trichlorophthalanil, obtained from trichloroaniline (1 mol.) and phthalic anhydride 
(1 mol.) at 150° (30 min.), separated from boiling EtOH (moderately sol.) in colourless pearly 
leaflets, m. p. 175—176° (Found: Cl, 32-8. C,,H,O,NCI, requires Cl, 32-6%). 

2:4: 6-Trichloroanilinium picrate, obtained from trichloroaniline and picric acid (eq. mol.) 
in warm EtOH, crystallised from boiling EtOH (very readily sol.) in fine, deep crimson prisms, 
m. p. 81-5—82-5°, which develop a green shade on keeping (Found: Cl, 25-15. C,,H,O,N,Cl, 
requires Cl, 25-0%). 

2:4: 6-Trichlorodichloroacetanilide, C,H,Cl,-NH-CO-CHCI,, obtained by refluxing the tri- 
chloroaniline with a slight excess of dichloroacetyl chloride at 170° for 15 min., crystallised from 
boiling EtOH (moderately sol.) in very slender, colourless prisms, m. p. 184—184-5° (Found : 
Cl, 57-35. C,H,ONCI1, requires Cl, 57-7%). 

2:4: 6-Trichlorodiacetanilide, C,H,Cl,-NAc,, prepared by refluxing the trichloroaniline 
(4 g.), Ac,O (5 c.c.), and conc. H,SO, (3 drops) for 4 hr. and pouring the mixture into H,O, 
crystallised from EtOH or acetone, in which it is very sol., in small compact prisms, m. p. 81—82° 
(Found : Cl, 38-0. C,).H,O,NCI, requires Cl, 38-0%). 

Measurements of selected crystals (from acetone at room temp.) showed that the forms 
a (100), b (010), 2 (110), m (110), » (120), v (101), and g (011) were represented. The identity of 
this 2 : 4 : 6-trichlorodiacetanilide with Fels’s alleged molecular compound is shown by comparing 
the corresponding interfacial angles : 



























Fels’s Fels’s Fels’s 
Angle. cmpd. C,H,Cl,-NAc,. Angle. cmpd. C,H,Cl,-NAc,. Angle. cmpd. C,H,Cl,*NAcy. 
bl 42° 5)’ 42° Ty" qr 34° 10’ 34° 10’ qa 80° 50’ 80° 53’ 
la 29° 424’ 30° 0 va 54° 59’ 54° 41’ qb 59° 27’ 59° 43’ 
am 42° 14’ 42° 4’ ym 67° 18’ 67° 36}’ qt 67° 41)’ 68° 16’ 
mn 26° 324’ 26° 27’ mn = = 81° 20’ 
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45. The Stereoisomeric 2:3:5:6-Tetramethylpiperazines. Part IV. 
By F. Barry KIpPING. 


In order to determine the configuration of y-2 : 3: 5: 6-tetramethylpiperazine, attempts 
have been made to resolve various derivatives of it into optical antimerides; 1-p-toluene- 
sulphonyl-y-2 : 3: 5: 6-tetramethylpiperazine (J., 1929, 2896), y-2:3:4:5:6-penta- 
methylpiperazine, its 1-nitroso- and 1--toluenesulphony] derivatives (J., 1932, 1339) have 
been examined. In all, fourteen salts or derivatives of an unsymmetrical y-base, 
RN<(CHMe),>NR’, with optically active substances have been studied without revealing 
any sign of resolution. In view of the comparative ease with which the isomeric d/-B-base 
was resolved (J., 1931, 1160) it would appear likely, therefore, that the configuration of 
y-2: 3:5: 6-tetramethylpiperazine is such that derivatives of it, of the type mentioned 
above, are meso-compounds : thus the y-base is probably represented by formula I or IV 
(loc. cit. and J., 1932, 1336), and it would appear that there is no suitable chemical method 
of distinguishing between these two configurations. 

a-2 : 3: 5: 6-Tetramethylpiperazine has also resisted resolution in five cases, but as no 
unsymmetrical derivatives of this base could be obtained (J., 1932, 1342), and the corre- 
sponding pentamethy] base is unknown, work could not be continued in this series. 

















Salis of p-Toluenesulphonyl-y-2 : 3 : 5 : 6-tetramethylpiperazine —The d-camphor-10-sulphon- 
ate was crystallised from EtOH (prisms) and H,O (long needles). The m. p. was unaccountably 
variable, 248—251°, 258—260° (Found: N, 5:5. C,;HO,N,S,C,9H,,0,S requires N, 5-3%). 
[]s4 + 14-9° in H,O (c = 0-6).* 

The d-«-bromocamphor-x-sulphonate was fractionated from EtOH and crystallised in needles, 
m. p. 256—257° (Found : N, 4-6. C,;H,,O,N,S,C,)9H,,O,BrS requires N, 4-6%). [0] 461 +62°5° 
in EtOH (c = 1-15). 










* All rotations were taken at room temp. 
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Salts of y-2:3:4:5: 6-Pentamethylpiperazine—The mono-d-camphor-10-sulphonate and 
the mono- and di-d-«-bromocamphor-z-sulphonates could not be obtained cryst. 

The di-d-camphor-10-sulphonate was fractionated from abs. EtOH : it had m. p. 261° (Found : 
C, 55-9; H, 8-6. CyHggNo,2Ci9H 0,8 requires C, 56-1; H, 8-4%). [a]sae1 + 20°0° in H,O 
(¢ = 1-1). 

The d-tartrate, from equimol. quantities of acid and base, was fractionated from MeOH. 
It had m. p. 164—165°. [a]529 + 18°5°, [«] 546: + 20°3° in H,O (c = 1-9). Salts suitable for 
fractionation could not be obtained with base (2 mols.) : acid (1 mol.) or base (1 mol.) : acid 
(2 mols.). 

y-2: 3:4: 5: 6-Pentamethylpiperazine-d-methylenecamphor.—The base (1 mol.) and d-hydr- 
oxymethylenecamphor (1 mol.) were boiled together in EtOH during 1 hr. : the mixture, poured 
into H,O, gave an oil, a specimen of which, solidified with light petroleum, seeded the whole. 
It was recrystallised repeatedly from light petroleum (b. p. 60—80°), from which it separated in 
small prisms, m. p. 123° (Found: C, 75-6; H, 10-7. Cy9H,,ON, requires C, 75-5; H, 10-7%). 
[%] 5780 + 438°, [a] 546, + 509° in EtOH (c = 0-47). Several crystns. from acetone did not change 
these values. The base recovered by the bromine method, was obtained as a dihydrobromide 
(Found: Br, 50-1. C,yH, )N,,2HBr requires Br, 50-3%,), which crystallised from EtOH in stout 
needles, m. p. 268—270°. It was optically inactive, as also was the hydrochloride obtained by 
treatment with HCl aq. and removal of the hydroxymethylenecamphor in steam. 

Salis of the methylenecamphor derivative. The d-camphor-10-sulphonate was fractionated 
from EtOH-acetone. It had m. p. 263—264°. []}5799 + 226°, [a] 546, + 266° in H,O (c = 0-5). 
The recovered camphor derivative had the same m. p. and rotatory power as before. 

The d-«-bromocamphor-z-sulphonate, crystallised from acetone, had m. p. 257°. [a]s57e9 
+ 239°, [a] 546, + 278° in H,O (c = 0-5). 

Salis of 1-Nitroso-y-2:3:4:5: 6-peniamethylpiperazine—The d-camphor-10-sulphonate 
was fractionated from acetone containing a little H,O. It had m. p. 213—215° (decomp.). 
[*] 5789 + 12-3°, [a] 546, + 15-2°in H,O (c = 3-5). The recovered nitroso-derivative was inactive. 

The d-a-bromocamphor-r-sulphonate crystallised from EtOH in needles, m. p. 207° (Found : 
N, 8-5. CgH,gON ,C,,.H,,0,BrS requires N,8-5%). [a] 5299 + 58°2°, [a] 546; + 68°5° in H,O (c = 2-2). 

Salis of p-Toluenesulphonyl-y-2 : 3:4: 5: 6-pentamethylpiperazine——The d-camphor-10- 
sulphonate crystallised from H,O in prisms, m. p. 208—211°. [a]579 + 244°, [a] 54g, + 28°4° in 
CHCl, (c = 4-25). 

The d-«-bromocamphor-rz-sulphonate crystallised from warm H,O (hot sat. solutions de- 
posited an oil) in long needles, m. p. 204—205°. [a]54g, + 63-6° in EtOH (c = 1-4). 

The d-«-chlorocamphor-z-sulphonate crystallised from hot H,O in needles, m. p. 215—216°. 
[*] sae. + 49°5° in EtOH (c = 1-3). 

The d-tartrate crystallised from acetone, containing about 20% of H,O, in needles, m. p. 
174—175°. [a]579 + 9°4°, [a] 546, + 9°7° in H,O. 

Salts of a-2:3: 5: 6-Tetramethylpiperazine——The mono-d-camphor-10-sulphonate was frac- 
tionated from CHCl,-C,H, (eq. vols.). It crystallised in needles, m. p. 113—114° (Found: 
S, 8-8. CsH,.N_,C,9H,,0,S requires S, 8-6%). [a] 54g: + 17-4° in H,O, + 35-8° in CHCI, (c = 1-2). 

The di-d-camphor-10-sulphonate was fractionated from H,O. It had no m. p. below 320° 
(Found : C, 55-5; H, 8-3; S, 10-9. C,H,,N,,2C,9H,,0,S requires C, 55-5; H, 8-3; S, 10-6%). 
[&] 5280 + 19-5°, [«] 546, + 23-8° in H,O (c = 1-5). 

The mono-d-a-bromocamphor-r-sulphonate crystallised from H,O in needles, m. p. 230—231° 
(Found: Br, 17-8. C,H,,N,,C,9H,,O,BrS requires Br, 17-7%). [a]57¢9 + 62°3°, [a] 5461 +73°0° 
in H,O (¢c = 1-1). 

The di-d-a-bromocamphor-x-sulphonate crystallised from H,O in needles. No m. p. below 
320° (Found: Br, 21-0. C,H,,N,,2C,9H,;0,BrS requires Br, 20-9%). [a]57e9 + 76°5°, [o] 5461 
+ 89-7° in H,O (c = 2-2). 

a-2: 3:5: 6-Tetramethylpiperazinedi-d-methylenecamphor was prepared by boiling an alc. 
solution of the base (1 mol.) and d-hydroxymethylenecamphor (2 mols.). After 2 hr. the 
separated crystals were removed by filtration, and the mother-liquor boiled during a further 
6—7 hr.; on being cooled, the solution deposited a further crop of crystals. The product was 
fractionated both from diacetone alcohol (plates) and from xylene (needles). It had m. p. 320° 

Found : C, 76-95; H, 9-75. Csg9H4gO,N, requires C, 77-2; H, 9-9%). [a] 529 + 691°, [a] 5a61 
-+- 822° in CHCl, (¢ = 0-8). The hydrobromide of the base, recovered by the bromine method, 
was optically inactive. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, October 11th, 1932.] 



















Bawn: The Oxidation of Carbonyl Sulphide. 


46. The Oxidation of Carbonyl Sulphide. 
By C. E. H. Bawy. 


DuRING the last few years numerous reactions have been discovered which exhibit sharply 
defined limits of pressure separating regions of slow reaction from those of explosive 
change. Such reactions are chain reactions and can be satisfactorily explained by 
Semenoff’s chain-branching theory (Z. Physik, 1927, 46, 109; 1928, 48, 571). Our know- 
ledge of the actual nature and characteristics of these chains, however, is still scanty, and 
further evidence with regard to their origin, propagation, and destruction is desirable. 
Much information concerning the stopping of the chains has been obtained from observ- 
ations of the effect of inert gases on the explosive reaction. Generally, the diluent acts 
so as to cause an increase in the reaction rate, or a decrease in the lower explosion limit, 
by preventing the diffusion of the chains to the wall of the vessel where they are deactivated. 
In the present investigation, however, the influence of helium, argon, and nitrogen caused 
an increase in the lower explosion limit. This is most probably due to the effect of the 
inert gases on the surface reaction which ultimately leads to the initiation of chains in 
the gas. Further, the effect of varying diameter of the reaction vessel shows that the 
chains are broken at the surface of the vessel. The inert gas plays, therefore, the dual 
role of delaying the actual initiation of the chain and facilitating its propagation, when 
once started, by preventing deactivation at the wall. 


EXPERIMENTAL. 


A pparatus.—The reaction vessel consisted of a cylindrical quartz tube, connected by means 
of capillary tubes to a gas burette and to the pumping system. The burette was also in con- 
nexion with a large glass storage vessel containing the gas mixture. ‘The O and COS were stored 
in glass gas-holders, which were also connected to the gas burette in order that the separate . 
gases or the mixture could be admitted to the reaction vessel. The vessel was heated in a 
specially wound electric furnace (30 cm. long and 5 cm. in diam.), which was enclosed in a 
sheet-iron casing (30 cm. long and 28 cm. in diam.), the inner space being packed with kieselguhr. 
The temp. was measured by means of a Pt-Rh thermocouple and a millivoltmeter, which had 
been previously calibrated : it was const. (to within 1°) over the central part of the furnace 
(20 cm.) during long periods. The press. in the system was determined by a capillary Hg 
manometer, attached directly to the reaction vessel, a Pye travelling microscope being 
used as measuring instrument. The manometer was cleaned frequently on account of the 
deposition of S on both the glass and the Hg surface. 

Three reaction vessels, A, B, and C, with the following dimensions were employed: 4, 
vol. 148-2 c.c., diam. 3:7 cm.; B, vol. 76:9 c.c., diam. 2-4 cm.; C, vol. 35-0 c.c., diam. 1-4 cm. 
The vessel D was of the same dimensions as A but was packed with small glass spheres. 

Preparation of Gases.—O was obtained by heating pure KMnO, and dried by passage over 
P,O,;. COS was prepared as previously described (Lochte-Holtgreven and Bawn, “vans. Faraday 
Soc., 1932, 28, 698), and was further purified from H,S by passage through acidified CuSO, aq. 

It was dried by P,O, and stored over HgO. N, A, and He were obtained directly from cylinders 
and dried as before. The gases were free from all combustible gases. 

Procedure.—Since a decrease in vol. occurs on reaction, the change was followed directly. 
Known vols. of gas were admitted from the gas burette to the evacuated vessel, and the press. 
read. This was done as quickly as possible, and any single admission was completed within 
5 sec. Since the vol. of the system was known (the vol. of the connecting tubes external to the 
furnace was about 7 c.c.), any instantaneous combustion could be measured. However, as 
the explosion was accompanied by an induction period, the reaction could usually be observed 
directly by the movement of the Hg surface and also by the bright flame in the connecting 
tubes. The time of evacuation was kept const. for each expt., and the explosion limit was 
approached from both sides. The gases were removed from the reaction vessel by means of 
a Toepler pump, and analysed in a Bone—Wheeler apparatus, O being absorbed by alk. pyrogallol 
and CO by ammoniacal Cu,Cl, aq. 

Activity of Vessel, and Induction Period—The explosive reaction was always preceded by 
an induction period, which varied from seconds to minutes depending on the activity of the 
surface of the reaction vessel. A long induction period was often observed with an inactive 
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surface, but with an active surface it was usually of the order of 5—10 sec. No press. change 
was observed during the induction period, and the explosion occurred abruptly. 

The variation of the activity of the surface may be attributed to two causes. (1) The 
explosion was accompanied by liberation of free S and possibly CS; these were deposited on 
the wall and caused a marked decrease in the activity of the surface and thus an increase in 
the lower explosion limit; after several series of explosions, the surface was rendered totally 
inactive and no explosions were obtained. (2) The activity was a property of the surface and 
depended on its previous treatment. An inactive surface could be reactivated (usually to its 
original activity) by heating in air for a prolonged period at 300°. In some cases the vessel 
was cleaned with HNO,, and this treatment gave a more active surface. 

The method of admitting the gases, although producing little change in the lower limit, had 
a marked effect on the induction period. With gas mixtures (20, : 1COS) the induction period 
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was about 5—10 sec.; but when the O was admitted to the reaction vessel initially, induction 
periods up to many mins. were obtained before explosion, the results under these conditions, 
however, being not nearly so reproducible as when the mixture was used. This may be 
explained on the assumption that the induction period is determined by a surface reaction 
(p. 149), which ultimately initiates the explosion. 

The Lower Explosion Limit of COS : O, Mixtures.*—The influence of varying the composition 
of the mixture was investigated in vessel A. The ignition temp. was lowered by addition of O 
and raised by addition of COS to a 20,: COS mixture. The results are shown graphically in 
Fig. 1. On account of the variability of the surface over long periods, it was necessary to check 
the surface activity frequently, and in all the expts. concerning the influence of inert gases on 


* The reaction also shows an upper critical explosion limit, but a detailed study of this was not 
made on account of the unsuitability of the apparatus and also because the heavy deposit of sulphur 
at high pressures reduced the reproducibility of the results. 
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the explosion limit the activity was checked either before or after each series against the standard 
20, : 1COS mixture. 

Determination of the products of combustion showed that the reaction did not proceed 
according to any simple stoicheiometric relationship: as calc. from the equation 30, + 2COS = © 
2CO, + 2SO, it corresponded to about 80% burning of the COS. The products included 
COxz, CO, SO,, SO;, S, and possibly CS: they were not completely analysed, only CO, residual O, 
and constituents absorbed by KOH being determined. With a 20,: 1COS mixture, a series 
of analyses showed that 58—66% of the O was used, and that the unburnt CO did not exceed 
5% of the total products. 

Effect of Moisture on the Lower Explosion Limit—Hadman, Thompson, and Hinshelwood 
(Proc. Roy. Soc., 1932, A, 187, 87; 138, 292; where references to earlier work are given) have 
shown that the kinetics of the ‘‘ dry’’ CO oxidation are fundamentally different from those of 
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the ‘‘ wet’ reaction, and that the oxidation can take place independently of the presence of 
traces of moisture. They also confirmed the work of Garner and co-workers (Trans. Faraday 
Soc., 1928, 24, 470; 1930, 26, 190), who showed that the explosion limit is only slightly affected 
by the presence of H,O vapour. The effect of moisture on the oxidation of COS is similar in 
many respects to that in the caseofCO. The lower limit for explosion is not appreciably altered, 
although H,O vapour produces a marked influence on the induction period. Whereas with 
the ‘‘ dry” mixture this was under 10 sec., and was greatly altered by initial introduction of 
O (see p. 146), yet with the “ wet”’ gases it was usually from 60 to 80 sec. and in some series 
was so const. that it was possible to predict at what time explosion would occur. Furthermore, 
in contrast to the “‘ dry ”’ explosion, in which no reaction could be observed during the induction 
period, in the wet mixture a slight press. decrease was observed, although explosion still set in 
abruptly. This indicates that a reaction is occurring during the induction period and probably 
on the surface, e.g., COS 4+- HO —-~ CO, + H,S. In these expts. the procedure was to admit 
the O, saturated with H,O vapour (this was included in the O pressure), to the reaction vessel 
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before the COS. Some results for a 2CO,: 1COS mixture containing 13 mm. of H,O vapour, 
together with the results of a dry 20, : 1COS mixture carried out under the same conditions 
(O admitted before COS), are tabulated below. 

“* Wet ’’ gases. “ Dry ’’ gases. 





Lower explosion Lower explosion Lower explosion 
Temp. press., cm. Temp. press., cm. Temp. press., cm. 
182° 4°30 181° 4°57 163° 10°00 
228 2°43 218 2°34 172 4°74 
194 4:00 171 4°64 
209 2°93 


Influence of Vessel Dimensions.—The effect of changing the diameter of the vessel was studied 

in vessels A, B, and C. The ignition limit was markedly increased by a decrease in the diam. 

of the vessel, and was completely inhibited in 

Fic. 3. a vessel packed with small glass spheres. 

The results are shown in Fig. 1: they indicate 

that the reaction chains are broken at the 
surface of the vessel. 

Influence of Inert Gases.—The effect on 
the lower limit of various proportions of He, 
A, and N was investigated with a 20, : 1COS 
mixture. The results are given in Figs. 2 
and 3, together with the standard 20, : 1COS 
curves. The presence of the inert gas invari- 
ably raised the explosion limit. As far as 
can be deduced from the exptl. data, the 
effect is greater the wider the vessel and the 
higher the press. of inert gas. The effective- 
ness decreases in the order He>N>A. 

Surface Reaction.—It has been stated that 
no measurable stationary reaction occurs 
below the lower explosion limit and up to 
230°. In view of the fact that the initiation 
of the explosion is dependent on the condition 
of the surface of the vessel, it is highly 
probable that a surface reaction is occurring 
during the induction period, and that this 
ultimately sets up the reaction chains. This 
reaction may be slow under the conditions 
of the expt., but should be increased by 

I. 20,:1COS. increase of surface. This was confirmed by 
II. 20,:1COS + 15% Ny. . 
III. 20,:1COS + 15% He. packing the vessel 4 with small glass spheres. 
IV. 20,: 1COS + 25% He. A measurable but slow reaction occurred at 
250°. For instance, with a 20,: 1COS mix- 
ture at an initial press. of 10-38 cm., a decrease of 0-41 cm. occurred in 37 min. With O or COS 
alone, no measurable alteration of pressure was observed. The kinetics of this reaction was not 
studied, since at temps. at which it becomes appreciable the COS itself begins to decompose 
and many complicating side reactions occur (Stock, Ber., 1924, 57, 719). 

Photochemical Reaction.—Lochte-Holtgreven and Bawn (loc. cit.) have shown that the 
molecule of COS is decomposed by light of 4 = 2550 A. into a normal CO molecule and an excited 
S atom. If the thermal reaction chain involves either of these products, it should be possible 
to accelerate it by photochemical means and possibly displace the limit. Expts. were therefore 
carried out with gas mixtures at pressures just below the explosion limit and at temps. from 
18° to 160°. The source of light was an air-cooled Hg-vapour lamp, using 2-5 amp. and 220 volts. 
The light was focused to the centre of the quartz reaction vessel by means of suitable quartz 
lenses. In no case did a press. change of more than 1 mm. occur, even with gas mixtures at 
160° and periods of illumination up to 12hr. These results were verified by the use of a specially 
constructed tube fitted with optically worked quartz windows. Even with a water-cooled H 
discharge tube as a source of illumination, no appreciable reaction occurred at room temp., and 
analysis of the gases showed that no O was consumed and the decomp. of the COS, as determined 
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by the amount of CO formed, did not exceed 5%. The slight amount of decomp. can be attributed 
to the deposition of a film of S on the window ‘which completely stopped all the ultra-violet light 
active in the decomp. This was also found to be the case with CS,,* which, as Thompson has 
shown (Z. physikal. Chem., 1931, B, 14, 359), is also photochemically inactive towards O below 
the explosion limit. With a tube 10 cm. long containing CS, vapour at 4 cm. press., ultra-violet 
light transmitted through the tube, as examined by a fluorescent plate, was stopped completely 
after 10 mins.’ illumination. 

A deposit of S was visible on the window, as with COS. In spite of the slight amount of 
decompn. it seems reasonable to assume that neither of the reactions, COS —~ CO + S’, 
CS, —— CS + S’, can lead to chain formation in CS,— and COS—O mixtures; i.e., the S atom 
in the 'D metastable state does not react with O, molecules to any appreciable extent. The 
reaction probably requires a considerable activation energy, as has been found for the reaction 
of O atoms towards H, and CH, molecules by Kistiakowsky and others (Chem. Rev., 1932, 10, 
90). 

The Carbonyl Sulphide Flame.—It has long been known that the initiation and propagation 
of flame in a CO-O mixture is largely dependent on the moisture content of the gases (Bone and 
Townend, ‘‘ Flame and Combustion in Gases ’’). Recently, Bawn and Garner (J., 1932, 129) 
have shown that in quartz explosion vessels unstable flames are produced with H-free mixtures, 
and that above a certain critical press. H-containing gases give rise to stable flames. A similar 
exptl. method has now been used to study the influence of gases on the lower explosion limit for 
the oxidation of COS. An ordinarily dried 20, : 1COS mixture shows a definite limit at approx. 
4-6 cm., but this was found to be dependent on the moisture content of the gases. It has not 
yet been possible to control these conditions on account of the great difficulty of removing the 
last traces of H,S from the COS. However, by carefully drying the gases over long periods 
it has been possible to produce unstable flames, and in some cases to prevent flame entirely. 
In one expt., in which a mild spark was used for ignition, no flame was obtained after continued 
sparking, but after the tube had been slightly warmed (in order to liberate a trace of moisture) 
and then cooled, sparking caused a slow flame to be propagated along the whole length of the © 
tube. In all cases the effect of drying was to decrease the speed of flame. Further expts. are 
now being carried out on the catalytic effect of H and other gases on the explosion at the lower 
limit. 

DISCUSSION. 

Induction Period.—The induction period or “time lag’’ which precedes explosion 
in heated vessels has been observed previously in many cases (see Bone and Townend, 
op. cit., Chap. VIII); the evidence indicates that it is primarily due to a period of 
“ preflame ’’ combustion which occurs on the surface of the vessel. The importance of 
this surface combustion on the ignition phenomena was first emphasised by Garner (77ans. 
Faraday Soc., 1928, 24, 470; 1931, 27, 176), who showed that the explosion is determined 
by the velocity of two different types of reaction : (1) a heterogeneous and a homogeneous 
reaction in the gas layers adjoining the wall, and (2) a thermal reaction in the gas. He 
concluded that the extent of the lowering of the ignition temperature by the silica surface 
is determined by the temperature of the surface layers, and that a high rate of surface 
reaction corresponds to a low ignition temperature. The surface origin of the chains has 
since been clearly demonstrated oy the work of Alyea, Lewis and Feitknecht, and others 
(see Lewis, Chem. Rev., 1932, 10, 51), and this appears to be a universal phenomenon in 
thermal explosions. According i. Garner’s theory, the initiation of the chains into the 
gas occurs when the rate of surface reaction exceeds a certain critical value. This leads 
to a very simple interpretation of the induction period: it is the time necessary for the 
rate of surface reaction to attain a value such that the emission of reaction carriers into 
the gas sets up chain branching. The rate of this reaction will be dependent on the activity 
of the surface and also on the relative adsorbabilities of the reactants. This explains the 
phenomena observed. 

Influence of Inert Gases.—The effect of varying the diameter of the reaction vessel shows 
that the chains are broken at the surface of the vessel. It would be expected, therefore, 
that the influence of inert gases would be to cause a decrease in the explosion limit. On 


* This observation was made by Dr. W. Lochte-Holtgreven, to whom the author expresses his 
thanks for assistance with the photochemical work. 
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the contrary, nitrogen, argon, and helium cause a marked increase in the lower critical 
limit. Since the inert gas is not appreciably adsorbed on the silica surface at the tem- 
perature of the experiments, it is unlikely to have any effect on the heterogeneous part of 
the reaction. The action must be exerted in the gas layers adjoining the wall or in the 
body of the gas. It is necessary to consider these two effects independently. 

(1) It has been stated previously that the initiation of flame is governed by the rate 
of surface reaction. The influence of inert gases on this reaction will be, as Garner (Trans. 
Faraday Soc., 1931, 27, 176) has shown, (a) to reduce the temperature of the surface layer 
by virtue of its specific heat, and (b) to compress the chains to within a shorter distance 
of the wall. Effect (a) is very important during the induction period, since the inert gas 
by virtue of its high thermal conductivity will bring about a lowering of the temperature 
of the film, and hence higher gas pressures are necessary for the initiation of flame. The 
effect of the inert gas would therefore be greater the higher its thermal conductivity, and 
this agrees with the determined experimental order. Similar results have been obtained 
by Lewis and Feitknecht (J. Amer. Chem. Soc., 1931, 58, 2911, 3565) for the influence of 
inert gases on the explosion of ozone catalysed by bromine and hydrogen bromide, but in 
these reactions the transition from slow to explosive reaction is not abrupt. 

(2) The second effect, which results in a higher temperature in the surface layer, is 
not of great importance in the present instance, since calculation * shows that the chains 
are very long and spread throughout the gas. The increased number of chains confined 
to the wall area will therefore be comparatively small. 

Since the reaction chains are broken at the surface, the presence of the inert gas, which 
decreases the mean free path of the molecules in the mixture, will prevent diffusion of the 
chains to the walls. If this effect alone occurred, a decrease in the lower explosion limit 
would be expected, as observed by Dalton and Hinshelwood (Proc. Roy. Soc., 1929, A, 125, 
263) and Melville and Ludlam (ibid., 1931, A, 132, 108) on the lower oxidation limits of 
phosphine and phosphorus vapours respectively. Also, the inert gas may bring about a 
deactivation of the reaction “‘ carrier ’’ or one of the steps in the chain. Both these effects 
may occur, and consequently the interpretation of the results is difficult. The conclusion 
reached from the experimental evidence is that the principal action of the inert gas is 
exerted on the surface reaction or on the layers adjacent to the wall, and not on the chains, 
although the above effects come into play once the chain is started. 

Reaction Mechanism.—Although it is not yet possible to give a complete account of 
the elementary reactions constituting the chain, the following simple interpretation 
explains the phenomena occurring. Carbonyl sulphide and oxygen combine on the wall 
of the vessel to form an unstable compound, which either diffuses into the gas or decom- 
poses spontaneously and ejects energy-rich molecules (or atoms) into the gas, initiating 
a reaction chain. The propagation of the chain is facilitated by oxygen and inhibited by 
excess of carbonyl sulphide : this effect is consistent with an unstable peroxide constitution, 
COS,O,, for the intermediate compound. After leaving the wall, this active molecule 
collides with either an oxygen or a carbonyl sulphide molecule, giving rise to different 
products, e.g., 


CO, + SO, + 0 <* cos,0, “S Cos + CO + SO, 


In the first case chain branching may be assumed to occur: COS 4+-O—+ CO+ 
SO (1); SO+ 0,—~ SO, + O (2); COS + O—~ CO, +S (3); SO + O,—~ SO, (4); 
0 + O—— O, (5). 

The effect of the inert gas may be to deactivate the unstable peroxide. Assuming 
that a critical concentration of peroxide is necessary for chain branching to occur, 
we see that excess carbonyl sulphide will raise, and excess oxygen lower, the ignition limit. 
A similar mechanism explains the oxidation of carbonyl sulphide. In each case the 


* This calculation was very approximate and was determined from the amount of surface reaction 
on the assumptions (i) that each molecule reacting initiates a chain, and (ii) that the rate of surface 
reaction is the same for quartz and glass surfaces; since the chains were of the order of 10° molecules 
in length, a 10-fold variation of the rate of surface reaction would not invalidate the above conclusion. 
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carrier of the chain is probably atomic oxygen, and this assumption is supported by the 
work of Harteck and Kopsch (Z. physikal. Chem., 1931, B, 12, 327), whg showed that 
oxygen atoms induce inflammation in carbon disulphide vapour. 








SUMMARY. 


(1) The effects of the diameter of the vessel and of inert gases on the lower limit for 
the oxidation of carbonyl sulphide have been investigated. Preliminary experiments on 
the influence of hydrogen on the carbonyl sulphide flame and photochemical experiments 
are also described. 

(2) It is concluded that (a) the reaction chains are initiated from the surface and also 
broken at the surface; (b) the explosion limit is raised in the presence of inert gases owing 
to the effect of the diluent on the temperature of the surface layers. 

(3) A reaction mechanism is proposed in which the reaction chains are initiated by 
means of an unstable peroxide formed at the surface of the vessel. The chains are 
broken by excess carbonyl sulphide and facilitated by excess oxygen. 
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47. The Ternary Systems constituted by Mercuric Chloride, Water, and 
an Alkaline-earth Chloride or Cupric Chloride. 


By HENRY BASSETT, GEOFFREY W. BARTON, ALBERT R. FosTER, and Cyrit R. J. PATEMAN. 







In three-component systems derived from water and two electrolytes it is usual for the ° 
solubility curves to be convex towards the water point when plotted as weight percentages 
on triangular diagrams. This is due to a depressing effect of small quantities of the one 
electrolyte on the solubility of the other which gradually becomes less effective with increas- 
ing additions and is often followed by an enhancement of the solubility in more concentrated 
solutions owing to complex formation. 

In the system HgCl,—CoCl,-H,O (Bassett and Croucher, J., 1930, 1784), the solubility 
curve of mercuric chloride is markedly concave towards the water point. The only other 
case of the same kind then on record was in the system HgCl,—CuCl,-H,O (Schreinemakers 
and Thonus, Proc. Acad. Amsterdam, 1912, 15, 472), the isothermal of which at 35° consisted 
of a very concave solubility curve for mercuric chloride and a normal, slightly convex one 
for cupric chloride dihydrate. Other cases of concave solubility curves have since been 
reported, e.g., in the system KCNS-AgCNS-H,O (Occleshaw, J., 1932, 2404). 

The present paper is the outcome of a wish to re-examine the HgCl,—CuCl,-H,O system 
and to obtain additional cases of concave solubility curves. The mercuric chloride curve 
is concave in all of the systems examined except that containing calcium chloride, where 
it is a straight line. The barium chloride dihydrate curve is also concave. 

The curves for mercuric chloride probably owe their form to the fact that this substance 
is practically a non-electrolyte, so that its marked tendency to form complexes with the 
added salt is the factor which determines the solubility influence from the first small addi- 
tions of the latter. There is no initial depressing effect by the added chloride ion. 

The curves for CaCl,,6HgCl,,6H,O, SrCl,,3HgCl,,8H,O, and for mercuric chloride in 
the HgCl,—CuCl,—-H,O system have a point of inflexion and are partly convex and partly 
concave. 

Our experimental results are given in the tables and figures. 




















Earlier Work on the Systems, and Discussion of Results. 


All the systems now dealt with were examined a hundred years ago by von Bonsdorff 
(Pogg. Annalen, 1829, 17, 115, 247). He prepared a number of double salts and analysed 
them, but, as it is not possible to obtain them quite free from mother-liquor, it is not sur- 
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prising that his formule are not always correct. His observations were very accurate, and 
his results excite admiration when one considers the difficulty in dealing with such systems 
before the discovery of the phase rule. 

To the two magnesium compounds he gave the formule MgCl,,3HgCl,,5H,O and 
MgCl,,HgCl,,6H,O, the former wrong only by 1H,O and the latter correct. In the calcium 
chloride system, instead of the compound CaCl,,6HgCl,,6H,O, he found CaCl,,5HgCl,,8H,O, 
a formula which corresponds fairly closely with the average composition of the moist 
samples which we analysed. He also mentions another compound CaCl,,2HgCl,,6H,O, 
but found it difficult to get pure and was doubtful about its composition : it is actually 
CaCl,,HgCl,,4H,O and its appearance is exactly as described by him; his preparations may 
have contained some CaCl,,6HgCl,,6H,O. 

With strontium and barium chlorides Bonsdorff found SrCl,,2HgCl,,2H,O and 
BaCl,,2HgCl,,2H,O instead of SrCl,,3HgCl,,8H,O (solid solutions, see p. 154) and 
BaCl,,3HgCl,,6H,O. He also says that a complex cupric mercuric chloride can be obtained 
in the form of prismatic needles or groups of needles, but gives no analysis or formula, nor 
is there anything to show that the needles did not consist of copper chloride dihydrate. 
Harth (Z. anorg. Chem., 1897, 14, 323) claims to have obtained CuCl,,HgCl, as short greenish 
needles easily soluble in water, but gives no analytical or other details. It is clear from the 
context of his paper that he did not mean to imply that his supposed compound was 
anhydrous, but only that it contained the constituent salts in equimolecular proportion. We 
consider it very doubtful whether any compound of these two chlorides can separate from 
aqueous solutions. There is certainly no compound at 35° or 25° and, qualitatively, we 
could obtain no indications of any compound other than the two salts separating even at 
temperatures as low as — 15°. 

Swan (Amer. Chem. J., 1898, 20, 613) repeated a few of Bonsdorff’s preparations and 
said that there was only one magnesium compound MgCl,,3HgCl,,6H,O (and not 5H,0). 
He thought that Bonsdorff’s MgCl,,HgCl,,6H,O was only a mixture, and also that the 
strontium compound was SrCl,,3HgCl,,xH,O. Foote and Bristol (cbid., 1904, 32, 246) 
examined the system HgCl,—BaCl,-H,O and showed by dilatometer experiments that a 
complex salt became stable below 17-2°. They made some solubility determinations at 
10-4° and showed that the complex salt had the formula BaCl,,3HgCl,,6H,O. We have 
entered their results on Fig. 1. 

Further phase-rule investigation of these systems was clearly desirable on account of the 
remarkable nature of some of the compounds. It was advisable to settle the correct 
formule of these in connexion with our attempts to construct reasonable and consistent 
structural formule for a number of complex salts. Our results have been, in some respects, 
more striking than was anticipated. 

Three types of complex salt are formed between mercuric chloride and the other bivalent 
metal chlorides examined: (i) MCl,,HgCl,,xH,O, (ii) MCl,,3HgCl,,.H,O, and (iii) 
MCl,,6HgCl,,*H,O. 

Compounds of type (i) were obtained with magnesium and calcium, as also, previously, 
with cobalt (Bassett and Croucher, Joc. cit.). The double compound formed by manganese 
is also of this type (Bonsdorff, loc. cit.). Compounds of type (ii) were formed by magnesium, 
strontium, and barium, while calcium and strontium also yielded compounds of type (iii). 
These statements refer to a temperature of 25° (except in the case of barium). It is possible 
that other compounds may appear at lower temperatures, but no observations have been 
made in the course of our work which indicate any other compounds above about 12°, at 
any rate. 

It seems highly probable that in all these compounds the whole of the mercury is in the 
complex anion of double salts in which M (=Mg, Ca, Sr, Ba, Co, Mn) functions as kation. 
This view of their constitution is supported very strongly by their water content, which is 
just sufficient to cause a reasonable hydration of the M kations. Thus, in compounds of 
type (i), xis 6 for the magnesium compounds and 4 for that of calcium (and also of cobalt 
and manganese), corresponding to the formule 


[Mg(H,0)¢)"[HgCl,]"” and [Ca(H,0),)"[HgCl,)”. 
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For magnesium and barium compounds of type (ii), « has the value 6, and for that of 
strontium it is 8, corresponding to the formule 
[(Mg or Ba)(H,O),]"*[Cl,HgCl,HgCl,HgCl,]”” and [Sr(H,O) ,.]"°[Cl,AHgCl,HgCl,HgCl,]”’. 
According to Sidgwick’s covalency rule, the maximum co-ordination number of magnes- 


jum and calcium is six, and it is eight for strontium. For barium also it is not less than 
eight, but it is well known that with elements of high atomic number the more highly 
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In Fig. 1. AB is solubility curve of HgCl,. In Fig. 14. Portions of three isothermals are 
BC MgCl,,3HgCl,,6H,O. shown of the system HgCl,—CuCl,—H,O in the 
CD ‘ MgCl,,HgCl,,6H,O. neighbourhood of the points of intersection of 
DE ; MgCl,,6H,O. the solubility curves of HgCl, and CuCl,,2H,O. 
FG HgCl,. The upper curve shows Schreinemakers and 
GEE in BaCl,,2H,O. Thonus’s results at 35°. The intermediate 
IKLM Foote and Bristol’s results at 10°4°. curve shows our results at 25°, and the lower 
KL is solubility curve of BaCl,,3HgCl,,6H,O. curve those at 35°. The scale of Fig. 1a is 
twice that of Fig. 1. The BaCl,,2H,O point 
vefers to Fig. 1. 


co-ordinated conditions tend to be unstable. For the two compounds of type (iii) the value 
of xis6. Here again a long-chain anion appears to be formed, and we give the calcium and 
the strontium compound the formule 


[Ca(or Sr)(H,O),]"[Cl,HgCl,HgCl,HgCl, HgCl,HgCl,HgCl,]”. 


The large anion makes large hydration of the kation possible in spite of the fact that these 
compounds only separate from solutions containing not more than 20—30% of total water. 
This anion containing six atoms of mercury is the longest chain ion of this type with 
which we are acquainted. Some of our reasons for postulating anions such as the above 
have already been given (Bassett and Croucher, loc. cit. ; Bassett and Sanderson, J., 1932, 
1855). 

Chain anions are always subject to the disruptive tendency of their constituent ions to 
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become free, and, from this point of view, mercuric chloride appears to be peculiarly well 

adapted to build up such ions. It is well known to be almost un-ionised in aqueous solution 

and even to show signs of being complex. The symmetry produced by the attachment of 
‘i di > 

two chlorine ions at one end of a neutral molecule Hg Hg --- | to form the chain 
cl Cl 


Cl Cl Cl |” 

sion Hg Hg--- | would probably greatly enhance the stability of the structure. 
Cl Cl Cl 

Such chlorine ions must be provided by another chloride, however, since mercuric chloride 

is insufficiently ionised to provide them itself. 

In view of the non-electrolytic character of mercuric chloride, it was just conceivable 
that some of these complexes might have an entirely different constitution from that 
proposed above and contain complex kations in which molecules of mercuric chloride were 
co-ordinated to the other metal atom in the same sort of way as molecules of water or 
ammonia in hydrates or ammines. On this basis the compound CaCl,,6HgCl,,6H,O 
might have been regarded as [Ca(HgCl,),]"°Cl,’, but it would be difficult to place the water 
molecules in such a structure. Their presence, in just the amount required by the calcium, 
etc., shows, in our view, that the idea of a complex kation containing mercuric chloride is 
quite untenable. 

The compound SrCl,,3HgCl,,8H,O, 7.e., [Sr(H,O),)[(HgCl,),Cl,]”, is remarkable in 
being the limit of a series of solid solutions of which the other constituent is strontium 
chloride dihydrate. This shows in a striking way that the dihydrate must really be com- 
plex and have the quadrimolecular formula (SrCl,,2H,O), with a structure analogous to 
that of the mercuric chloride double salt, viz., [Sr(H,O),]"*[Cl,SrCl,SrCl,SrCl,]”’. 

This result affords strong support for our view that with bivalent metals there is a great 
tendency to assume the 0-, 4-, 6-, or 8-co-ordinated condition rather than any intermediate 
values. Polymerisation is frequently necessary to render this possible. The zero-co- 
ordinated condition is normally only assumed in extreme cases where the higher values 
4, 6, or 8 are impossible. Since strontium chloride dihydrate is complex, it is highly 
probable that the dihydrates of calcium chloride and of barium chloride are also complex, 
but there is no direct proof of this at present and we can only guess at the probable degree 
of complexity. In the calcium compound a quadrimolecular formula is unlikely, since, 
according to Sidgwick’s rule, calcium cannot have a higher co-ordination number than six. 
The only possibility would thus seem to be (CaCl,,2H,O), or (CaCl,,2H,O),, corresponding 
to [Ca(H,O),]"*[Cl,CaCl,CaCl,}’” or [Ca(H,O),][CaCl,]’. The barium compound could be 
either quadri-, ter-, or bi-molecular. . 

Crystallographically, the three dihydrates look very similar and probably they are all 
monoclinic. According to Mugge (Jahrb. Min., 1888, 1, 145), SrCl,,2H,O is not isomorphous 
with BaCl,,2H,O, although it probably is with BaBr,,2H,O; the last is monoclinic but not 
isomorphous with its chloride and not of a related form. 

The system CaCl,—-HgCl,—H,O is of unusual complexity, but the results obtained are 
correspondingly interesting. The complexity is due to the occurrence at 25° of two double 
salts and three different hydrates of calcium chloride (hexa-, tetra-, and di-), of which one, 
the tetra-hydrate, occurs in no less than three distinct forms. Two of these modifications 
were already known, but the third has been obtained for the first time—it is intermediate 
as regards stability conditions between the other two. Calcium chloride solutions can be 
readily obtained in metastable states and it is this fact alone which has made it possible to 
examine many of the curves in this system, since four of them are entirely metastable. 

The different behaviour of strontium chloride in this respect makes it almost impossible 
to realise any metastable conditions in the HgCl,—-SrCl,-H,O system. It was only just 
possible to get sufficient analytical data to fix the formula of the compound 
SrCl,,6HgCl,,6H,O, which is metastable at 25°, although the similarity of its crystalline 
form to that of CaCl,,6HgCl,,6H,O was really sufficient for the purpose. 

The general character of the compounds and conditions which occur in the several 
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systems can be seen from the figures, and only a few points require further discussion. In 
some of the diagrams the tie-lines have been omitted to avoid confusion, but in all cases 
they run very close indeed to the appropriate points. Only in the HgCl,—SrCl,-H,O system 
does the direction of the tie-lines cause any difficulty. The inflected curve which comes 
between those of the constituent salts corresponds to a series of more or less parallel tie-lines. 
At the mercury-rich end these run very close tothe point for a compound SrCl,,3HgCl,,8H,O, 
and the nature of the tie-lines can be satisfactorily accounted for if they correspond to a 
series of solid solutions which lie on a line joining the SrCl,,3HgCl,,8H,O point with that of 
SrCl,,2H,O. The degree of wetness of the various ‘“‘ moist solids ” analysed, as judged by 
eye, agreed very well in each case with this view of the matter, whereas, if one had assumed 
that one constituent of the solid solutions was SrCl,,3HgCl,,6H,O, the moist solids would 
have had to be much wetter than was probable from their appearance. Another very 
important point in favour of the above interpretation of the solid solutions is that the 
solubility curve of the solid solutions can be extrapolated quite naturally so as to run to the 
point corresponding to the solubility of strontium chloride dihydrate in pure water at 25°. 
This point cannot be determined directly, but by extrapolation from measurements at 70° 
and above (see Seidell, ‘‘ Solubilities of Inorganic and Organic Substances,” 1911, p. 317) 
it can be estimated to be about 40% SrCl,. The uncertainty attaching to this figure is 
small, since the solubility curve is practically a straight line between 180° and 70°. The 
slope of the tie-lines in the region of solid solutions becomes more nearly vertical, correspond- 
ing to a larger proportion of strontium chloride in the solid solution the larger the proportion 
of solid phase which separates from the original homogeneous liquid solution. The more 
solid solution separates from a given mixture the greater is the initial concentration of the 
homogeneous liquid solution, the greater its HgCl,/SrCl, ratio, and the smaller its water 
content. These changes correspond to a decrease in this ratio for the solid solution which 
separates. It is thus evident that an increase in the strontium chloride content of the solid ° 
solution depends, not on increasing the concentration of strontium chloride with reference 
to that of mercuric chloride in the liquid solution, but rather on a decrease in the water 
content of the mixture. It is mainly this, in all probability, which determines the propor- 
tion of [(SrCl,),Cl,]”” anions which are present. Their concentration appears to be quite 
low except in solutions of very small water content. This dependence of the slope of the 
tie-lines and the composition of the solid solution on the amount of solid separating from a 
liquid mixture is precisely similar to what was found in the system CoCl,—ZnCl,-H,O 
(Bassett and Croucher, Joc. cit., p. 1804). 

The point of inflexion in the solubility curves of CaCl,,6HgCl,,6H,O and of 
SrCl,,3HgCl,,8H,O (solid solutions) is a direct consequence of a portion of the curves being 
concave to the water point, for the metastable prolongation of these curves should bend 
round the points representing the composition of pure CaCl,,6HgCl,,6H,O and 
SrCl,,3HgCl,,8H,O respectively. 

Several investigations in recent years have indicated a considerable tendency to associ- 
ation among salts of the alkaline-earth metals. Unmack, Murray-Rust, and Hartley 
(Proc. Roy. Soc., 1930, A, 127, 228), from conductivity measurements in methyl-alcoholic 
solution, found this to be the case for the thiocyanates. The conditions prevailing in 
aqueous solutions of the chlorides seem to be peculiar and the presence of complex ions 
might help to account for them (Hepburn, J., 1932, 550, 566, 575, 1284). 

The concavity of the mercuric chloride curves does not always necessitate an inflexion, 
however, for the metastable prolongation of these curves would end somewhere on the side 
of the triangle opposite the water point and this would often be possible without such an 
inflexion. In the HgCl,-CuCl,-H,O system, Schreinemakers and Thonus (loc. cit.) found 
the mercuric chloride curve to be so concave that it must show a point of inflexion in the 
metastable region or immediately before it. Those authors made no mention of the 
analytical methods they employed, and as this system offers difficulties in that respect, we 
re-examined it after developing what we believe to be a trustworthy method of analysis. 
We made this examination both at 25° and at 35°, the temperature used by Schreinemakers 
and Thonus. Both our isothermals correspond to considerably more concentrated solutions 
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than were found by these authors at 35°, while the mercuric chloride curve on both of them 
shows the point of inflexion recognised to be necessary by them. One of the points on their 
curve for mercuric chloride—that at 49-5 HgCl, and 5-94°% CuCl,—is so out of line with 
their others that we think 49-5 must be a misprint for 39-5. 

In Figs. 2 and 2a, the curves for CaCl,,6H,O, for the three forms of CaCl,,4H,O, and 
for CaCl,,2H,O all show signs of doubling back, so that they would eventually cut the 
H,O-CaCl, side of the triangle a second time. Fig. 2A is a 20-fold magnification of the region 
where the curves of CaCl,,6HgCl,,6H,O, CaCl,,HgCl,,4H,O, «-CaCl,,4H,O, and CaCl,,2H,O 
intersect. Such a large scale is almost beyond the accuracy of the analytical work, but it 
makes the relationships clearer. 
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In Fig. 2. ABis the solubility curve of HgCl,. IH] is the solubility curve of B-CaCl,,4H,O. 
BFC se, . »  CaCl,,6HgCl,,6H,0. KLM se=eo - »  y-CaCl,,4H,0. 

+ a " »  CaCl,,HgCl,,4H,O. CLN - se »  CaCl,,2H,O. 

‘OG ,, s »  a-CaCl,,4H,0. POR - - »  CaCl,,6H,O. 
All curves below the lines ABFOQR represent metastable conditions. 


In Fig. 24, AFCB is part of solubility curve of CaCl,,6HgCl,,6H,O : points on this curve shown thus, X. 
KFL PY ” ” ” a-CaCl,,4H,O ° ” ” ” ” ©. 
GCH 90 os 99 98 CaCl,,2H,O : ” ” ” ” ©. 
DCE m ” 7 »  CaCl,,HgCl,,4H,O : ” » » ” ©. 
The CaCl,,4H,O and CaCl,,2H,O points are on the scale of and refer to the main diagram. 
The scale of Fig. 24 is 20 times that of Fig. 2. 





The three forms of calcium chloride tetrahydrate now call for special consideration. 
Two of these were already known and their solubilities in water had been determined by 
Roozeboom (Z. piysikal. Chem., 1889, 4, 42), who designated them «- and 6-, the «-form 
being the more stable in contact with aqueous solutions and having the smaller solubility. 
Our new form is intermediate between these two as regards stability and solubility, so its 
designation is a matter of some difficulty. As its solubility is nearer to that of Roozeboom’s 
8-form than to that of his «-form it might be called the 6’-form; the alternative is to alter 
the name of the old 8-form to y-, and to call our new form $-: although this plan involves 
a possibility of confusion, we prefer to adopt it. 

The three forms are absolutely distinct in appearance ; after a little experience they can 
be handled readily, and by inoculation with the correct form, solutions in equilibrium with 
any one variety are readily obtained. By inoculating a solution in equilibrium with the 
y-form (old 8-form) with a crystal of the new @-form, the y-crystals are seen to be gradually 
replaced by those of the 8-, and if the mixture is then inoculated with the «-form a complete 
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change to this occurs. There can thus be no doubt about the existence of three distinct 
forms. 

The «-CaCl,,4H,O was first obtained by Hammerl (Wien. Sttzungsber., 1875, 72, 667), 
who merely describes the crystals as being ‘‘ well formed.’’ Roozeboom (loc. cit.) describes 
them as granular, apparently rhombic, and settling quickly. We obtained beautiful 
brilliant diamond-shaped rhombs, often much facetted and sometimes forming cross-like 
twins. The dimensions of the rhombs do not 
differ greatly in any direction, and hence the 
granular character to which Roozeboom refers. 60° 

Our new @-form occurs as square-ended prisms, 
some nearly square, others much longer than they 
are broad; the edges are often bevelled. 

The y- (old g-) CaCl,,4H,O was first obtained 
by Lefebvre (Compt. rend., 1870, 70, 684), who 
describes its spontaneous separation in great 
plates from solutions containing about 55° CaCl,. 
These plates are rhombohedral and readily cleave 
into long needles, the oblique ends of which often 
have the acute angle truncated. 

We determined the solubility of all three 
forms in pure water at 25° in order to be quite 
sure which corresponded to Roozeboom’s «- and | | 
6-forms. The solubility of our new 6-form in 40 
pure water has been determined at several temper- 
atures and its solubility curve is shown in Fig. 3. 

When the separation of the tetrahydrate from 
pure aqueous solutions is entirely spontaneous, it 
nearly always comes out in the y-form. We first 
obtained the new §-form by inoculation of a 
mercuric chloride—calcium chloride solution with 
partially dehydrated hexahydrate. This is not 
very reliable, however, as the «- or the y-form 
may result. In time, either the y- or the 6-form 
changes into the «-form, but they may persist for 
months at 25°. The y-form always seems to 
change spontaneously into the «a-form directly, 
and only into the new $-form as an intermediate 50 60 
stage if inoculated with the latter. CaClz,% 

Calcium chloride dihydrate can also exist at 
25° in metastable equilibrium with a certain range of solutions, containing a high proportion 
of mercuric chloride. Such mixtures were prepared by inoculating suitable solutions with 
crystals of dihydrate obtained by allowing pure calcium chloride solutions of appropriate 
concentrations to crystallise above about 60°. It forms large rhombohedral plates which 
float in the dense equilibrium solutions. 

Crystals of the dihydrate are rather similar in appearance to those of y-tetrahydrate, 
but the latter are not so well formed and have a marked tendency to be six-sided, whereas 
the former—especially from mercuric chloride solutions—separate as clear well-formed 
rhombohedral plates of which the acute angles are only occasionally truncated by small 
faces. 

The solubility of the dihydrate in pure water at 25° can be obtained by extrapolation 
from Roozeboom’s figures (loc. cit.). It does not seem to be realisable experimentally. 
We could not follow the curve very far into the region of low mercuric chloride content, but 
its probable course is indicated in Fig. 2. 

In view of the behaviour of strontium chloride dihydrate, it is important to note that 
no evidence of any solid solution formation could be detected in the case of the correspond- 
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ing calcium salt, although it was specially sought. The very hygroscopic nature of the 
latter and the horizontal position of the tie-lines make them very sensitive to small changes 
in water content of the moist solid. They run as near to the CaCl,,2H,O point as can be 
expected. There was no solid solution formation in, the case of BaCl,,2H,0O either. 
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AB is the solubility curve of HgCl,. 

BCE ,, i ye solid solutions SrCl,,3HgCl,,8H,O-SrCl,,2H,O. 
co. a» - - SrCl,,6H,O. 

FGH ,, - - SrCl,,6HgCl,,6H,O. 





EXPERIMENTAL. 


Solubility determinations were made in all cases at 25°, the procedure used being as described 
by Bassett and Croucher (loc. cit.). A.R. Compounds were used in all cases where obtainable ; 
SrCl,,6H,O was a purchased sample which analysis showed to be perfectly satisfactory. The time 
of shaking at 25° was seldom less than 24 hr., which was found to be adequate, but was often 
several weeks even in the case of metastable CaCl, systems. 

When dealing with SrCl,,6HgCl,,6H,O great care had to be exercised, however, owing to its 
instability. Suitable mixtures had to be well heated and then cooled rapidly and allowed to 
stand quietly at 25°, whereupon the octahedral crystals separated. The mixtures could only 
be left for 15—30 min. with gentle shaking before separation for analysis, otherwise they set to 
a nearly solid mass of SrCl,,3HgCl,,8H,O. This was liable to occur if any attempt was made 
to filter off the solid phase, and as a rule the clear solution had to be removed with a warm 
pipette and the dense solid separated by decantation and weighed in the solubility bottle; 
consequently, the moist solid retained a very high proportion of mother-liquor. In one case 
the mixture was successfully filtered for analysis. 

In one expt., where both solid solution and SrCl,,6H,O were in equilibrium with solution, 
the solid solution had slowly formed large crystals at the expense of the floating crystals of 
SrCl,,6H,O—the mixture having been kept stationary. As the crystals of solid solution remained 
attached to the bottom of the tube it was possible to separate them for analysis in a moist but 
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otherwise pure state. The tie-line shows their composition to be 58-4% HgCl,, 27-6% SrCl,. 
This is richer in SrCl, than any other solid solution we obtained, and corresponds to the presence 
of 20-5% of the (SrCl,,2H,O), constituent. 

In Table II, owing to the complexity of the system, the curve for each compound has been 
treated as a single unit so that the points corresponding to the coexistence of two solid phases 
appear twice—once on each curve. For the compound CaCl,,HgCl,,4H,O the times for which 
each mixture was shaken at 25° have been given to show how little a variation in the time 
affects the results obtained. The chief difficulties in fixing the exact position of the solubility 
curve are due to the excessively small range of concns. over which the compound can be obtained, 
to the great readiness with which CaCl,,6HgCl,,6H,O separates, and to the limitations of the 
analytical methods. CaCl,,HgCl,,4H,O separates readily on cooling hot solutions made up with 
care so as to come within the region of existence of the compound. It is a matter of some 
difficulty, however, to get a prepn. which is entirely free from either CaCl,,2H,O or 
CaCl,,6HgCl,,6H,O. 

The fact that in the 3-weeks expt. CaCl,,6HgCl,,6H,O had changed completely into 
CaCl,,HgCl,,4H,O definitely shows that at 25° the curve for the latter compound cuts that for 
the former. In the region of the }-hr. and 17-hr. expts. CaCl,,HgCl,,4H,O is relatively very 
unstable towards CaCl,,6HgCl,,6H,O and even in the short times allowed considerable change had 
occurred, so that the solid phases were actually mixtures. 

The 24-day and 8-day expts. are similar in the sense that no conversion of CaCl,,HgCl,,4H,O 
into CaCl,,6HgCl,,6H,O had occurred. This suggests that there is only a slight instability of 
the former towards the latter in the positions corresponding to these two expts., and this is our 
chief reason for making the curve for CaCl,,6HgCl,,6H,O bend round in the manner shown : 
it must bend round somewhere, as it should form a closed curve round the point representing 
pure CaCl,,6HgCl,,6H,O. 

Methods of Analysis.—Great attention was paid to these. Except in presence of Cu, Hg was 
estimated as HgS after pptn. with H,S and drying at 100—110°. It has been shown by Fenimore 
and Wagner (J. Amer. Chem. Soc., 1931, 58, 2453) that this method is subject to a small error 
due to chloride carried down by the HgS. We, too, found that the wt. of HgS obtained is about 
0-3% too great, and that it made little difference whether the solution from which pptn. occurred 
was free from added acid or was 2N with respect to HC]. The HgS is somewhat hygroscopic 
and should be weighed quickly. We have not considered it necessary to correct our results for 
the above smallerror. Mg was estimated as Mg,P,O, and Sr and Ba as sulphate after separation 
by standard procedure from the evaporated Hg filtrate. Ca was separated from the latter as 
CaC,O,: in some cases this was titrated with KMnQ,, but in others it was ignited and weighed 
as CaO. Preference was given to the latter procedure—especially in critical or difficult regions 
of the CaCl, system, as it was considered more reliable. A special method of analysis was devised 
for the HgCl,-CuCl,-H,O system, since ordinary methods for separating mercury and copper 
appear to be most unsatisfactory. 

In our hands the method of Krauss (Z. angew. Chem., 1927, 40, 354) gave high results for Cu 
and low results for Hg. We found that the most satisfactory procedure was to determine Cu 
as the salicylaldoxime compound (Ephraim, Ber., 1930, 68, B, 1928), and then to determine total 
Clin another portion of the mixture and to calculate the Hg by means of these two determinations. 
Hg cannot be satisfactorily estimated by pptn. with H,S in the Cu filtrate, partly because the 
org. matter present interferes with the pptn., and partly because the HgS absorbs the org. 
matter. Cl cannot be estimated directly in presence of Hg owing to the solvent action of Hg(NO3). 
on AgCl (see Ephraim, “‘ Text Book of Inorganic Chemistry,” 1926, p. 225; Winkler, ‘‘ Ausgewahlte 
Untersuchungsverfahren,”’ 1931, p. 129). The method we adopted was to remove Hg from 
solution with Cu turnings and then to ppt. total Cl with AgNO;. Our standard procedure was as 
follows. 

The solution, containing sufficient material to yield 0-2—0-5 g. of AgCl, was diluted to about 
60 c.c., treated with 0-5 c.c. of 2N-HNO, and 2g. of small Cuturnings. Immediately before 
use these had been boiled for a few min. with about 0-05N-HNO, to remove oil and surface 
contaminations, and well rinsed with cold distilled H,O. It was found best to let the Cu act 
first at a relatively low temp. by heating the mixture over quite a small flame or else on top of 
an oven at about 110°; after several hours of such heating, the mixture was just raised to the 
boil and kept rather below it for about 2 hr. Any Hg,Cl, which might have separated initially 
should by then have completely disappeared. The amalgamated Cu was then filtered off and 
washed with two 5-c.c. portions of 2N-NH, aq., followed by H,O. (The NH, was used to dis- 
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solve any basic salts which might have formed.) Cl was pptd. as AgCl in the filtrate after 
acidification with HNO,. 

With A.R. CuSO,,5H,O the salicylaldoxime method gave results about 0-3% too high, and in 
mixtures containing known amounts of CuSO, and HgCl, comparable to those in the solutions 
being studied, the Cu results were about 0-7% too high. In all our analyses of the HgCl,—CuCl,— 
H,O system, we have accordingly reduced the weight of copper salicylaldoxime by 0-7% before 
calculating the percentages of CuCl, and HgCl, present. We believe the results so obtained to 
be very trustworthy. The copper salicylaldoxime was always pptd. from the neutral solution. 
Addition of NH,OAc and HOAc made no difference to the results and was therefore omitted. 
The method described gave excellent values for the chloride content of known mixtures of 
A.R. CuSO,,5H,0 and HgCly. 

Properties of the Several Complex Salis ——All the complex salts found in these systems 
form incongruently satd. solutions and are consequently decomp. by pure H,O. When 
CaCl,,6HgCl,,6H,O or SrCi,,6HgCl,,6H,O is treated with H,O, a preliminary separation of 
HgCl, can be observed. Both of these compounds form well-developed regular octahedra which 
always sink in their equilibrium solutions. 

The SrCl,,3HgCl,,8H,O solid solutions form rhombohedral plates which appear as needle-like 
crystals, or aggregates of such, when they separate rapidly. In some of our expts., metastable 
SrCl,,3HgCl,,8H,O at one end of the solid solution range, or metastable SrCl,,6H,O at the other 
end, slowly changed into the SrCl,,3HgCl,,8H,O solid solution which under these conditions 
formed large rhombohedral plates, the acute angles of which were often truncated to give 
hexagonal plates. 

Crystals of SrCl,,2H,O, prep. by crystn. from pure solutions of SrCl, above 70°, had a pre- 
cisely similar appearance to that of these solid solutions. In the region near the point of inter- 
section of the solubility curves of SrCl,,6H,O and solid solution, the two solids can be readily 
distinguished since the prisms of SrCl,,6H,O float, whilst the crystals of solid solution sink in the 
equilibrium solutions. 

MgCl,,3HgCl,,6H,O also forms large rhombohedral plates with good rhombohedral cleavages. 

MgCl,,HgCl,,6H,O crystallises in prisms which appear to be monoclinic. Both the complex 
MgCl, salts sink in their equilibrium solutions, while MgCl,,6H,O floats in the solution which is 
in equilibrium with both it and MgCl,,HgCl,,6H,O. 

CaCl,,HgCl,,4H,O forms prisms which are apparently isomorphous with those of 
CoCl,,HgCl,,4H,O. When formed rapidly, the prisms are needle-like, but when formed slowly, 
as by the slow change of previously separated but metastable CaCl,,6HgCl,,6H,O, fine six-sided 
prisms with pyramidal ends are obtained which have a superficial resemblance to crystals of 
quartz. The crystals of this compound sink in their equilibrium solutions. 

Numbers in italics in Tables I—VI correspond to metastable conditions. 


TABLE I, 
System HgCl,-MgCl,—H,0. 


Solution. Moist solid. Solution. Moist solid. 





LEE, ———, cr ~ 
HgCl,. MgCl,. HgCl,. MgCl,. HgCl,. MgCl,. HgCl,. MgCl,. 
* 6°90 nil — ~- y, 48°95 19°22 53°71 19°52 
33°47 5°40 97°36 0°30 48°78 19°45 55°51 19°95 
47°72 8°28 96°07 0°60 47°32 20°01 53°35 19°86 

56°03 9°86 93°76 1°49 45°45 20°90 54:26 20°16 

57°46 10°68 92-08 1-64 44°93 21°12 52°11 20°32 

59°23 12°48 79°84 8°68 +{43.14 21°97 24°03 34°43 

55°90 14°44 74°70 10°32 43°14 21°92 35°76 28°83 

14°38 76°65 10°13 41°66 22°43 13°23 39°68 
15°24 76°67 10°43 31°92 25°29 13°14 = 38°34 
16°30 74°91 10°68 24:29 27°64 9°61 39°60 
17:27 76°84 10°32 __sé,, 11:76 =31°72 3°51 42°40 
18°77 78°29 10°53 «B,C 0°58 35°48 O11 43°84 
19°23 7553 «81054 B nil 35°70 t — — 
19°07 55°40 19°82 C 
* Foote and Levy, Amer. Chem. J., 1906, 35, 238. 
t Independent results at different times by different workers. 
{ Interpolated from van 't Hoff and Meyerhoffer’s results (Z. physikal. Chem., 1898, 27, 74). 


Symbols used for solid phases: A = HgCl,; B= (Mg(H,O),)[Hgs;Cl,]; C = [Mg(H,O),}]{HgCl,]; 
D = [Mg(H,0),]Cl,. 
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TABLE II. 
System HgCl,—CaCl,-H,0. 


Solution. Moist solid. Solution. Moist solid. 
c ~ ‘“ ~ a, i 
HgCl,. CaCl, HgCl,. CaCl,. HgCl,. CaCl, HgCl. CaCl, 
6°90 nil _ J 49:16 26°17 15:21 = 60°35 
38°50 725 97°53 . 48:50 26°33 872 65°55 
52°66 10°53 94:27 . 47°77 26°81 14:07 = 60°65 
47°01 27°22 18:92 56°30 
46°06 = 27-77 15°42 60°48 
45°82 27:90 15-91 = §1°21\ 
45°71 = 27°81 17:10 = 49-531 
39°24 31°61 845 55°24 
nil 55°00 || — — 


39°24 31°61 845 5524 
37°14 32°36 = 11-48 =~ 2-60 
25:10 37:99 12:29 49-71 
24:25 38-504] oe 
nil = § 2°13 _ 


45°82 27-90 51°21\ 
45°71 = 27°81 49°53 J 
46°03 = 27°15 43°26 
32°73 = 33°65 ; 54:07 
25°24 37°39 51°98 
24:71 = 37°73 49°96 
O14 51:14 — 
nil &1°30 — 
50°84 25:19 79°20 : F 
t { 50°81 25:25 «73:79 ~«—«13°B7 51:20 24-46 58°80 
50°81 25°30 §=66-92 19°69 51:90 = 23°93 55°66 
50-78 25:22 74:00 14:39 Srey = 896 28°08 | 
30°76 2524 66-80 19°63} Se16 83°77 —.* 
50°72 2533 «61-27 ~— 22-47 = oo aaa 
4 52°15 23°53 31°72 
3 hr. 51:47 92492 5781 — 2.387 50°24 24°50 52°07 
17 hr. 50:99 25:21 60°03 23-41f 50°08 24°71 : 52°58 
50°90 25:14 5956 2439 C 49°68 24°65 . 57°13 
50°84 25°19 79°20 10°43 48°65 25°35 51°95 
3} 50°81 25:25 7379 = 13°87 > 47°53 25°54 ; 54°83 
1 month 50°81 25°30 66°92 19°69 | 47°37 25°74 4 51°75 
3 weeks 60°77 25°25 58°74 24°84§ 47°19 25°65 ; 53°83 
24 hr. 50°76 25°38 26°26 rte $| 41°62 27°99 , 56°70 
3 days 50°67 25°35 63°11 29°42 39°97 29°01 F 55°70 
3} ,, 50°72 25°33 61°27 22°57 30°70 32°72 ‘ 59°70 
_ 50°72 2548 57°63 24-88 24:00 = 36-00 tt — 
nil 48°85 Tt — 
50°78 25:22 74:00 <_) ; 
50°76 2524 66°80 = 19°63 23°00 = 39°30 Tt ome 
50°76 25°38 26:26 51°20\ 2471 37°73 49°80 
50°67 2535 5311 29°42) 24°00 36°00 Tt Fay 
50°30 §=25°50 = 15°21 = 60°57 23°73 30°95 ‘ 51°41 
50°21 25:48 15:56 60-00 22°10 36°32 , 50°98 
49:99 25°74 20-41 55°29 20°08 37°04 ’ 48°26 
49°21 26°04 20-46 55°40 17°04 = 38°36 2° 49°23 
nil 45°05 — 
* Independent experiments by different workers at different times. 
+ The moist solid analysed was [Ca(H,O),][(HgCl,),Cl,], but a few prisms of [(Ca(H,O),][HgCl,] 
were seen sticking to the sides of the solubility bottles. 
t This point clearly lies slightly off the correct, very unstable part of the [Ca(H,O),][HgCl,] curve, 
though it serves to indicate the approx. position of the curve. 
§ In this experiment large crystals of [Ca(H,O),][HgCl,] had grown at the expense of crystals of 
[Ca(H,O) ,]{(HgCl,),Cl,] which were originally present. 
|| Extrapolated from Roozeboom’s curve. 
| Estimated from curves. 
** Very little B. 
tt Estimated from curves. 
Symbols used for solid phases: A = HgCl,; B = [Ca(H,O),][(HgCl,),Cl,]; C = [Ca(H,O),j[HgCl,] ; 
D = CaCl,,2H,O; E = CaCl,,6H,O; a = a-CaCl,,4H,O; B = B-CaCl,,4H,O; y = y-CaCl,,4H,O. 
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56°71 11°35 85°36 
56°87 11°43 89°04 
56°85 11°61 85°09 
56°31 12°60 83°79 
56°20 13°09 84°46 
55°70 14°80 82°62 
55°68 14°70 83°65 
55°50 16°04 82°89 
55°63 16°90 83°30 
55°58 17°81 2°46 
55°42 18°77 81°36 
54°96 19°98 79°66 
54°87 20°40 85°64 
53°86 21°67 83°92 
52°67 23°19 82°12 
52°21 23°62 44°04 
52°15 23°53 45°14 
51°97 23°96 51°57 
61°31 24°66 84:52 
50°90 25°13 84:10 
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Formation of Unstable SrSO,,2H,0.—In the course of the numerous estimations of Sr, it was 
noticed that the SrSO, when pptd. at room temp. almost always separated, in the first instance, 
in a very bulky form which rapidly became dense and granular. The latter crystals—small 
diamond-shaped rhombs and derived forms—consist of SrSO,. It seemed probable that the 
bulky solid was SrSO,,2H,O, for, under the microscope, it was seen to consist of groups of needle- 
like prisms. These were too fine for satisfactory optical examination, but there was nothing 
in their behaviour so far as it could be examined which was incompatible with a crystal form 
analogous to that of gypsum CaSOQ,,2H,O. The following expts. make it highly probable that 
the unstable compound really isthe dihydrate. It changes so rapidly into the stable SrSO, that 
separation for analysis has to be done quickly. The change is much faster whilst the solid is in 
the mother-liquor than after it has been washed and dried. 

Only small quantities could be prepared at a time. These were filtered rapidly on a small 
Buchner funnel, well washed with H,O, abs. EtOH, and Et,O, and air-dried for a few mins. 
The loss of wt. (in g.) under various conditions was then determined : 


(a). (d). (c). 
0°5 G. SrCl,,6H,O 0°5G. SrCl,,6H,O in 5c.c. As in (6), but with 
Preparation | in 5 c.c. cold cold H,O + 5c.c. 2N- 15 c.c. H,O, and 
P - ] H,O + 4 c.c. H,SO,, followed at once carried out at 0°. 
2N-H,SQ,. by 50 c.c. abs. EtOH. 


Wt. of SrSO,,*H,O taken 0°1885 04060 0°3540 
Loss after ? hr. in the air 0°0048 — —_ 

Loss at 110° after } hr. ............ 0°0037 * 0°0249 t+ 0°0163 
Extra loss at 110° over-night ... 0-0015 0-0028 _— 

a » On ignition 0°0041 0°0087 0°0122 

PEER DRED OE WE. cccccccesscsccccnsece 0°0141 0°0364 0°0285 
% 7°48 8°97 8°05 


* Extra loss in this case. t After 3} hr. at 110°. 


The microscopic appearance of all three prepns. indicated that approx. half had changed 
into SrSO,, and as the H,O content of SrSO,,2H,O should be 16-40%, it is considered that the 
above results agree with the view that the unstable hydrate is the dihydrate. 

Needles of SrSO,,#H,O had been previously noticed by Lambert and Hume-Rothery (J., 
1926, 2637), who made a careful examination of the conditions under which they were formed. 
Owing to the instability of the hydrate they were unable to determine, or to suggest any value 
for, x. 


TABLE III. 
Solubilities of Hydrates of Calcium Chloride. 
% CaCl, in solution. (B= Present authors; R = Roozeboom.) 
Forms of CaCl,,4H,O. 








CaCl,,2H,0. 
(R) 57°80 
(R) 56°6 

56°1 


CaCl,,6H,O. a. B (new). 
(R) 56°6 -- 
56°1 


(B) 55°38 
(B) 54:30 
(B) 52°67 
(B) 52°52 


(R) 56-0 


aa 
n> 


CE 
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52-4 = 
cose (R) 53:0 
(B) 51°30 (B) 52°13 
(R) 48°85 (R) 52°15 
(B) 47°32 — 
(R) 47°6 (R) 51:1 
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* Temperature and concentrations estimated from the curves. 
t By extrapolation. 
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TABLE IV. 
System HgCl,-SrCl,—-H,O. 


Solution. Moist solid. Solution. Moist solid. 
 , EE A, Ce in, SE a, 
HgCl,. SrCl,. HgCl,. SrCl,. HgCl,. SrCl,. HgCl,. SrCl,. 
6°90 nil — -~ 52°70 21°90 61:20 22°60 B/(S) 
34°70 9°30 96°87 0°51 51°20 =. 2250 60°40 20°00 ‘ 
48°21 13°93 96°36 1-07 50°87 =. 2298 61°37 20°33 Fe 
56°62 16°65 95°23 1:73 48°90 23°69 15°79 4839 B(S),E 
57°17 =: 17°34 98°67 1:12 48°81 2401 34°53 ant : 
58°30 =:18°04 81-12 9°50 \ 56°88 26°93 " 
58°46 8=61801 89°00 5°35 J 48°77 = =—-2390 59°60 2504 B/(S) 
5868 1847 69°80 1405 nil 40°00 = D 
5849 19°42 76°99 11°64 48°20 23°60 7:00 53°50 
58°46 19°53 73°27 = 14°55 * 46°25 24-02 22°56 42°35 
59°49 19°66 66°15 16°61 45°32 24°26 18°85 44°82 
58°13 18°00 69°77 14°91 34°52 26°78 761 52°65 
56°20 19°20 62°40 17°80 31:02 27°50 7°76 =. 1°58 
55°95 = 19°52 66°16 16°54 18°82 30°50 2°42 56°51 
55°45 =: 19°82 62°22 § 19°35 8:55 33°42 lll 56°58 
5433 20°88 61°44 23°87 nil 35°84 ft — —_— 
* This solid phase was largely converted into the solid solution, but the solution point seems to be 
on the [Sr(H,O) ,][(HgCl,),Cl,] curve. 
+ Benrath (Z. anorg. Chem., 1927, 168, 398) found 35°70%. 
t{ Large crystals of solid solution separating from a similar mixture. 
Symbols used for solid phases: A= HgCl,; B= [Sr(H,O) ][(HgCl,),Cl,] ; C = [Sr(H_,O) .][(HgCl,) .Cl,] ; 
D = [Sr(H,O) ,][(SrCl,),Cl,] = SrCl,,2H,O; E= SrCl,,6H,O; (S) = Solid solution. 


TABLE V. 
System HgCl,-BaCl,-H,0. 


Solution. Moist solid. Solution. Moist solid. 
Ey ——e ee, c ~ - i ~ 
BaCl § HgCl,. BaCl,. HgCl, BaCl | HgCl,. BaCl. 
nil — a 53°83 23°11 11°48 71:06 
3°28 95°91 trace 53°69 23°23 12°88 70°15 
11°19 96°92 0°68 51°34 23°82 10°67 73°21 
16°23 94°32 1°62 43°51 25°22 7°74 75°04 
21°96 94°26 2°56 32°45 26°07 1:99 81°12 
22°55 91°54 3°84 Si, 14°98 26°73 — — 
22°91 60°17 28°56 AB 8°10 26°54 — —- 
22-80 70°06 23°68 . nil 27°08 * — — 


* Compare 27:09 found by Jelissejew (Ber. Inst. Phys. Chem. Anal., Leningrad, 1926, 3, 443) and 
27°10 found by Wolkow (ibid., p. 704). 


Symbols used for solid phases: A = HgCl,; B= BaCl,,2H,O. 


— © 





TABLE VI. 
System HgCl,—CuCl,—H,0. 
25° Isothermal. 35° Isothermal. 


Solution. Moist solid. Solution. Moist solid. 
eae, ——_— ee _ ~ al ss 
CuCl,. HgCl,. CuCl,. HgCl,. CuCl,. HgCl,. CuCl,. 
nil — — 8517 nil — — 
14°86 96°39 1:28 52°36 14°51 97°50 0°86 
18°86 96°25 1-79 53°28 18°70 98°25 0°72 
20°64 97°83 1:00 52°60 20°27 97:00 1:28 
20°95 94°65 2°42 52°35 21-09 97°73 1:03 
21°35 96°70 1:28 ae 52°13 21°69 27°73 56°21 
21°46 39°55 43°92 A,B 49°71 22°50 8°84 69°15 
22-53 10°22 68:03 B nil 44°47 f —- —_— 
43°32 * -- — ~~ 
* Foote, J. Amer. Chem. Soc., 1912, 34, 880. 
+ Figure quoted by Schreinemakers and Thonus (loc. cit.). 


Symbols used for solid phases: A = HgCl,; B= CuCi,,2H,O. 
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SUMMARY. 


The systems HgCl,-Mg(Ca, Sr, Ba, Cu)Cl,-H,O have been examined at 25° and that 
containing copper also at 35°. Several complex salts have been found, corresponding to the 
three types MCl,,HgCl,,xH,O, MCl,,3HgCl,,xH,O, and MCl,,6HgCl,,«H,O. Some of the 
solubility curves are of unusual type in being either concave to the water point or partly 
convex and partly concave. 

The strontium chloride system is remarkable in containing a region of solid solutions 
which are based upon SrCl,,3HgCl,,8H,O and SrCl,,2H,O. The latter compound is thus 
shown to be (SrCl,,2H,O),. The probabie structures of the various complex salts have been 
considered, as well as some of the factors which determine the form of the solubility curves. 

A new form of CaCl,,4H,O has been obtained which is intermediate as regards stability 
between the two forms previously known. 

The unstable hydrate of strontium sulphate is probably a dihydrate. 

With bivalent metals there is a great tendency to assume the 0-, 4-, 6-, or 8-co-ord- 
inated condition rather than any intermediate value. 


THE UNIVERSITY, READING. [Received, December 2nd, 1932.] 





48. Evidence from Surface Films on the Constitution of Batyl 
and Chimyl Alcohols, 


By Nei K. ADAM. 


KNIGHT (Biochem. J., 1930, 24, 257), finding a close similarity between unimolecular surface 
films, on water, of batyl and chimyl alcohols and the «-monoglycerides (III), concluded 
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that batyl alcohol was the «-octadecyl glyceryl ether (I) and not the #-ether (II), which 
would be expected to give a totally different type of film. Davies, Heilbron, and Owens 
(J., 1930, 2542) synthesised «-octadecyl glyceryl ether, and observed a very slight depression 
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in its m. p. in admixture with natural batyl alcohol, indicating that possibly batyl alcohol 
is not the «-ether. 


(I.) C,gH,"O-CH,-CH(OH)-CH,-OH a ee 
(IL) C,,H,,CO-O-CH,-CH(OH)-CH,-OH CypHyy OCH< yon “ 


The surface films of two specimens of batyl alcohol (H, from Professor Heilbron; D, 
from Professor Drummond), of synthetic «-octadecyl glyceryl ether, kindly sent by Professor 
Heilbron, and of chimy] alcohol (from Professor Drummond) have therefore been examined 
on water by the method of Adam and Jessop (see “‘ The Physics and Chemistry of Surfaces,”’ 
1930, pp. 38—42, Clarendon Press). The films of batyl alcohol and the synthetic ether 
were examined at several temperatures between 1° and 43°. They were completely con- 
densed films (of the close-packed head type, not much rearranged on lateral compression), 
below 20°. Points for the three specimens agreed within the experimental error of about 
1 sq. A. At higher temperatures, the expanded films were also identical within experi- 
mental error for the three substances, as were also the transition regions (at all temper- 
atures) between the expanded and the condensed state. 

Chimyl alcohol also gave very similar films, but in this case the temperature at which 
the condensed film changed to the expanded was about 15° lower, as would be expected 
for a substance of similar constitution, but with two fewer carbon atoms in the long chain. 

The figure gives the results, with surface pressures plotted vertically and areas per mol. 
horizontally ; the constants of the films are as follows, Knight’s figures, which are in good 
agreement with the present work, being given in parenthesis. 

Area of condensed film, Area of expanded film, Temp. of half expan- 
at no compression at no compression sion 1°4 dynes/cm. 
(+ ca. 1 sq. A.). (+ ca. 3 sq. A.). (+ 2°). 
Batyl alcohol and a-octa- 

decyl glyceryl ether 27 (26) 64 (60) 31° (35°5°) 
Chimy] alcohol - (28°6) 64 (65) 18°5 (17°5) 
a-Monopalmitin * — 70 —- 17-5 -= 

* See Adam, Berry, and Turner, Proc. Roy. Soc., 1928, A, 117, 535. 

+ Knight’s half expansion temperatures refer to a pressure of 2 dynes/cm., which should give a 
temperature 1—2° higher than 1°4 dynes/cm. 


In view of the complete identity in properties between the surface films of both speci- 
mens of natural batyl alcohol and synthetic «-octadecyl glyceryl ether, and of the close 
similarity of films of batyl and chimyl alcohols to those of the «-monoglycerides, the 
evidence appears very strong that Knight’s conclusion, that batyl alcohol is «-octadecyl 
glyceryl ether, and chimyl alcohol is «-hexadecyl glyceryl ether, is correct. 


UNIVERSITY COLLEGE, LoNDoN, W.C. 1. 
IMPERIAL CHEMICAL INDUSTRIES, LTD. [ Received, December 21st, 1932.] 





49. The Unsaponifiable Matier from the Oils of Elasmobranch Fish. 
Part IX. The Structure of Batyl and Selachyl Alcohols. 


By W. H. Davies, I. M. HEILBRoN, and W. E. JonEs. 


As both synthetic «-octadecyl glyceryl ether (I) and its diphenylurethane give small but 
definite depressions in m. p. when admixed respectively with batyl alcohol and its dipheny]- 
urethane, Davies, Heilbron, and Owens (J., 1930, 2542) considered that the natural product 
was probably the isomeric f-octadecyl glyceryl ether (II) 


(L) Cy gH ,°O-CH,-CH(OH)-CH,-OH C,sH7°O-CH(CH,OH), (IL 


On the other hand, Knight (Biochem. J., 1930, 24, 257) from evidence provided by 
unimolecular film measurements concluded that batyl alcohol possessed the unsymmetrical 
«-structure (I), a finding strongly supported by Adam (see previous paper). 

We have now obtained, in agreement with the latter author’s views, conclusive proof 
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of the presence of an af-glycol grouping in batyl alcohol by applying Criegee’s elegant 
method of oxidation (Ber., 1931, 64, 260), formaldehyde (identified as its 2 : 4-dinitrophenyl- 
hydrazone) and glycollaldehyde octadecyl ether being produced. The structure of the latter 
aldehyde has been confirmed by its synthesis from octadecy] allyl ether (Davies, Heilbron, 
and Owens, loc. cit.) by the action of ozone. On oxidation with chromic anhydride the 
aldehyde readily yields the corresponding glycollic acid octadecyl ether, m. p. 62—63°. 
The above result shows that batyl alcohol can differ only in configuration from the synthetic 
a-octadecyl glyceryl ether, and in agreement with this we have now ascertained that the 
alcohol, contrary to the finding of Toyama (Chem. Umschau, 1924, 31, 61), does actually 
exhibit small but definite optical activity, its specific rotation in chloroform being [«]3%, 
-+-2-6° (c, 0-95). The activity is more readily demonstrated with batyl acetate, the specific 
rotation of which is [«]${., — 8-5° in chloroform (c, 2-63). 

The batyl alcohol used in these experiments was prepared by the direct hydrogenation 
of the unsaponifiable fraction (mainly selachyl alcohol) of the liver oil of Centrophorus 
granulosus. It thus follows that selachyl alcohol must be formulated as «-oleyl glyceryl 
ether, a conclusion in agreement with its recorded optical activity (Toyama, Joc. cit.). 


EXPERIMENTAL. 


Batyl Alcohol.—The liver oil from Centrophorus granulosus freed from squalene (Heilbron 
and Owens, J., 1928, 942) was refluxed for 4 hr. with 150 g. KOH in 1250 c.c. EtOH and after 
removal of half the EtOH under reduced press. the residue was diluted with H,O and thoroughly 
extracted with Et,0. The combined extracts were washed with H,O until free from soap, 
and dried over anhyd. Na,SO,. The mobile orange oil after removal of solvent (25 g.) was 
dissolved in MeOH (150 c.c.), kept for 25 hr. at — 10°, and the filtered solution hydrogenated 
under 2 atm. press. by Skita’s method (Ber., 1912, 45, 3312). The absorption of H was complete 
after 3 hr. (1740 c.c. Calc. for pure selachyl alcohol, 1640 c.c.). Towards the end of the 
reaction batyl alcohol began to separate and, after filtration of the warmed solution, was obtained 
in almost quant. yield, m. p. 63—65°. Pure batyl alcohol, m. p. 70—71° (from EtOH), was 
obtained by conversion into and regeneration from its diacetate, which after fractional dis- 
tillation (b. p. 223—227°/4 mm.), followed by crystn. from EtOH, had m. p. 36—36-5° (Toyama, 
loc. cit., gives m. p. 33-9—34-4°) (Found: C, 69-4; H, 11-2. Calc. for C,;H,,0O,;: C, 70-0; H, 
11-2%). 

‘a of Batyl Alcohol with Lead Tetra-aceiate.—Baty] alcohol (10 g.), dissolved in ACOH 
(30 c.c.) previously freed from aldehyde by refluxing it for 4 hr. with CrO,, was shaken at room 
temp. for 20 hr. with N/10-lead tetra-acetate (Dimroth, Ber., 1923, 56, 1375) in AcOH (1000 
c.c.). The bulk of the solvent was removed by distillation, the first 50 c.c. being collected 
separately. This portion was diluted with an equal vol. of H,O and treated with a warm 
solution of 2 : 4-dinitrophenylhydrazine in ACOH. The yellow amorphous solid deposited on 
cooling, after repeated crystn. from aq. EtOH, was obtained in feathery orange-yellow needles ; 
m. p. 162—163°, alone or mixed with formaldehyde-2 : 4-dinitrophenylhydrazone, m. p. 163°, 
prepared from formalin (Purgotti, Gazzetia, 1894, 24, 564, gives m. p. 155°). 

The residue was diluted with H,O, and the pptd. aldehyde washed with NaOAc-KI aq,., 
Na,S,O, aq., and H,O. Glycollaldehyde octadecyl ether, which does not give a positive Schiff 
reaction but rapidly reduces Tollens’ reagent, crystallises from EtOH as a colourless solid, 
m. p. 51° (Found: C, 77-0; H, 12-9. Cy 9H, O, requires C, 76-9; H, 12-8%). The 2: 4-dinitro- 
phenylhydrazone obtained by Allen’s method (J. Amer. Chem. Soc., 1930, 52, 2955) separates 
from EtOH in yellow needles, m. p. 73° (Found: C, 63-8; H, 9-1. C.,H,,O;N, requires C, 
63-4; H, 9-0%). 

Glycollaldehyde octadecyl ether was also prepared in poor yield by passing a 
stream of ozonised oxygen through a solution of octadecyl allyl ether (Davies, Heil- 
bron, and Owens, Joc. cit.) in aldehyde-free AcOH for 3} hr. After steam distillation until the 
distillate showed a negative Schiff reaction, the non-volatile residue was extracted with Et,O, 
the extract washed (Na,CO, aq.) and dried, and the aldehyde recovered and crystallised from 
EtOH; m. p. 51°, alope or mixed with the aldehyde obtained from batyl alcohol (Found: C, 
77:2; H, 12°8%). 

Glycollic Acid Octadecyl Ethery.—A solution of glycollaldehyde octadecy] ether (6 g.) in warm 
AcOH (30 c.c.) was slowly treated with a solution of CrO, (1 g.) in AcOH (30 c.c.)—H,O (10 c.c.). 
The whole was maintained at 70—80° for 4 hr., poured into H,O, and extracted with Et,O. 
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Addition of Na,CO, aq. to the washed extract pptd. the sparingly sol. Na salt of the acid, which 
was repeatedly washed with Et,O. The free acid crystallised from EtOH or light petroleum 
in small needles, m. p. 62—63° (Found: C, 73-5; H, 12-0. C,y9H,.O, requires C, 73-2; H, 
12:2%). Ethyl glycollate octadecyl ether was prepared (4 g.) by refluxing the acid (4 g.) in abs. 
EtOH (30 g.) containing 5% by wt. of conc. H,SO,for 6 hr. The reaction mixture was poured 
into H,O, and the ester extracted with Et,O, washed, and dried. After removal of solvent the 
residue was repeatedly crystallised from EtOH, from which it separated as a wax, m. p. 41— 
42° (Found: C, 74:5; H, 12-8. C,,H,,O, requires C, 74-2; H, 12-5%). Treatment of the 
ester with alc. NH,Me for 3 days at room temp. yielded the methylamide, 
C,,H;,-O-CH,-CO-NHMe, which crystallised from EtOH in short needles, m. p. 83—84° 
(Found : N, 3-8. C,,;H,,0,N requires N, 41%). 

a-Octadecyl Glyceryl Ether —This was prepared by a modification of Davies, Heilbron, and 
Owens’ method (/oc. cit.) in order to compare the m. p.’s of the product and that obtained by 
those authors. A cold solution of perbenzoic acid in CHCl, (290 c.c. containing 8-6 g. per- 
benzoic acid) was added to a solution of octadecyl allyl ether (16 g.) in CHCl,;, and the mixture 
maintained at room temp. for 96 hr. Removal of solvent, after washing with Na,CO, aq., 
left a low-melting solid, which was refluxed for 6 hr. with EtOH (300 c.c.) containing 2N-H,SO, 
(100 c.c.). Crude a-octadecyl glyceryl ether separated on cooling and was repeatedly 
crystallised from EtOH; m. p. 70—71° (yield, 10 g.). This ether was identical with that pre- 
viously described, but admixed with natural batyl alcohol still showed a depression of fully 


2° in m. p. 
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We desire to express our thanks to Dr. A. R. Todd of Oxford University for kindly 
carrying out the polarimetric determinations. 


UNIVERSITY OF LIVERPOOL [Received, December 21st, 1932.] 





50. Researches in the Menthone Series. Part X. The Complete 
Optical Resolution of dl-neoMenthol by means of 1-Menthol. 


By Joun Reap and WILLIAM J. GRUBB. 


ACTIVE modifications of neomenthol have been prepared by Pickard and Littlebury (J., 
1912, 101, 112, 121), Vavon and Couderc (Compt. rend., 1924, 179, 405), Zeitschel and 
Schmidt (Ber., 1926, 59, 2303), and Zeitschel and Eck (J. pr. Chem., 1932, 133, 365). 

The production of /- and d-neomenthol from dl-neomenthol is fairly readily achieved 
by the successive use of /- and d-menthoxyacetyl chloride (cf. the resolution of d/-menthol ; 
Read and Grubb, J. Soc. Chem. Ind., 1932, 51, 329T). 1-neoMenthyl |-menthoxyacetate melts 
at 64° and d-neomenthyl |-menthoxyacetate at 28-5°; but in spite of a corresponding difference 
in solubility the two esters are difficultly separable from each other. After ten or twelve 
successive fractional crystallisations from methyl alcohol, the formation of mixed crystals 
prevents further resolution: the regenerated /-neomenthol, containing about 1% of its 
antimeride, is readily purified, however, by fractional crystallisation of the p-nztrobenzoate. 
The observed value, aj" = — 8-82° (10-5), for the resulting /-neomenthol is in good agree- 
ment with ai” — — 8-87° (/ 0-5) and aj” = + 17-7° (11), observed by Pickard and Littlebury 
and by Zeitschel and Schmidt, respectively (locc. cit.). 

Similar relationships hold in the preparation of d-neomenthol, with the aid of d-menth- 
oxyacetic acid. As in the case of d/-menthol, the ultimate optically active reagent used 
in achieving this complete optical resolution of d/-neomenthol is /-menthol; and the 
immediate reagents, /- and d-menthoxyacetic acid, may be recovered and used again. 

The neomenthyl menthoxyacetates are hydrolysed less readily than the corresponding 
menthyl esters: the proportion of /-neomenthyl /-menthoxyacetate hydrolysed, under 
conditions which permit of a quantitative hydrolysis of the menthyl menthoxyacetates, 
is only about 85%. 

l-Menthyl d-camphor-10-sulphonate was found by Tschugaev (Ber., 1911, 44, 2026) 
to display anomalous rotatory dispersion. Of the similarly constituted esters, containing 
an alcohol and an acid radical of opposite rotatory signs, examined in the present research, 
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only l-neomenthyl d-camphor-10-sulphonate shows a slight anomaly; I-neomenthyl 1- 
camphor-10-sulphonate and all the menthyl and neomenthyl menthoxyacetates have normal 
dispersion. 

The neomenthyl camphor-10-sulphonates decompose even in warm organic solvents, 
owing to the ready dehydration of the neomenthy] radical, and thus they cannot be applied 
in the optical resolution of d/-neomenthol. 

Unlike any of the other known menthols, d/-neomenthol readily forms large and well- 
developed crystals; the crystallographic data now given appear to be the first of the kind 
to be determined for a menthol. This marked capacity for crystallisation reappears in 
the neomenthylamine series (J., 1926, 2224). 


EXPERIMENTAL. 


dl-neoMenthol.—We are indebted to Messrs. Howards and Sons, Ltd., Ilford, for the di- 
neomenthol used in this work. The specimen contained less than 0-5% of impurities, and had 
m. p. 50—51°, b. p. 212-1—212-6°/763 mm. It was purified 
through the hydrogen phthalate, and the d/-neomenthol finally 
crystallised from light petroleum (b. p. 60—80°). dl-neo- 
Menthol and di/-menthol do not form mixed crystals, and, in 
the absence of di-isomenthol, pure dl-neomenthol separates 
when mixtures of the two substances containing not less than 
35% of di-neomenthol are fractionally crystallised from light 
petroleum. This observation has an important bearing upon 
the technical separation of both pure d/-menthol and dl-neo- 
menthol, either of which may be purified with notable ease 
under the conditions indicated. Mixtures of d/-menthol and 
dl-isomenthol are not separable in this way, owing to the 
formation of mixed crystals. 

Prof. H. L. Bowman, of the Department of Mineralogy, 
University of Oxford, has kindly supplied the following report 
of a crystallographic examination of d/-neomenthol : 

“The crystals are of stout prismatic habit, up to 1-5 
cm. long xX 1cm., often flattened parallel to a pair of prism- 
faces, somewhat rough and uneven on the surface, but giving 
fairly clear signal-images. They resemble tetragonal prisms 
m(110), terminated by ,7(101) (see fig.); but their optical 
characters show them to be pseudotetragonal mimetic twin-groups, of which the component 
individuals probably belong to the orthorhombic system, though the crystals are too rough 
and too liable to evaporation in the air to admit of their exact angles and symmetry being 
determined by measurement. 

“‘ Referred to tetragonal axes, the crystals have c: a = 0-556. Forms: m/(110), (101). 











Edges. Limits. Mean. Calc. 
mm 110: 110 Ss 88° 49’—90° 48’ [90°] * 
my 110:101 10 69° 40’—70° 0’ 69° 504’ 69° 53}’ 
vy 101: 011 5 40° 11’—40° 15’ 40° 13’ * 
vy 101:101 3 58° 8’—58° 13’ 58° 10’ 58° 11’ 


‘* No cleavage was observed. 

“‘ A transverse section, parallel to (001), showed here and there a uniaxial interference-figure 
with moderately strong negative birefringence, but elsewhere the figure was biaxial, with a 
narrow angle (2E = 7° to 9°), the bisectrix being normal to the plate. The section showed 
a division into sectors by lines at about 45° to the edges, the plane of the optic axes lying in two 
directions at right angles in adjacent sectors, and in each sector being perpendicular to the 
nearest prism-face. 

“ These characters, together with straight extinction on the prism-faces, indicate that the 
apparently tetragonal crystal probably consists of four orthorhombic individuals, bounded 
outwardly by pinakoid-faces and terminated by a pyramid, which are twinned together about 
faces of a pseudotetragonal prism.” 

dl-neoMenthyl p-nitrobenzoate, prepared and purified similarly to its /-form, described below, 
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separated from warm rectified spirit in fine radiating needles, m. p. 78°5° (Found: C, 66-9; 
H, 7-6. C,,H,30,N requires C, 66-8; H, 7-6%). 

dl-neoMenthyl 3 : 5-dinitrobenzoate crystallised from EtOAc—EtOH in fine, faintly yellow 
needles, m. p. 130°, moderately sol. in hot EtOH (Found: C, 58-6; H, 6-5. C,,H,,O,N, 
requires C, 58-3; H, 6-3%). It is more sol. in EtOAc than d/-menthyl 3 : 5-dinitrobenzoate. 

dl-neoMenthyl 8-naphthoate, prepared in the usual way, except that the pyridine solution 
was warmed gently to start the reaction, crystallised from rectified spirit in minute prisms, 
m. p. 98° (Found: C, 81-1; H, 8-2. C,,;H,,O, requires C, 81-2; H, 8-4%). 

Isolation of 1-neoMenthol.—l-Menthoxyacety] chloride (from 43 g. of /-menthoxyacetic acid ; 
J. Soc. Chem. Ind., 1932, 51, 32917) was added slowly to a solution of di-neomenthol (31 g.; 
1 mol.) in anhyd. pyridine (90c.c.)._ Pyridine hydrochloride was pptd., and the mixture became 
hot; it was kept over-night, and then treated in the usual way (Joc. cit.). Crude dl-neomenthyl 
]-menthoxyacetate, freed from neomenthol by steam distillation, was isolated in 88-4% yield 
as a yellow oil which slowly crystallised; it had [a], — 55-0° (c 2, in CHCl,). The unused 
/-menthoxyacetic acid and neomenthol were recovered ; the latter contained some /-A3-menthene, 
and the mixture had [a], — 3° (c 12, 7 2, in EtOH), indicating that d-neomenthol reacts more 
rapidly than /-neomenthol with /-menthoxyacetyl chloride. 

When recryst. 13 times from MeOH, 123-6 g. of the crude ester gave 11-2 g. with [«]) — 79-3° 
(c 2, in CHC],), and further fractionation produced no appreciable change in the rotatory power. 
This ester (11-2 g.) was heated under reflux for 1 hr. with 1% alc. KOH (270 c.c.; 1-2 mols.). 
Most of the EtOH was steam-distilled, and the /-neomenthol was then collected in a second 
receiver. From the non-volatile residue, unchanged ester (1-6 g.) was extracted with Et,O; 
]-menthoxyacetic acid (5-4 g.) was then recovered by acidification. The yield of /-neomenthol 
was 65-3% (3-25 g.), b. p. 88°/9-5 mm., n}? 1-4638, aif’ — 8-65° (/ 0-5). 

Since this /-neomenthol was optically impure, the fractional crystn. was repeated with 
293 g. of crude di-neomenthyl /-menthoxyacetate: after 9 recrystns. from MeOH, this gave 
42-0 g. of ester with const. [a]) — 78-5°. The mother-liquors gave 27-1 g. of equally pure 
material (total yield, about 47% of the calc.). The /-neomenthol obtained by hydrolysing - 
this material had «j® — 17-0° (/ 1). 1l-neoMenthyl p-nitrobenzoate separated from rectified 
spirit in fine, faintly yellow needles, m. p. 95°, [«]}?’ — 17-9° (c 2, in CHCIl,), after 3 recrystns. 
(Found : C, 67-1; H, 7-6. C,,H,3;0,N requires C, 66-8; H, 7-6%). 

The p-nitrobenzoate was boiled for 30 min. with 5% alc. KOH (1-2 mols.). The resulting 
l-neomenthol (10-8 g.) distilled at 97-6°/10 mm., and had aj#’ — 8-82° (/ 0-5), ui?" 1-4638. The 
rotatory dispersion in abs. EtOH at 17° (c 2-0465, 7 2) was normal: [a]g — 16-2°, [«]p) — 20-7°, 
[%] 5461 — 24-2°, [a]p — 30-1°. The yield, referred to the original d/-neomenthol, was 16-4% of 
the calc. 

Derivatives of l-neoMenthol.—The following esters were made by allowing /-neomenthol 
(0-6 g.) to react with the acid chloride (slight excess) in anhyd. pyridine (4 c.c.), adding H,O 
and Et,O after 12 hr., washing the extract with dil. HCl, dil. NaOH, and H,O, and removing 
the unchanged neomenthol by steam distillation; the ester was dried in Et,O solution and 
recrystallised. The camphor-10-sulphonates were not exposed to steam, as they decompose 
under this treatment, apparently yielding menthene. 

l-neoMenthyl 3 : 5-dinitrobenzoate, owing to its moderate solubility in Et,0, was extracted 
with C,H,. It crystallises from EtOAc-rectified spirit in fine, faintly yellow needles, m. p. 
153°, [a]j?° — 23-9° (c 2-0220, in CHCI,) (Found: C, 58-5; H, 6-5%). 

l-neoMenthyl d-camphor-10-sulphonate separates from light petroleum (b. p. 60—80°) in 
glistening, cm.-long needles, m. p. 116° (decomp.); the optical rotatory dispersion in CHCl, 
at 18° (c 2-0125) appears to be slightly anomalous: [a]g + 5-3°, [a]p + 89°, [a] 546, + 12°3°, 
[a]p + 22-1° (Found: C, 64-7; H, 9-2. Cy 9H ;,0,S requires C, 64-8; H, 93%). 1l-neoMenthyl 
1-camphor-10-sulphonate separates from light petroleum in irregular cryst. aggregates, m. p. 
92° (decomp.). The optical rotatory dispersion at 18° (c 2-0190, in CHCl,) is normal: [a], 
— 38°5°, [a]p — 50°3°, [a] 546, — 61-3°, [a]p — 844° (Found: C, 64-6; H, 9-2%). 

l-neoMenthyl |-menthoxyacetate separates from MeOH in flat needles, m. p. 64° with normal 
rotatory dispersion (c 2-0140, ¢ 19°, in CHCl,): [a]g — 642°, [a]p — 81-1°, [a]546, — 95-3°, 
[w]e — 123-0° (Found: C, 75-0; H, 11:3. C,,H4y O, requires C, 74-9; H, 11-6%). 1-neo- 
Menthyl d-menthoxyacetate was obtained as a syrup, which slowly crystallised to colourless 
needles, m. p. 28-5°. The rotatory dispersion (c 2-0275, ¢ 19°, in CHCl;) was normal: [a], 
+ 25-1°, [a]p + 32-0°, [a] 546, + 37°1°, [a]e + 49-3° (Found: C, 74-9; H, 113%). 

Isolation of d-neoMenthol.—Crude d-neomenthol (27-8 g. with [«]p + 5-0°), regenerated from 
the first 4 mother-liquors of the first optical resolution described above, was converted into 
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d-menthoxyacetate in the usual way, with the acid chloride prepared from 1 mol. (38-2 g.) 
of d-menthoxyacetic acid. The yield of crude ester, after treatment with steam, was 91-4%, 
and 0-9 g. of d-menthoxyacetic acid was recovered. 

When recryst. 10 times from MeOH, 58-2 g. of the crude ester gave 7-2 g. with [«],) + 80-9°, 
and the material recovered from the last mother-liquor had [a]) + 78-0°. 

When heated under reflux for 1 hr. with 1% alc. KOH (1-2 mols:), the ester having [a], 
+ 80-9° yielded d-neomenthol (1-8 g.), together with unchanged material (1-2 g.). The d-neo- 
menthol was a colourless liquid, b. p. 87°/8 mm., m}?" 1-4638, aj!" + 8-65° (/ 0-5), and was thus 
not quite optically pure. 

In recovering crude d-neomenthol and /-menthoxyacetic acid from a large quantity (200 g.) 
of impure d-neomenthy] /-menthoxyacetate, the ester was boiled for 20 min. with 1% alc. KOH 
(800 c.c.; 0-2 mol.). Six further additions of KOH (5-1 g. each time), dissolved in a little H,O, 
were made to the boiling alc. solution at intervals of 20 min., and the solution was then boiled 
for 1 hr. The recovered d-neomenthol had [a], + 5-0° (c 2, in EtOH), and the amount of 
unchanged ester was small (6-9 g.). 


We thank the Carnegie Trust for a Scholarship and Fellowship awarded to one of us (W. J. G.). 
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51. Researches in the Menthone Series. Part XI. Diagnosis and 
Characterisation of the Stereoisomeric Menthols. 


By JouN READ, WILLIAM J. GRUBB, and DAviID MALCOLM. 


THE isolation and diagnosis of the stereoisomeric menthols have depended mainly upon 
the use of their hydrogen phthalates and hydrogen succinates, which were introduced for 
this purpose by Pickard and Littlebury (J., 1912, 101, 109). The separative processes 
may include fractional esterification (Eng. Pat. 297,019) or fractional saponification 
(Zeitschel and Schmidt, Ber., 1926, 59, 2303), as well as fractional crystallisation. Among 
other derivatives, the phenylcarbamates, which are usually crystalline solids melting 
above 100°, have been used a good deal in the characterisation of menthols. 

We have extended (see table) the range of derivatives applicable in the diagnosis and 
separation of these stereoisomerides. The rotatory powers were determined under similar 
conditions (c 2, in chloroform). 


l-Menthyl. l-neoMenthyl. d-isoMenthyl. 
M. p. [a]p. M. p. [a]p. M. p. [a]p. 
d-Camphor-10-sulphonate 125°5° — 20°9° 116° + 89° 30—31° +35°4° 
(decomp. 153°) (decomp.) (decomp. 138°) 
/-Camphor-10-sulphonate 47 — 776 —50°3 33—34 —20°7 
(decomp. 153) . (decomp. 138) 
d-Menthoxyacetate 91°5 + 67 . +32°0 liquid +70°8 
/-Menthoxyacetate 60 —109°9 —81°l liquid —48°2 
p-Nitrobenzoate — 761 95 —17°9 54 +24°9 
(di 91) : (di 64°5) 
3 : 5-Dinitrobenzoate 153 — 79°4 —23°9 145 +26°5 
(di 121) (di 130) (di 130) 
B-Naphthoate 77 — 69°5 — — liquid +22°3 
(di 70) (di 98) (di liquid) 


l-Menthyl d-camphor-10-sulphonate is one of the most distinctive of all the derivatives 
of /-menthol. With its aid, small amounts of /-menthol may be detected in mixtures 
containing d-menthol and zsomenthols: d-menthyl and d- or J-isomenthyl d-camphor-10- 
sulphonate are readily removed by fractional crystallisation, and the relatively insoluble 
l-menthy] ester is then identified by the melting point, decomposing point, rotatory power, 
and characteristic crystals deposited from cold ethyl acetate (J., 1931, 190). The anti- 
meric ester, d-menthyl /-camphor-10-sulphonate, may be used similarly in identifying 
d-menthol. As indicated below, this diagnostic method has been applied inter alia to 
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establish the presence of (i) d-menthol in crude d-isomenthol derived from /-piperitone, 
and (ii) d/-menthol in a purified specimen of commercial d/-isomenthol. 

l-Menthyl d-camphor-10-sulphonate does not separate so readily from the neomenthyl 
as from the isomenthyl camphor-10-sulphonates; the melting- and decomposing-points 
of the mixtures are much lower than those of pure d-menthyl d-camphor-10-sulphonate. 
When the neomenthyl camphor-10-sulphonates are heated with light petroleum, decom- 
position may occur with the production of an insoluble deposit of camphor-10-sulphonic 
acid. d-Menthyl and /-menthyl d-«-bromocamphor-z-sulphonates have no pronounced 
diagnostic value. 

The menthoxyacetates are particularly useful in resolving d/-menthol (J. Soc. Chem. 
Ind., 1932, 51, 329T) and di-neomenthol (preceding paper). Menthol may be conveniently 
separated from a menthol—-menthene mixture (cf. J., 1927, 1280; 1931, 193) by conversion 
into p-nitrobenzoate or 3 : 5-dinitrobenzoate; the menthene is then removed by steam 
distillation, and the menthol recovered from the residual ester by hydrolysis. 

The molecules of the menthyl menthoxyacetates and camphor-10-sulphonates possess 
two types of asymmetric radical, derived from the alcohol (d and 2) and the acid (D and L), 
respectively. Interesting data, bearing upon the so-called principle of optical super- 
position (cf. Tvans. Faraday Soc., 1930, 26, 441), are derived by assuming that each type 
of radical contributes a constant numerical quota to the optical rotatory powers of the 
diastereoisomeric molecules in which it occurs. On this assumption, the mean (— 49-3 
units) of the values of [«]p (c 2, chloroform) for /-menthyl d-camphor-10-sulphonate (/ — D) 
and /-menthy]l /-camphor-10-sulphonate (/ — L) may be taken as the quota of the /-menthyl 
radical, and the mean of the values for d — L and / — L (— 28-4 units) as the quota of 
the /-camphor-10-sulphonyl radical in these compounds; and similarly for the menthoxy- 
acetates. A summary of data calculated in this way is appended : 





Alcohol radical. 





Acid radical. 











In menthoxy- In camphor- In menthoxy- In camphor- Free alcohol 
acetates. 10-sulphonates. acetates. 10-sulphonates. (in EtOH). 
Menthols ............ 58°3 28°4 51°6 49°3 50°0 
neoMenthols ...... 56°6 29°6 24°6 20°7 20°7 
isoMenthols ......... 28°1 11°3 74 25°9 









The quota of the menthoxyacetyl radical is sensibly constant in the three series of 
derivatives, as is also that of the camphor-10-sulphonyl radical. The quota of the menthyl 
radical is almost the same in the menthoxyacetates and the camphor-10-sulphonates ; 
and a similar relationship holds for the neomenthyl radical. These two sets of values 
appear also to be related to the optical rotatory effects of the free alcohols. The values 
for the isomenthyl radical do not accord so closely. It is evident that the numerical 
relationships here summarised could be applied to calculate the approximate rotatory 
power of the second diastereoisomeride from that of the first, 7.e., by utilising the value 
derived for the acid radical from the esters of one of the other menthols. 

The optically active neomenthols used in this investigation were prepared by resolving 
dl-neomenthol with d- and /-menthoxyacetyl chloride (preceding paper). No optical 
resolution of dl-isomenthol has yet been recorded, and we now show that neither of the 
methods which have recently been devised for the resolution of d/-menthol (J., 1931, 188; 
J. Soc. Chem. Ind., 1932, 51, 3291) is applicable to dl-isomenthol. The requisite d-iso- 
menthol was therefore prepared from /-piperitone by a modification of the method of 
Read, Robertson, and Cook (J., 1927, 1280). The crude d-isomenthol prepared by this 
method has now been shown to contain some d-menthol, derived probably from d-menthone 
produced in the hydrogenation of the original /-piperitone: this possibility had been 
foreseen (compare Chem. Reviews, 1930, 7, 20). Accordingly, the d-isomenthylamine 
concerned in the process was purified by repeated fractional crystallisation of salicylidene- 
d-isomenthylamine, a derivative which is less soluble than any of its stereoisomerides 
(J., 1926, 2225); the derived d-isomenthol was then purified through the 3: 5-dinitro- 
benzoate. The optical purity of the resulting d-isomenthol is unquestionable, and the 
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physical constants are only slightly different from those recorded by Read, Robertson, 


and Cook (loc. cit.). 
EXPERIMENTAL. 


Purification of dl-isoMenthol_—Somewhat impure d/-isomenthol, m. p. 50-5—51-5°, reacted 
with d-camphor-10-sulphony] chloride to yield an ester (16-0 g.), which crystallised partly after 
several days. The fraction (0-5 g.) obtained after 4 recrystns. from EtOH had m. p. 100— 
105°, [a]p + 3-0° (c 2, in CHCl,), and decomposed at 152°. A further slow recrystn. from 
EtOAc yielded characteristic crystals of /-menthyl d-camphor-10-sulphonate (J., 1931, 191). 
The original material thus contained d/-menthol. 

This impure di/-isomenthol was converted into the p-nitrobenzoate. The pure ester, m. p. 
64-5° after 4 recrystns. from abs. EtOH, was boiled with 5% alc. KOH : it yielded d/-isomenthol, 
b. p. 97-4°/10-5 mm., m. p. 53—54° in a thin capillary tube when the temp. was raised 
2° per min. No dl-menthol could be detected in the purified material, which appeared to be 
identical with a specimen of carefully purified d/-isomenthol kindly supplied by Messrs. Howards 
and Sons. The latter specimen consisted of short opaque needles, for which the following 
constants were stated: b. p. 218-5—218-6°/760 mm.; m. p. 53-5—54-5°; hydrogen phthalate, 
m. p. 117°. When observed under the conditions stated above, the m. p. of this specimen was 
identical with that of the material purified through the p-nitrobenzoate. Both specimens 
were optically inactive (c 2, / 2, in EtOH). 

Various esters were prepared and purified (preceding paper) from d/-isomenthol which had 
been purified through the p-nitrobenzoate. dl-isoMenthyl p-nitrobenzoate separates from abs. 
EtOH as a yellowish cryst. powder, m. p. 64-5° (Found: C, 66-9; H, 7-5. C,,H,,0,N requires 
C, 66-8; H, 7-6%), and the 3 : 5-dinitrobenzoate in minute yellowish needles, m. p. 130° (Found : 
C, 58:3; H, 6-3. C,,HO,N, requires C, 58-3; H, 63%). A mixture of the latter with the 
stereoisomeric dl-neo-derivative melted at 108—112°. 

The $-naphthoate is a syrup. The /-menthoxyacetate, when distilled in vac., formed a 
yellow oil, more mobile than d-tsomenthyl d- and /-menthoxyacetate, b. p. 206—207°/9 mm., 
[a}ii° — 57-3° (c 2, in CHCl,). Equiv. amounts of dl-isomenthol and /-menthoxyacety] chloride 
were used in this prepn.; since the unchanged isomenthol (removed by steam distillation) 
had [a], — 3-4° (c 2, in EtOH), d-isomenthol reacts more rapidly than /-isomenthol with /- 
menthoxyacetyl chloride. The ester obtained by the interaction of dl-isomenthol and d- 
camphor-10-sulphonyl chloride in pyridine was a viscid mass, having [a]p + 27-5° (c 2, in 
CHCl,). Owing to the ready solubility of this product in org. solvents, a separation of the 
constituent diastereoisomeric esters was impracticable. The unused and recovered isomenthol 
had [a]p + 7:2° (c 2, in EtOH), and thus /-isomenthol reacts more rapidly than d-isomenthol 
with d-camphor-10-sulphonyl chloride. 

d-isoMenthol and Derivatives.—d-isoMenthol was prepared from d-isomenthylamine hydro- 
chloride (J., 1927, 1279) having [a«]p + 23-0° (c 2, in H,O). The fraction of b. p. 94—95°/11 
mm. crystallised on cooling, and was used without further purification in preparing d-isomenthyl 
l-camphor-10-sulphonate. The resulting yellow oil (5-2 g.) crystallised slowly and had [a]p 
— 18-3° (c 2, in CHCl,). After seven crystns. from EtOH it yielded 0-2 g. of d-menthy]l /- 
camphor-10-sulphonate, m. p. 124—125°, [«]p + 20-9° (c 2,in CHCl;). Hence the d-isomenthol 
contained a little d-menthol. 

In the prepn. of d-isomenthol of undoubted purity for this work, d-isomenthylamine was 
purified by fractional crystn. of the salicylidene derivative instead of the hydrochloride: 350 
g. of crude d-isomenthylamine hydrochloride yielded 433 g. of the salicylidene derivative, 
which after seven crystns. from rectified spirit gave 151 g. of pure salicylidene-d-isomenthyl- 
amine, m. p. 122°, [a]p + 78-2° (c 2, in CHCl,); the sixth separation had [a], + 78-2°, and 
the solid from the last mother-liquor had [«], + 78-1°. Upon hydrolysis (J., 1927, 2172), 
147 g. of this salicylidene derivative gave 103-2 g. of d-isomenthylamine hydrochloride, [«]}7 
-+ 24-6° and + 24-0°, mean value + 24-3° (c 1-6395 and 2-4085, / 2, ai” + 0-807° and + 1-155°, 
in H,O). The yield of the pure hydrochloride was 27% of the crude salt, which had [a]p + 15-0°; 
by direct crystn. of the hydrochloride, Read and Robertson (J., 1926, 2222) obtained a 33% 
yield from a crude hydrochloride with [«], + 20-6°, the purified substance having [«]) + 23-6°. 

Upon treatment with HNO, (J., 1927, 1280), 102-7 g. of d-isomenthylamine hydrochloride 
gave 53-0 g. of the usual menthol—menthene mixture; the d-isomenthol fraction (32-1 g.) was 
collected at 67—83°/10 mm. This product was shown, by treating a portion of it with /- 
camphor-10-sulphony] chloride in pyridine (J., 1930, 2769), to contain traces of d-isomenthy]l- 
amine; thus, the steam distillate from the HNO, reaction should be carefully washed with dil. 
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acid in such cases. Another portion of the crude d-isomenthol was washed with dil. acid and 
converted into the 3: 5-dinitrobenzoate;* after three recrystns. from abs. EtOH—EtOAc 
(1:1), pure d-isomenthyl 3: 5-dinitrobenzoate was obtained in fine, faintly yellow needles, 
m. p. 145°, [«Jif + 26-5° (Found: C, 58-2; H, 6-3. C,,H,,0,N, requires C, 58-3; H, 6-3%). 

The ester was boiled for an hr. with 5% alc. KOH (1-2 mols.); the d-isomenthol isolated 
distilled completely at 96-2—96-8°/10 mm. and formed a hard, white, cryst. solid, m. p. 82-5°. 
The rotatory dispersion was normal (c¢ 2-0305, ¢ 17°, / 2, in EtOH): a + 0-82°, [ale + 20-1°; 
ap + 1-053°, [a]p + 25-9°; asa, + 1:248°, [x] 546, + 30°7°; ap + 1-636°, [x]p + 40-2°. The 
values recorded by Read, Robertson, and Cook (J., 1927, 1280) were m. p. 81-5°, [a]p + 27-0° 
(c 1-8, in EtOH). 

d-isoMenthyl p-nitrobenzoate crystallises from rectified spirit in small, pale yellow needles, 
m. p. 54°, [a]}>° + 24-9° (c 2, in CHCI,) (Found: C, 67-0; H, 7-5. C,,H,,;0,N requires C, 66-8; 
H, 7-6%). d-isoMenthyl /-menthoxyacetate forms a yellowish syrup, [a]}3° — 48-2° (c 2, in 
CHCI,); d-isomenthyl d-menthoxyacetate is similar in appearance, [«]}?° + 70-8°. 

d-isoMenthyl d-camphor-10-sulphonate, prepared as usual and freed from d-isomenthol by 
steam distillation, was obtained as a syrup which soon crystallised. It melts at 30—31° and 
decomposes at 138°, forming menthene; [«]}° + 35-4° (c 2, in CHCl,). It is too sol. to permit 
of recrystn. (Found: C, 65-0; H, 9:2. C,.9H,,0,S requires C, 64-8; H, 93%). d-isoMenthyl 
l-camphor-10-sulphonate resembles its diastereoisomeride, m. p. 33—34°, decomp. 138°, [a]j>” 
— 20-7° (Found: C, 65-2; H, 93%). The @-naphthoate is a stiff syrup, [«]}/° + 22-3° (c 2, 
in CHC],). 

Derivatives of |-Menthol.—_l-Menthy] p-nitrobenzoate is readily sol. in Et,0 and only moder- 
ately in EtOH. It crystallises from rectified spirit, containing a little EtOAc, in small yellowish 
needles, m. p. 61—62°, [a]}i® — 76-1° (c 2, in CHCl,) (cf. J. Russ. Phys. Chem. Soc., 1902, 34, 
615; J., 1905, 87, 1191). /-Menthyl 3: 5-dinitrobenzoate is moderately sol. in warm light 
petroleum, acetone, or EtOH. It crystallises from warm EtOAc in faintly yellow needles, 
m. p. 153°, [a]j®* — 79-4°, [x]!§, — 94-5° (c 2, in CHCI,) (cf. J., 1906, 89, 1481; 1915, 107, 57). 
l-Menthyl $-naphthoate dissolves readily in most of the common org. solvents; it is not very ° 
sol. in rectified spirit, but crystallises from abs. EtOH in colourless plates, m. p. 77°, [«]}j° — 69-5° 
(cf. Tschugaev, J. Russ. Phys. Chem. Soc., 1902, 34, 606). /-Menthyl d-«-bromocamphor-z- 
sulphonate, prepared by warming /-menthol with d-«-bromocamphor-z-sulphonyl chloride 
(J., 1895, 67, 357) in pyridine, forms a glass, [«]}j° + 27-9°. 1-Menthyl 1-«-bromocamphor-zx- 
sulphonate separates from light petroleum in irregular cryst. masses, m. p. 96—97°, [«]}}° — 109-2° 
(Found: C, 53-4; H, 7-5. C,9H,,0,BrS requires C, 53-4; H, 7-4%). 

Derivatives of dl-Menthol.—dl-Menthyl d-«-bromocamphor-z-sulphonate, m. p. 34—36°, 
forms a glass, [«]jj’ + 68-1° (c 2, in CHCl,). dl-Menthyl p-nitrobenzoate is only moderately sol. 
in EtOH; it crystallises slowly from EtOAc in large, yellowish, doubly-terminated prisms, 
m. p. 91°, but if the solution is stirred it is pptd. rapidly as a microcryst. powder (Found: C, 
67-0; H, 7-6%). dl-Menthyl 3 : 5-dinitrobenzoate is more sol. than the corresponding /-menthyl 
ester; it is deposited from hot EtOAc as a faintly yellow, cryst. powder, m. p. 121° (Found : 
C, 58-3; H, 63%). Mixtures with the stereoisomeric di-neo- and dl-iso-derivative melted, 
respectively, at 106—110° and 120—123°. dl-Menthyl 8-naphthoate was isolated as an oil, 
which slowly crystallised when treated with dry Et,O. It separates from abs. EtOH as a 
cryst. powder, m. p. 70° (Found: C, 81-0; H, 8-1%). 
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52. Some Walden Inversion Reactions of the p-Toluenesulphonic and 
p-Toluenesulphinic Esters of 1-Phenylmethylcarbinol. 


By Jos—EPpH Kenyon, HENRY PHILLIPs, and FRANK M. H. TAYLOR. 


THE p-toluenesulphonates of d-benzylmethylcarbinol and of /-menthol (Phillips, J., 1923, 
123, 44; 1925, 127, 2566), of ethyl d-lactate (Kenyon, Phillips, and Turley, J., 1925, 127, 
399) and of the «- and ®$-methylcyclohexanols (Gough, Hunter, and Kenyon, J., 1926, 


* 3: 5-Dinitrobenzoyl chloride appears to crystallise from C,H, with 1 mol. of solvent. 
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2052) have all been shown to react with ethyl alcohol and salts of carboxylic acids with 
inversion, the #-toluenesulphonoxy-anion being replaced by the entering anion : 


+— a 
RO:SO,°C,H, + HOEt = ROEt + HO-SO,-C,H, 


A similar study has now been made of the reactions of a #-toluenesulphonate of an optically 
active «-hydroxy-compound containing a phenyl group directly attached to the asymmetric 
carbon atom, because McKenzie and Clough (J., 1910, 97, 1016, 2564) have shown that the 
stereochemical changes which occur during the reactions of such compounds may differ 
from those which take place during the reactions of purely aliphatic compounds. 
Considerable difficulty has been encountered in the preparation of a suitable #-toluene- 
sulphinate, since both ethyl /-mandelate and /-phenylmethylcarbinol do not react smoothly 
with #-toluenesulphonyl chloride. Phenylmethylcarbinyl #-toluenesulphinate (Kenyon 
and Phillips, J., 1930, 1676), although relatively unstable, underwent oxidation with ease, 
but the resulting sulphonate was so reactive that its isolation in the pure state was not 
possible. In this respect it apparently resembles benzyl #-toluenesulphonate (Medvedev 
and Alexeeva, Ber., 1932, 65, 131), which can only be preserved in a vacuum over calcium 
chloride for a week, and decomposes within 20 minutes when sulphuric acid is used as the 
acying agent. The only feasible method of utilising phenylmethylcarbinyl #-toluene- 
sulphinate was therefore to oxidise it with hyperol (urea perhydrate, an anhydrous oxidising 
agent which can be used in absence of water) in a solution of the reagent with which the 
sulphonate produced would react. The experimental results are given in the following 


scheme : 


j. 
C,H, SOC Ph EtOH + saa 


]- 
Ph. . -H H 
Me>*<oH * Me>&<0.S0-C,H, PhsoH, 


ine [#0 (Hyperol) {x + EtBr 
l- 





1. 


| 
Ph_.-H Ph. .-H Ph. .-H 
Me>"<OAc Me><0-S0,°C,H, Me><ort 


O56, — 94:20°* @5461 — 88-88° 
LiCl £0, 
co 7Co 


ie OEt 
Phsc<0 Pho Pic 
25461 + 11: 00° 25461 + 1. 08° Gs5161 + 18- 00° 


1 Kenyon and Phillips, Joc. cit. 
* All observed rotations were actually determined in tubes of 25 mm.: they are recorded in the 


theoretical portion of this paper as for tubes of 100 mm. 


Since, during the preparation of the /-sulphinate from the /-alcohol, the four bonds of the 
asymmetric carbon atom can be assumed to remain undisturbed, the /-sulphinate has the 
same configuration as the /-alcohol. This assumption is in agreement with the recovery 
of the /-alcohol by alcoholysis of the ester without alteration in sign or magnitude of 
rotatory power. Further, the oxidation of the /-sulphinate involves merely the addition 
of an oxygen atom to the sulphur atom of the #-toluenesulphinoxy-group, a change which 
is unlikely to-lead to inversion. The /-sulphonate obtained, therefore, has the same 
configuration as the /-alcohol. Other reactions in the above scheme, which for similar 
reasons can be considered to have been unattended by configurative change, are the 
esterification of the /-alcohol with acetic anhydride and the formation of the ethyl ether by 
the action of ethyl bromide on the potassio-derivative of the /-alcohol; levo-phenyl- 
methylcarbinyl acetate and levo-«-phenyldiethyl ether have therefore the same con- 
figuration as the /-alcohol. 

The interaction of the /-sulphonate with acetic acid and with ethyl alcohol led respect- 
ively to the formation of a dextro-acetate and a dextro-ethylether. Both of these reactions 
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must therefore have been accompanied by a Walden inversion; in addition they were 
accompanied by some racemisation, which was more pronounced than that occurring 
during similar reactions of the #-toluenesulphonates of the purely aliphatic alcohols (loc. 
cit.). -Butyl alcohol and the /-sulphonate reacted also with inversion to give dextro- 
a-phenylethyl u-butyl ether, a54¢, -+ 20-44°, since a levo-n-butyl ether, «54g, — 76-80°, 
was obtained by the action of n-butyl bromide on the potassio-derivative of the /-alcohol. 

When refluxed, in the presence of potassium carbonate, with an ethyl-alcoholic solution 
of lithium chloride, the /-sulphonate gave a levo-ethy] ether, «;4,, — 8-0°. Since the same 
reactants without lithium chloride gave a dextro-ether, the levo-ether obtained arose 
from dextro-«-chloroethylbenzene, produced by the interaction of the /-sulphonate with 
lithium chloride. In this connection, Kenyon and Phillips (loc. cit.) have shown that a 
levo-ethyl ether is produced when this dextro-chloride is heated under reflux with ethyl 
alcohol. 

Dextro-«-chloroethylbenzene was also obtained, and in this case isolated, from the 
products of the interaction of the /-sulphonate with lithium chloride in acetic anhydride 
solution. 

In the reaction scheme above, the production of the dextro-chloride from the /-sulphon- 
ate is assumed to occur with inversion for the following reasons. (a) The reaction between 
the /-sulphonate and acetic acid is essentially similar to that of the reaction between the 
ester and lithium chloride, because in both reactions the #-toluenesulphonoxy-anion is 
replaced by anions (acetate and chloride). Since it is known that the replacement by the 
acetate anion proceeds with inversion, it is likely that a similar replacement by the chloride 
anion also proceeds with inversion. (b) A dextrorotatory chloride is obtained by the 
interaction of the /-sulphinate with chlorine (Houssa and Phillips, J., 1932, 1232). There 
are reasons to suppose that this type of reaction is attended by inversion (Houssa, Kenyon, 
and Phillips, J., 1929, 1700). (c) The assumption agrees with the interpretation of the - 
influence of pyridine on the interaction of the /-alcohol with thionyl chloride (Kenyon, 
Phillips, and Taylor, J., 1931, 382). 

Provided the entering group is made available in the anionic state, the products of all 
the reactions studied thus show that /-phenylmethylcarbiny] p-toluenesulphonate undergoes 
replacement reactions in a similar manner to those sulphonic esters in which the asym- 
metric carbon atom is not directly linked to a phenyl group. 

Walden Inversion Reactions of Phenylmethylcarbinyl p-Toluenesulphinate.—The 
p-toluenesulphinates of purely aliphatic and hydroaromatic alcohols do not yield ethers 
when heated with alcohols, or carboxylic esters when heated in solution with salts of 
carboxylic acids. Thus, ethyl #-toluenesulphinate yields only d-8-octyl and /-menthyl 
p-toluenesulphinates when heated respectively with d-$-octanol and /-menthol, and these 
two alcohols can be recovered when the #-toluenesulphinates are heated with excess of 
ethyl alcohol containing potassium acetate. Further, whereas the #-toluenesulphonates 
of these alcohols give carboxylic esters with inversion when heated with carboxylic acids, 
investigations at present in progress have shown that under the same conditions their 
p-toluenesulphinic esters yield carboxylic esters without either loss of rotatory power or 
change in configuration. 

In contrast to the behaviour of these #-toluenesulphinic esters, /-phenylmethylcarbinyl 
p-toluenesulphinate was found to undergo inversion reactions, particularly with acidic 
reaction mixtures. 


l-. l-. dl-. 
Ph. H  _BOH+ Ph. +HOAc = Ph ._H 
Me>“<oH “ico, Me?<o-so-c,H, ~~? Me><OAc 
ene pening or ey + 
|= AA LiCl + K,CO, 
3 


+ EtOH 


d-. 
ae ee 
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Thus, in the absence of potassium carbonate, which neutralises the acids liberated by 
side reactions during the alcoholysis of the ester, the /-sulphinate was converted by boiling 
ethyl alcohol into dextro-a-phenyldiethyl ether with «;4,, + 2-08°. The production of a 
dextro-ether in this manner was not due to the atmospheric oxidation of the /-sulphinate 
to the /-sulphonate, since an ether of the same sign of rotation was produced when the air 
above the reaction mixture was replaced by nitrogen. A dextro-ether was obtained also 
when ethyl-alcoholic solutions of /-phenylmethylcarbinol containing either #-toluene- 
sulphinic or -sulphonic acid were heated under reflux. In each case the ether probably 
arose from the ester of the secondary alcohol. 

A levo-ethyl ether was produced, however, when the /-sulphinate was heated under 
reflux with an ethyl-alcoholic solution of lithium chloride. Dextro-«-chloroethylbenzene 
was probably the initial product of this reaction and was converted by the ethyl alcohol 
into the levo-ethyl ether. The production of the dextro-chloride from the /-ester in this 
manner is not inhibited by the presence of potassium carbonate. The interaction of the 
l-sulphinate with lithium chloride thus appears to be an inversion reaction which the 
ester will undergo in the absence of acids. 

Since the potassio-derivative of the /-alcohol yields a levo-ether when treated with ethyl 
bromide (/oc. cit.), the dextro-ethers obtained in these reactions arise with inversion, and, 
for reasons already given, it is probable that the formation of the dextro-«-chloroethyl- 
benzene and its conversion into the levo-ether are both reactions attended by a change in 
configuration. 

In acetic acid solution the /-sulphinate passed smoothly to the corresponding dl-acetate. 
Although the replacement reactions involving optically active radicals containing phenyl 
groups frequently occur with some racemisation, the cause of this total loss of rotatory 
power is obscure. 

During its attempted oxidation the /-sulphinate isomerised to the sulphone more readily 
in solutions which may have contained acids than in those maintained neutral by potassium 
carbonate. This is in harmony with the greater readiness with which the #-toluene- 
sulphonoxy-group is replaced under acid conditions and it would therefore appear likely 
that both the isomerism and the replacement reactions are catalysed by hydrogen ions. 


EXPERIMENTAL. 


d-Phenylmethylcearbinol [«,,,, — 13-15° (7 = 0-25)] was prepared by Houssa and Kenyon’s 
method (J., 1930, 2260). In the description of the expts. the rotatory power of the alcohol 
used is only given when it was less than the above value. 

Interaction of Optically Active Phenylmethylcarbinol with Ethyl-alcoholic Solutions of p-Toluene- 
sulphinic and p-Toluenesulphonic Acids.—(i) p-Toluenesulphinic acid. EtOH was slowly 
distilled from a solution of the /-alcohol (12 g.) and p-toluenesulphinic acid (33 g.; 2 mols.) 
in EtOH (300 c.c.) into a flask, containing anhydr. K,CO, and so heated that the dried EtOH 
was returned continuously to the reaction mixture, which, after 6 hr., was distilled in steam. 
From the steam distillate, dextro-«-phenyldiethyl ether (5 c.c.), b. p. 75—79°/18 mm., O61 
-+ 6-18° (2 = 0-25), and /-phenylmethylcarbinol (5 c.c.) were isolated. The ether was freed from 
possible traces of the /-alcohol by treatment with phthalic anhydride. It then had b. p. 73°/ 
19 mm. and a,,,, + 7°53° (J = 0-25). A cryst. mass (16-3 g.) separated from the non-volatile 
portion of the reaction mixture. After recryst. it had m. p. 75°, alone or when mixed with 
di-p-tolyl disulphoxide. 

(ii) p-Toluenesulphonic acid. The above expt. was repeated with a solution of the d-alcohol 
[10 g., o&54¢, + 5°03° (7 = 0-25)] and p-toluenesulphonic acid (15 g.) in EtOH (300c.c.). The main 
products were levo-a«-phenyldiethyl ether (6 C.c.), 544, — 1-01° (J = 0-25), and dl-phenyl- 
methylcarbinol (1-5 c.c.)._ No non-volatile products were obtained. 

The Interaction of \1-Phenylmethylcarbinyl dl-p-Toluenesulphinate with Glacial Acetic Acid, 
Ethyl Alcohol, and Lithium Chloride —(i) With glacial acetic acid. J-Phenylmethylcarbiny] 
dl-p-toluenesulphinate (10 g.), prepared by the action of p-toluenesulphinyl chloride on the 
l-alcohol in the presence of pyridine (Kenyon and Phillips, Joc. cit.), was dissolved in ACOH 
(40 c.c.) which had been dried by repeated fractional cryst. N was slowly passed through the 
flask containing the solution and, after 12 hr. at laboratory temp., the flask was heated on a 
steam-bath for 12 hr. The reaction mixture was poured into Na,CO, aq., and the insol. oil 
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extracted with Et,O. From the dried extract, dl-phenylmethylcarbinyl acetate (3 g.) was isolated ; 
b. p. 105°/15 mm., n?® 1-5045 (Found : C, 73-2; H, 7-3. C,9H,,0, requires C, 73-2; H, 7-3%). 
A small higher-boiling residue crystallised on cooling and was identified as d/-p-tolyl-«- 
phenylethylsulphone, m. p. and mixed m. p. 133—134° (Kenyon and Phillips, Joc. cit.). 

/-Phenylmethylcarbinyl acetate prepared by the action of Ac,O (3 g.) on the /-alcohol [ass 
— 13-15° (J = 0-25); 5 g.] had b. p. 109°/18 mm., n’*” 1-5048, d?" 0-930, 54, — 23-55° (1 = 0-25), 
and [a];¢93 — 584° in EtOH (c = 5-60; / = 2-0). 

(ii) With ethyl alcohol. After the /-sulphinate (4-5 g.) had been heated under reflux for 50 hr. 
with EtOH (60c.c.), the alcohol was removed by distillation, and the residue dissolved in Et,O 
and washed with Na,CO,; aq. From the dried ethereal solution, «-phenyldiethyl ether (4 c.c.), 
b. p. 72—73°/18 mm., 54g, + 0°54° (/ = 0-25), was obtained, the rotatory power of which was 
unchanged after it had been heated with phthalic anhydride and then redistilled. 

When the above expt. was repeated with EtOH containing either KOAc or anhyd. K,CO,, 
a-phenyldiethyl ether was obtained in amount insufficient for isolation in the pure state, but 
detectable owing to its characteristic odour. Since traces of this ether were obtained whether 
the reaction flask contained air or N, it is probable that it arose from the sulphinate and not from 
the sulphonate produced therefrom by atmospheric oxidation. The main product of these 
reactions was the optically active alcohol, which was recovered without loss of rotatory power. 
In the presence of KOAc or K,CO, the sulphinate thus undergoes alcoholysis. 

(iii) With lithium chloride in ethyl-alcoholic solution. The /-sulphinate (10 g.) in EtOH 
(40 c.c.) containing LiCl (8 g.) and K,CO, (25 g.) was heated under reflux for 48 hr. in a slow 
stream of N. The mixture was then poured into H,O and the oily products were extracted with 
Et,O. From the dried extract, levo-«-phenyldiethyl ether (3-5 g.) was isolated, b. p. 80°/ 
15 mm., 718° 1-4978, 544, — 3-88° (1 = 0-25) (Found: C, 79-8; H, 9-2. Calc.: C, 80-0; H, 
9-3%). 

When the above reaction was carried out in the presence of air instead of N, the «-phenyl- 
diethyl ether obtained had b. p. 79°/14 mm., '* 1-4976, and a544, — 28° (J = 0-25). 

According to Kenyon and Phillips (loc. cit.), optically pure a-phenyldiethyl ether prepared 
by the action of EtBr on the potassium derivative of the /-alcohol has a;4,, — 22-22° (J = 0-25). 
It also has [«];g93 — 83-6° in EtOH (c = 6-4; / = 2-0). 

The Attempted Preparation and Isolation of Phenylmethylcarbinyl p-T oluenesulphonate and the 
Action of Air on the Corresponding Sulphinate.—Below 50°, either in presence or absence of 
pyridine, phenylmethylcarbinol did not react with p-toluenesulphonyl chloride. At about 
100°, reaction occurred with ease but, in the absence of pyridine, the sulphonate produced 
yielded phenylethylene, and in the presence of pyridine it reacted with the pyridine hydro- 
chloride simultaneously produced with the formation of «-chloroethylbenzene. The potassio- 
derivative of the alcohol also reacted vigorously with p-toluenesulphonyl chloride, but again 
the main product was phenylethylene. 

Quant. expts. showed that in C,H, solution the sulphinate was oxidised by air at the ordinary 
temp., but also isomerised to sulphone. Dry air, saturated with C,H, vapour, was drawn 
through (a) a solution obtained by making up the volume of 25 g. of the sulphinate to 50 c.c. 
with C,H,, (b) a similar solution containing K,CO, (10 g.)._ The rates of conversion of sulphinate 
into sulphone and sulphonate were ascertained by determining, on definite vols. of the two 
solutions from time to time, (i) the amount of NaOH required to hydrolyse completely the 
sulphinate and the sulphonate, (ii) the amount of Br absorbed by the sulphinate. Since other 
expts. had shown that in C,H, solution the sulphinate reacted with 1 mol. of Br, it was possible 
to calculate the required information, given in Table I, from the data thus obtained. 

These results show clearly that the isomerisation of the sulphinate to the sulphone is retarded 
by K,CO,, but even in its presence 40% only of the ester is oxidised to sulphonate. 

Although other expts. showed that the sulphinate at the ordinary temp. was oxidised by 
perhydrol almost quantitatively to the sulphonate, when the temp. of the sulphonate, in vac., 
was raised to remove phenylmethylcarbinol and other by-products, profound decomp. always 
occurred. 

The above expts. having shown that the sulphonate was a very unstable compound, it was 
decided to prepare the sulphonate in the presence of the substances with which it could react 
by oxidising the sulphinate with hyperol. 

The Interaction of 1|-Phenylmethylcarbinol p-T oluenesulphonate with Ethyl and n-Butyl Alcohols, 
Lithium Chloride, and Acetic Acid.—(i) With potassium carbonate and ethyl alcohol. A mixture 
of the /-sulphinic ester (10 g.; 1 mol.), hyperol (10 g.; 1 mol.), K,CO, (20 g.), and EtOH 
N 
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TABLE I. 


The Conversion of dl-Phenylmethylcarbinyl dl-p-Toluenesulphinate into the Corresponding 
Sulphonate and p-Tolyl-a-phenylethylsulphone. 
With K,CO,. Without K,CO,. 








Time, hrs. Sulphinate. Sulphonate. Sulphone. Sulphinate. Sulphonate. Sulphone. 
(Percentage of original sulphinate.) 
0 100 100 0 
6 80 77°5 6 
12 55 ‘ 3 11 
48 55 3é 21 
72 45 . in 30 
96 40 ri —- 


(50 c.c.) was kept for 12 hr., heated under reflux for 12 hr., and poured into H,O, from which the 
dextro-«-phenyldiethyl ether produced was extracted, dried, and distilled. It (3 g.) had b. p. 
80°/15 mm. 2!® 1-4979, ogg, + 4:50° (7 = 0-25). 

(ii) With potassium carbonate and n-butyl alcohol. A mixture of the /-sulphinic ester (15 g.), 
hyperol (10 g.), K,CO, (20 g.), and »-buty] alcohol (50 c.c.) was treated as described in (i) above. 
Most of the butyl alcohol was then removed and the less volatile residue was heated at 115° 
for 12 hr. with phthalic anhydride to convert any phenylmethylcarbinol or n-butyl alcohol it 
contained into the corresponding hydrogen phthalic esters. After these esters had been removed 
from the product by washing with dil. Na,CO, aq., it was diluted with Et,O, dried, and distilled. 
It (4 g.) proved to be dexiro-n-butyl a-phenylethyl ether, b. p. 102°/23 mm. (Found: C, 81-1; 
H, 9-9. C,,H,,O requires C, 81-0; H, 10-1%), m™*° 1-4961, a544, + 5:11° (7 = 0-25). 

l-n-Butyl «-phenylethyl ether was prepared as follows for comparison. Powdered K (1-6 g.) 
was dissolved in a solution of /-phenylmethylcarbinol (5 g.) in Et,O (50 c.c.), m-butyl bromide 
(4 g.) added, and the mixture heated under reflux for } hr. The ether produced was isolated 
and purified in a similar manner to that described above. The /-n-butyl «-phenylethy] ether 
obtained had b. p. 100°/21 mm., n*° 1-4958, a544, — 19-2° (/ = 0-25), [a];55, — 53-8° in EtOH 
(c = 7:20; 7 = 2-0). 

(iii) With lithium chloride and ethyl alcohol. A mixture of the /-sulphinic ester (15 g.), 
hyperol (10 g.), K,CO; (20 g.), LiCl (20 g.), and EtOH (50 c.c.) was treated as described in (i) 
above. The chief product isolated was levo-a-phenyldiethyl ether, b. p. 79°/14 mm., n'* 
1-4975, ds4g, — 2°0° (2 = 0-25). 

(iv) With lithium chloride and acetic anhydride. LiCl (10 g.) was added to a solution of the 
l-sulphinate (8 g.) and hyperol (8 g.) in Ac,O (30 c.c.). After 8 hr. the mixture was warmed 
for 4 hr. and then poured into dil. Na,CO; aq.; the pptd. oil was extracted and distilled. After 
redistillation of the two products until subsequent distillation left their refractive indices un- 
altered, they proved to be dextro-«-chloroethylbenzene, b. p. 75°/15 mm., n'®° 1-5297, as4¢) 
+ 027° (J = 0-25), and dextro-phenylmethylcarbinyl acetate, b. p. 105°/15 mm., »®® 1-5054, 
Ossg1 + 0-35° (2 = 0-25). 

In order to prove that the dextro-acetate thus obtained did not arise by the interaction of 
the a-chloroethylbenzene and Ac,O, a solution of levo-«-chloroethylbenzene [5 g., a54., — 4°3° 
(1 = 0-25)] and hyperol (1 g.) in Ac,O (30 c.c.) was treated in a similar manner to the solution 
described above. The levo-«-chloroethylbenzene (2-5 g.), b. p. 76°/16 mm., was recovered with 
Xsag, — 3°7° (J = 0-25), together with a trace of phenylmethylcarbinyl acetate. It is probable, 
therefore, that the dextroacetate isolated in the main exp. was produced from the /-sulphonate. 

(v) With acetic acid. WHyperol (10 g.) and the /-sulphinate (15 g.) were dissolved in ACOH 
(50 c.c.). After being kept for 12 hr. at laboratory temp., the solution was poured into dil. 
Na,CO, aq., from which the product was extracted with CH,Cl,. It was dextro-phenylmethyl- 
carbinyl acetate, with m'® 1-5047 and as4g, + 2°75° (7 = 0-25). 


Thanks are due to the Royal Society and Imperial Chemical Industries Ltd. for grants. 


BATTERSEA POLYTECHNIC, Lonpon, S.W. Ll. (Received, July 12th, 1932.] 
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53. The Rotatory Powers of the Chlorides produced by heating 
Certain Chloroformates in Solvents. 


By (Miss) Mary B. HARFoRD, JOSEPH KENYON, and HENRY PHILLIPs. 


THE decomposition of the chloroformates of ethyl /-mandelate and /-8-octanol, when 
heated, producing levorotatory chlorides (Kenyon, Lipscomb, and Phillips, J., 1931, 
2275; Houssa and Phillips, J., 1932, 108, 1232), RO-COC] = RCI + CO,, is of particular 
interest, since it probably occurs without inversion. On the other hand, when these 
chloroformates decompose in the presence of a tertiary base, the chlorides produced are 
dextrorotatory and an inversion of configuration occurs. In order to throw light upon the 
mechanism of the two processes, the decomposition of the two chloroformates in different 


solvents has been studied. 


Lzvo-8-octyl chloroformate and levo-ethyl phenylchloroformoxyacetate were prepared as 
previously described (loc. cit.); the levo-mandelic acid required was isolated from amygdalin * 
and both chloroformates were purified by distillation at less than 0-1 mm. 

In each expt., a solution of the ester (1 mol.) in the solvent (10 mols.) was heated at the lowest 
temp. at which a vigorous evolution of CO, occurred. When this ceased, the chloride produced 
was isolated by fractional distillation; the purity of the final fraction was checked by the deter- 
mination of its Cl content. The approx. temp. at which each decomp. occurred, the obs. 
rotatory power (/ = 1-0) and Cl content of the chloride obtained, and the dielectric const. 
(‘‘ International Critical Tables,’’ 1929, VI, 83) of the solvent used are given in Table I. 


TABLE I. 


The Observed Rotatory Powers of the Levo-chlorides obtained by the Decomposition of Laevo- 


ethyl Phenylchloroformoxyacetate and Levo-B-octyl Chloroformate in the Presence of - 
Solvents. 
Approx. Chloride obtained. Dielect. const. 
temp. of Duration ~—— of solvent 
Solvent. decomp. of decomp. as5461 (/ = 1°0). ch, %.- at 20°. 
Levo-ethyl phenylchloroacetate. 
Nitrobenzene 145—150° 45 min. 700° 
Benzonitrile 145—155 30 ==, 19°08 
Acetophenone 135—140 150 34:28 
m-Dinitrobenzene 110—130 150 48°96 
Bromobenzene 145—155 360 60°12 
p-Tolylethylsulphone 145 — 61-92 
Ethyl p-toluenesulphonate 140—150 60 66°28 
Decalin 170—180 slow 68°92 
Phenetole 150—160 90 min. 74°12 
Ethyl benzoate 155—165 vigorous 75°12 
150 = 57°4 
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Levo-B-chloro-octane. 


Nitromethane 105 30 min. 16°84 
Benzonitrile 120 vigorous 19°08 
p-Benzoquinone 135—140 30 min. 19°12 
Nitrobenzene 115—135 20 _,, 19°80 
a-Bromonaphthalene 140—150 60 ,, 20°04 
Diphenyl ether 130 vigorous 21°52 
Ethyl benzoate 145 60 min. 20°56 
Benzophenone 130—140 60 ,, 21-72 
a-Cyanonaphthalene 130 — 22-00 
Ethyl p-toluenesulphonate 140—150 60 ,, 22°08 
a-Nitronaphthalene 145 60 ,, 22°32 
None ? 130 14 hr. 17°50 

1 Kenyon, Lipscomb, and Phillips, /oc. cit. * Houssa and Phillips, Joc. cit. * Calc., 23°9%. 
* Calc., 179%. 

In repetition expts., in every case the same or almost the same rotatory power was observed, 
€.2., [%]54¢, 59°00° for ethyl phenylchloroacetate in bromobenzene and 19-8° for levo-8-chloro- 
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* The amount of levo-mandelic acid isolated from amygdalin (100 g.) by Kenyon, Lipscomb, and 
Phillips (Joc. cit.) was 20 g. and not 40 g. as stated. 
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octane in nitrobenzene. The max. obs. rotatory power («54.,) recorded for ethyl phenylchloro- 
acetate is 122-0° (J = 1-0) (Kenyon, Lipscomb, and Phillips, Joc. cit.), and for $-chloro-octane 
36-68° (J = 1-0) (Houssa, Kenyon, and Phillips, J., 1929, 1711). 

HCI was evolved during the decomp. of both esters, particularly the B-octyl ester. In order 
to estimate this, and also the CO, produced, the inactive chloroformate (about 1 g.; 1 mol.) in 
the solvent (10 mols.) was heated under reflux in a slow current of CO,-free air, which then passed 
through two wash-bottles containing 0-666N-NaOH. The absorbed CO, was determined by 
titration of the alkali with 0-1N-H,SO,, with phenolphthalein and methyl-orange as indicators, 
and the HCl produced was estimated in an aliquot portion of the alkali solution by Volhard’s 
method. The temp. of decomp. was more carefully regulated than in the expts. just described 
and, together with the time, is given in Table II. 


TABLE II. 


The Proportion of CO, to HCl evolved during the Decomposition of Ethyl Phenylchloroformoxy- 
acetate and $-Octyl Chloroformate in the Presence of Solvents. 


co, HCl Ester decomposed 
Temp. of Time, evolved, as %, of ester with liberation of 
Solvent. decomp. hr. taken. CO, + HCl. CO, alone. 


Ethyl phenyichioroformoxyacetate. 


Nitrobenzene 160° 18°03 ! 0°38 2 
Benzonitrile 160 15°67 1-09 
7 160 15°60 1:08 
Acetophenone 160 17°22 1°48 
Bromobenzene 150—160 17°90 1-91 
Ethyl p-toluenesulphonate 150—160 18°20 1:96 
Phenetole 18°11 2-02 
Ethyl benzoate 14°42 1°43 
a 18°20 2°61 
18°03 1:70 


1 chloroformate. 
21°30 
21:29 
21-69 
18°90 
22°40 
22-90 
19°32 
15°24 
22°20 
18°03 
20°60 6°80 
100° Ester decomposition would give: ! 18°15%. * 15°06%. *% 22°85%). 
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The CO, and HCl produced during each decomp. are also recorded in this table as percentages 
of the total ester taken. On the assumption that both esters, when they decompose, yield either 
the corresponding chloride and CO,, or HCl and CO, in equimolecular amounts, the total amount 
of ester decomposed during each reaction and the percentage of this amount decomposed with 
evolution of HCl as well as CO, have been calculated. The amount of the total ester converted 
into chloride has been obtained by difference. 


In Table II the solvents are arranged in the same order as those in Table I, where the 
order is that of increasing rotatory power of the chloride produced. The results obtained 
for the decomposition of levo-ethyl phenylchloroformoxyacetate in benzonitrile for 2-5 and 
3-5 hours and for the decomposition of levo-$-octyl chloroformate in nitrobenzene for 
2 hours at 150—160° and 125° respectively and in ethyl benzoate for hours at 150—160° 
and 135—140° respectively show that the experiments can be repeated to give fairly con- 
cordant results, which are not seriously influenced by small variations in the temperature at 
which the decompositions occur. The results obtained with d/-6-chloro-octane as solvent 
suggest that the products of the decompositions influence the course of the reactions. 

The amount of hydrogen chloride evolved during the decomposition of the esters varies 
only slightly from solvent to solvent. It is probable, therefore, that, though solvents may 
alter the rate at which the esters decompose, they have but little influence on their mode 
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of decomposition. Nevertheless solvents can effect large alterations in the magnitude of 
the rotatory power of the chloride obtained from the ethyl mandelyl ester, but only small 
alterations in the case of the chloride obtained from the £-octy]l ester. 

The behaviour of the levo-$-octyl ester is consistent with the view that it decomposes 
along two routes, one giving rise to octyl chloride with some racemisation but without 
inversion, the other to octylene and hydrogen chloride. Octylene is produced, to a greater 
or less extent, during all the reactions of levo-$-octyl derivatives that are known to occur 
with inversion. There is also considerable evidence for the assumption that during 
such reactions the §-octyl radical passes through the cationic state. The octylene 
therefore probably arises by the irreversible transformation of those cationic radicals which 
momentarily become free : 


H 
CHys~ 4 - C,H 
a H>C~ + Cl+ CO, —> “GyB>CH + HCl + CO, 


When the levo-f-octyl chloroformate decomposes to yield octylene and hydrogen chlor- 
ide, it is probable, therefore, that it is the inversion reaction which is being side-tracked : if 
this reaction occurred smoothly, it would yield either a racemic or a dextrorotatory chloride. 

The decomposition of the levo-ethyl mandelyl ester by a mechanism which leads either 
to a racemic or a dextrorotatory chloride cannot be side-tracked in a similar manner, 
because if this radical becomes free in the cationic state, it cannot pass into an unsaturated 
hydrocarbon. The cation may lose a proton, but, unless some involved change occurs to 
dispose of the residual organic radical, re to produce the racemic chloride is the 


vee 
EtO, coe’ + C140, = F = C<C0, Et + Or 


most likely sequel. On this view solvents influence wn magnitude of the rotatory power 
of the chloride obtained from the /-ethyl mandelyl ester mainly because they alter the 
amount of dextrorotatory chloride produced by the decomposition which may be accom- 
panied by inversion : they have little influence on the magnitude of the rotatory power of 
the chloride obtained from the levo-f-octyl ester because this type of decomposition is side- 
tracked. The magnitude and the sign of rotatory power of the chloride obtained from this 
ester are therefore determined by the type of decomposition which yields a levo-chloride 
and occurs without inversion. In the case of both esters it is possible that solvents do not 
influence the magnitude of the rotatory power of the chlorides produced by this type of 
decomposition. 


Thanks are due to the Royal Society and Imperial Chemical Industries, U’td., for grants. 
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54. A Study of the Polyhalides. Part IV. Reactions in the 
Absence of a Solvent. 


By HERBERT W. CREMER and DONALD R. DUNCAN. 


THE tendency of the polyhalides to dissociate into monohalides and halogen or halogen 
halide has a considerable influence on their reactions in the absence of a solvent. . Although 
some of these are apparently due to the reactivity of the solid polyhalide, yet in many cases 
the reacting substance is really one of the products of dissociation, usually the halogen or 
halogen halide. When the polyhalide reacts with another solid, one may be reasonably 
certain that reaction occurs through the vapour phase, 7.e., that the attacking substance is 
the halogen or halogen halide vapour given off by the polyhalide. When a gas acts on 
a solid polyhalide, however, both types of reaction are possible, reaction by way of the 
dissociation products being most frequent in the case of compounds of high dissociation 


pressure. 
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Several reactions are described in illustration of the above general statements. For 
instance, passage of air or carbon dioxide over a polyhalide removes the gaseous products 
of dissociation if their vapour pressure is sufficiently high, but otherwise has little effect. 
For a similar reason, the most stable monohalide may contaminate the product if the 
inert gas is replaced by one which has any chemical action on the polyhalide. 

Ammonia forms addition compounds with dibromoiodides (e.g., RIBr,,2NH,) if the 
dissociation pressure of the polyhalide is low (< 0-005 mm.) ; otherwise it reacts with the 
products of dissociation to give nitrogen tri-iodide: RIBr, == RBr-+ IBr; 3IBr + 
NH, —> 3HBr + NI,; HBr + NH, —> NH,Br (cf. J., 1930, 2750). Dichloroiodides 
apparently react similarly (Dobbin and Masson, J., 1885, 47, 60; 1886, 49, 850). Organic 
amines also form additive compounds with dibromoiodides, but these have not yet been 
investigated in detail. 

Ozone converts potassium dibromoiodide quantitatively into iodate (apart from about 
1°% of bromide formed as indicated above). The reaction is shown to be KIBr, + O, —> 
KIO, + Bry, and not KIBr, + 30, —> KIO, + Br, + 30,. If it be accepted that in the 
iodate crystal the iodine atom has a positive charge, the oxygen atoms being attached by 
semipolar bonds, this reaction indicates that the dibromoiodide has a similar structure, the 
bromine atoms being negatively charged and possibly attached to the iodine atom by 
singlet linkages. 

The consensus of recent opinion (Reade, J., 1926, 2528; 1929, 853; Gilbert, Goldstein, 
and Lowry, J., 1931, 1092; Cremer and Duncan, J., 1931, 2250) is in favour of a structure 
in which the least electronegative halogen in the polyhalide becomes the positively charged 
centre of the anion, and this is supported by many experiments now recorded in which 
halogens or halogen halides act upon a polyhalide. In general, this central atom is not 
replaceable by a more electronegative atom, whereas other atoms attached to it can be so 
replaced; for instance, chlorine will readily replace the bromine in potassium dibromo- 
iodide, but no trace of any iodine displacement can be detected: KIBr, + Cl, —> KICI, + 
Br,; similarly, although bromine will convert CsI,Br or CsI, into CsIBrg, it will not give 
CsBr;, neither will it react with CsIBr,. It seems probable that the central atom cannot 
be replaced directly, even by a more electropositive halogen. In one case in which this 
generalisation appears to fail, viz., RBr, + I, —~> RIBr, + IBr, it seems probable that the 
reaction takes place via the bromine molecule formed by dissociation, iodine bromide thus 
formed reacting with the resulting bromide. Similarly, the conversion of potassium 
tetrachloroiodide into chloride by the prolonged action of chlorine is attributable to the 
removal of iodine trichloride vapour, just as if chlorine were an inert gas (see above), for air 
or carbon dioxide has the same effect. 

It is remarkable that, although direct addition of halogens to a polyhalide often occurs 
(e.g., KICI, + Cl, —» KIC), no case is known in which a halogen halide can be added. 
This is probably due to the fact that such an addition would involve a change of sign of the 
more electropositive atom in the addendum. The formation of interesting mixed higher 

Fae 
polyhalides | ¢e.g., CsICl, -+- IBr —~> Cs* |CLI*I~ | is thus precluded. 
\ Br- 

The formation of polyhalides by addition of halogens to monohalides has been investig- 
ated in greater detail than in Part I, with especial attention to thermodynamic consider- 
ations. The equilibrium product should depend only on the total composition of the 
system, and this is confirmed. For instance, the mixtures KI + Cl,, KCl + ICI, and 
KI + KICI, all become converted into KIC], ultimately, the system then having minimum 
free energy. These reactions, of course, occur with varying degrees of facility, and these 
rates have been studied and the properties of the intermediate mixtures investigated. 
They fall into two classes according to whether the starting materials are, or are’ not, 
identical with the substances formed by spontaneous dissociation of the polyhalide; 
e.g., KBr + IBr —~> KIBr, or KI + Br, —> KIBry. 

(1) In the former case, the polyhalide is readily formed if the pressure of the addendum 
exceeds the dissociation pressure, and its rate of formation is roughly proportional to the 
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quantity of unchanged (finely divided) monohalide. Disturbances are caused in the later 
stages by the formation of a crust of polyhalide and also, in some cases, by the formation 
of a liquid phase : in the latter case, absorption of gas proceeds at constant velocity until 
the solid is all dissolved, and then continues more slowly. Traces of water also affect the 
velocity. The effect of temperature is two-fold, since a stage is reached at which increased 
rate of reaction is counterbalanced by decreased stability of polyhalide. Reactions in- 
volving the vapours of iodine monobromide and trichloride showed that at room temper- 
ature they exist, at least in part, as such, and are not completely dissociated. 

(2) The action of chlorine or bromine on alkali iodides has been studied in detail. 
Rae’s results (J., 1915, 107, 1286; 1918, 113, 880) were confirmed in general, but potassium, 
ammonium, and rubidium dibromoiodides absorbed bromine to give a liquid phase, and 
some evidence was obtained for the formation of NaIBr,. (These differences may be due 
to the fact that Rae worked in Ceylon, where the room temperature is some 15° higher than 
in London.) Of the two possible modes of reaction: (1) direct addition, RI +Br, —~> 
RIBr, and (2) substitution followed by combination of the products, 2RI + Br, —> 
2RBr + I,, I, + Br, —~> 21Br, RBr + IBr —~> RIBr,, it has been found that the first 
occurs with cesium iodide, and the second with other alkali iodides. This difference is 
attributed to the high velocity of formation of CsIBr, and to its very low dissociation 
pressure. 

We have always found that where any one polyhalide was prepared by alternative 
methods, which might be expected to give isomeric products, only one of the possible 
isomerides was formed. We therefore investigated three cases of reported isomerism in this 
group of compounds, but failed to obtain any evidence in favour of the phenomenon. 

Finally, certain incidental observations are reported dealing with the effect of moisture, 
the formation of liquid phases, the solubility of polyhalides in liquid halogens or halogen 
halides, and the adsorption of small proportions of the latter by solid halides. 


EXPERIMENTAL, 


Many of the facts recorded above need no experimental description, and this section is 
confined to amplification of other statements. 

Action of Ozone on Potassium Dibromoiodide.—Ozonised O, containing about 10% by wt. of 
O, and dried thoroughly by means of P,O,;, was passed over dry KIBr, at room temp. The 
KIBr, was converted slowly but quantitatively into KIO,, Br, being evolved. No intermediate 
products could be detected, qual. and quant. analysis of the partially converted material show- 
ing it to be a mixture of KIBr, and KIO,. The final product was pure KIO,, mixed with about 
1% of KBr, no doubt produced by decomp. of the KIBr, as already described. After passing 
over the KIBr,, the gas had a distinct colour of Br, vapour. It was passed through pure 
NaOH aq. (free from halides), which was finally found to contain Br but no I. In order to 
distinguish between the two possible processes (p. 182), the reaction was carried out in a flask 
closed by means of a H,SO, manometer. In this way small changes in the vol. of gas during the 
reaction are easily observed. The flask was placed in a bath at a steady temp. and protected 
from the light. It was calc. that the quantity of Br, liberated would be about 0-02 of that 
required to saturate the space with Br, vapour. Hence, for the present purpose Br, may be 
regarded as a gas. According to the first equation there will be no vol. change during the 
reaction, whilst according to the second there will be an expansion. The quantities were so 
chosen that the theor. expansion would be 200 mm. in the manometer. Actually a slight con- 
traction (2 mm.) was observed. It thus seems probable that the O, molecule as a whole attacks 
solid KIBr,, the three O atoms replacing the two Br atoms directly (see first equation, p. 182). 
The crystal structure of the KIBr, is broken up, the KIO, being obtained as a very fine powder. 

Action of Halogens and Halogen Halides on Polyhalides—The reactions which may occur fall 
into various types, viz. : 

(1) Replacement of a halogen in a polyhalide by a more electronegative one, e.g., KIBr, + 
Cl, = KIC], + Br,. Such reactions usually proceed smoothly and apparently without the 
formation of intermediate products; e.g., in the example given, there is no evidence for the 
liberation of I,, IBr, ICI, or ICl,; during the reaction. 

(2) Replacement of the positive halogen by a more strongly electropositive one, e.g., RBr, + 
I, = RIBr, + IBr, appears to occur in some cases, although it is doubtful whether direct 


















184 Cremer and Duncan: A Study of the Polyhalides. Pari IV. 


replacement takes place; it is more probable that the reaction occurs through the dissociation 
products, RBr, = RBr + Br,; Br, + I, = 21Br; RBr + [Br = RIBrzy. 

(3) Conversion of the polyhalide into monohalide, the stream of halogen vapour merely 
acting as an inert gas. 

(4) Replacement of a halogen or halogen halide formed by dissociation of the polyhalide by 
another halogen or halogen halide, e.g., RCIBr + ICl = RCC] + I1Br. It is difficult to 
distinguish this type of reaction from type (1), although the two are really distinct. If the 
reaction were of the present type, it would occur in stages: RCIIBr = RCI] + IBr; RCl + 
ICl = RCIICl. Theoretically, since the individual stages are reversible, reactions of this 
type are reversible. The above reaction might conceivably be forced to proceed in the reverse 
direction by prolonged passage of a stream of air satd. with IBr vapour over CsICl,; the current 
of gas would first decompose the CsICl, [type (3), CsCIIC] = CsCl + ICI], sweeping away the 
ICl, and the IBr would then combine with the CsCl formed (CsCl + IBr = CsClIBr). In such 
a way it might even be possible to convert CsI Br, into CsBr, by the action of Br,, but such an 
indirect action could hardly be considered to be a violation of the principles of replaceability 
already propounded. In practice, the relative stabilities are such that in no case can the reaction 
be made to proceed in opposition to these principles, although in the presence of a solvent in 
which the desired product is only sparingly sol. it may be possible to do so (cf. the anomalous 
results obtained by McCombie and Reade through using solvents; J., 1923, 123, 141; 1924, 125, 
148; 1926, 2528). 

(5) Direct addition of halogen may occur (e.g., KIC], + Cl, = KICI],), but, in spite of many 
attempts, we have been unable to effect direct addition of halogen halide to a metallic poly- 
halide. Specific cases where no addition takes place are given in Table I. 

(6) Polyhalides are frequently sol. in liquid halogens or halogen halides, forming solutions 
from which the original polyhalide crystallises on evapn. of the solvent; e.g., KIBr, is sol. in 
Br,, and, if the solid KI Br, be left in contact with satd. Br, vapour, it will take up the latter, 
forming a solution, the phenomenon being analogous to the deliquescence of salts in a moist 
atm. Table I gives the results obtained in a number of cases with carefully dried materials at 
roomtemp. The results may be considerably modified by changes in conditions (temp., presence 
of traces of H,O, etc.). 

TABLE I. 


Polyhalides which form a liquid Polyhalides which are 
Satd. vapour employed. solution. unaffected. 
Br, KIBr,, NH,IBr,, RbIBr,, most of the KICl,, CsIBry, CsI BrCl, 
org. dibromoiodides described in CsBr,Cl, CsBrs, CsICl, 
Part I (J., 1931, 1860) 
IBr (the vapour in equil. with NalBr,,* KIBr,, NH,IBr, KIBrCl, NH,IBrCl, CsI BrCl 
solid of the comp. [Br) CsIBrF, CsIBr,, CsICl, 
ICl NalICl,,* KICI,, NH,ICl,, CsICl,. The -— 
compds. containing Br were con- 
verted into dichloroiodides, which 
then deliquesced. 
ICI, -— KICl, 


* See J., 1931, 1859, 1863. 


Although on one occasion a specimen of CsBr, absorbed Br, from its satd. vapour, frequent 
repetition of the expt. with pure materials failed to show absorption even after some weeks; 
hence it is assumed that the result first obtained was due to the presence of impurities. With 
pure CsBr, no absorption occurred even when it was left in a desiccator containing the two- 
phase mixture of Br, and H,O. It is therefore very doubtful whether any polybromide of Cs 
exists at room temp., either anhydrous or hydrated, containing more than three atoms of Br 
(cf. Rae, J., 1931, 1578; Cremer and Duncan, ibid., p. 1865). It might be expected that CsBr, 
would absorb H,O under the above conditions, forming an aq. solution; that this does not occur 
may be due to the sparing solubility of CsBr,; the satd. solution probably has a higher v. p. than 
the partial press. of H,O over satd. Br, aq. 

Since this work was completed, Harris (J., 1932, 2709) has investigated the system CsBr- 
Br,—H,O, and confirms our conclusion that CsBr, is the only polybromide formed at ordinary 
temp. 

When a polyhalide is exposed to the vapour of a halogen halide, the liquid phase formed does 
not necessarily contain the halogens in the same proportions as the vapour. As will be seen 
from the table, the polyhalides of high dissociation press. show the greatest tendency to absorb 
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halogen in this way. In none of the above cases is there any evidence of the formation of a 
higher polyhalide, though such may exist in the solutions. 

(7) Even where such solution formation does not occur, polyhalides frequently take up a 
trace of halogen vapour, probably owing to adsorption. Thus, CsBr,Cl absorbs 0-1% of its mass 
of Br,, and the dichloroiodide CsICl, absorbs 1%, when left in contact with satd. Br, vapour. 
Theadsorption does not proceed further and the extra Br is lost immediately on evacuation. 

Formation of a Polyhalide from its Dissociation Products.—The exptl. results indicate, as 

would be expected, that a polyhalide may always be prepared by the direct union of its dissoci- 
ation products (solid monohalide and halogen or halogen halide), provided that the partial press. 
of the halogen be not less than the dissociation press. of the polyhalide. In order that the 
velocities might be studied under comparable conditions, the dry, finely powdered monohalides 
were left in contact with air satd. with the vapour of the halogen or halogen halide at room 
temp., and weighed at intervals (cf. Part I, J., 1931, 1858). In this way curves were obtained 
giving the rate of absorption of halogen. When a liquid phase is produced, the quantity of 
polyhalide formed may be determined after 
evaporation of the liquid halogen in vac. Fic. 1. 
The results obtained are summarised on Rate of absorpticn of Br, by CsI (Br, not specially dried). 
p. 183. The observed forms of the curves + T 2 T 
are in accordance with theoretical expect- 
ations. 

The following polyhalides were ob- 
tained in this way; they are formulated 7 
as additive compounds in order to indicate 
the compounds from which they were 
formed and into which they dissociate. 
They are arranged in order of decreasing 
velocity of formation, the number in 
brackets indicating the approx. number of 
days required for half the monohalide to 
be converted into polyhalide under similar 
exptl. conditions. CsBr,Br, (1); CsCl, Br, 
(2); CsCl, Br (3); CsCl,ICl (4); CsBr,I Br 
(5); NH,CLIBr (9);  KCI,ICI (10); 
NH,Br,IBr (10); RbC1,1 Br (15) ; CsCl, IC, 
(16); NH,CLICl (16); CsF,IBr (23); 
KC1,ICI, (25); KBr, Br (35) ; NaCl,ICl (?) 
(40); NaBr,IBr (?) (60); KCI,IBr (70). 
In the case of the systems NaCl-IBr, 
KNO,-IBr, KBr-I,, KBr—Br,, and KI-I,, 

‘ ! I ! 
no absorption (apart from a trace of ad- 05 7 2 3 4 5 
sorption) occurred during several months, Time (hours). 
confirming evidence obtained in other ways 
that no compounds exist in these cases (cf. Grace, J., 1931, 594; Harris, J., 1932, 1696; Cremer 
and Duncan, J., 1931, 1865, 2249). Attempts to add on halogens and halogen halides to 
NH,F and KF gave indefinite results; although some reaction appeared to occur in several 
cases, no additive compounds could be isolated. We failed to isolate KF,IC], and NH,F,ICl,, 
but compounds of this type have recently been isolated by Booth, Swinehart, and Morris (/. 
Amer. Chem. Soc., 1932, 54, 2560; J. Physical Chem., 1932, 36, 2779). 

The above results indicate that the higher the concn. of halogen vapour and the lower the 
dissociation press. of the product, the more rapidly does the reaction occur. The velocity is 
increased by the presence of H,O, but the effect of a trace of H,O is not so pronounced as with 
the replacement reactions mentioned below. 

Formation of a Polyhalide from Substances other than its Dissociation Products.—The action 
RI + Br, = RIBr, might be expected to follow one of two courses: (1) direct addition, RI + 
Br, = RIBr,; or (2) substitution, followed by combination of the products, 2RI + Br, = 
2RBr + I,, I, + Br, = 21Br, 2RBr + 21Br = 2RIBr,. The two possibilities may be distin- 
guished by observing whether darkening (due to liberation of I,) occurs during the reaction, by 
examination of the partially converted product (microscopically, by the action of solvents, etc.), 
and by measuring the velocity of the reaction. Ifa liquid phase is formed, the free Br, must be 
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removed (by evaptn. at room temp. under reduced press., or by leaving in a desiccator over 
NaOH or KOH), in order to obtain a correct measure of the velocity of combination. In the 
Fic. 2. curves (Figs. 1—3), mae sd 
Rate of tibsorption of Br, by NH,I (Br, not specially dried). meng ey ny 
20 T T line indicating the total quanéity 
of Br absorbed, whether com- 
bined or not. When the reaction 
occurs in stages, the broken curve 
really represents the combined 
velocity of the first two stages. 
The last stage is unaccompanied 
by change in wt., but may be 
followed by observing the change 
in colour. It is a slower reaction 
than the other two. Exact inter- 
pretation of the velocity data is 
also complicated by the form- 
ation of solid solutions instead 
of a definite compound, IBr. 
When the reaction follows course 
(1) the curve shows no break, 
but when it follows course (2) 
% 5 70 75 there is usually a sharp break, 
Time (hours) the first stage of the reaction 
being far more rapid than the 
subsequent stages. The reaction 2RI + Br, = 2RBr + I, is considerably accelerated by the 
presence of H,O. When KI, dried by heating, was exposed to the action of Br, which had been 
dried over P,O, for a week, only a 
4% was converted into KBr in yun. &. 
1} hr., whereas in the presence 
of H,Othe reaction is instantane- ' 
ous. Hence, when the drying 
has been intense, the break is 
not found. In_ general, the 
action of Br, on iodides follows 
course (2), but direct addition 
of Br, to CsI appears to occur 
without liberation of I, : CsI + 
Br, = CsIBr,. The difference 
between the action with CsI, on 
the one hand, and that with, e.g., 
KI, on the other (viz., 2KI + 
Br, = 2KBr+1,; I, + Br, = 
21Br; 2K Br + 21Br = 2KIBr,), 
may be attributed to the follow- 
ing causes: (a) CsIBr, has a 
very low dissociation press. and 
the reaction CsI + CsIBr, = 
2CsBr +I, does not occur to 
any appreciable extent; KIBr, 
has a high dissociation press. 
and reacts with KI via the ' 
vapour phase: KIBr, = KBr + % 5 10 15 
IBr; IBr + KI = KBr + I,; (0) Time (hours). 
the high velocity of formation of 
CsIBr,, which may be connected with its stability (compare the velocities of the reaction 
RBr + IBr = RIBr,, when R = Cs and K, given on p. 185) or with similarity in crystal 
structure of CsI and CsIBr,. The tetra-alkylammonium dibromoiodides are even more stable 
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than the Cs salt, but the action of thoroughly dried Br, on these has not yet been investigated ; 
in the presence of more than a trace of H,O, I, is liberated even from the Cs salt, owing to the 
oxidisability of the I’ ion in the presence of H,O. 

The following reactions have been investigated in this way. The first equation indicates the 
nature of the initial reactants and final products after an excess of the halogen or halogen halide 
vapour has been allowed to act on the monohalide at room temp. until no further change occurs. 
Conversion is then complete, and the products obtained are always those which would be 
expected according to the principles already-expounded. The subsequent equations indicate 
the main course of the reaction, as observed experimentally. Side reactions occur in some cases, 
but always result in the same final products. 

(1) CsBr + Cl, = CsBrCl,. Apparently a direct addition, no displacement of Br occurring. 

(2) KI + 2Cl, = KICl,: in the stages 2KI + Cl, = 2KC] + I,; I, + Cl, = 21Cl1; 21Cl + 
2Cl, = 21Cl,;; 2KCl + 2I1Cl, = 2KICl. Very little KICI, is formed during the reaction, 
although, if the passage of Cl, be stopped when the comp. reaches KICI,, and the mixture, which 
is mainly black, be kept for a few months, it is slowly but completely converted into the yellow 
compound KIC],. 

(3) KI + 21Cl = KICI, + I,: in the stages KI + ICl = KCl + I,; KCl + IC] = KIC. 
If the materials are kept in a finely ground state, the first stage is complete before the second 
begins, as KICl, reacts immediately with KI, thus: KI + KICl, = 2KCl + I, (cf. KIBrg, 
above). During this stage no liquid phase is formed, but as soon as KICI, begins to accumulate 
in the product, rapid absorption of ICI sets in, with formation of a pasty mixture. 

(4) CsBr + 2I1Cl = CsICl, + IBr: in the stages CsBr + IC] = CsCl + IBr; CsCl + IC] = 
CsICl,. The course of the reaction is closely similar to that described in the last paragraph. 
Apparently some CsIBrCl is formed during the reaction: CsBr + IC] = CsIBrCl or CsCl + 
IBr = CsIBrCl, but it is destroyed by the excess of IC]: CsIBrCl + ICl = CsICl, + IBr. 

(5) KBr + 2ICl = KICl, + IBr, the course of the reaction being exactly similar to the 
above. 

(6) CsBr is quant. converted into CsICl, by an excess of IC], vapour, but the exact nature of 
the reaction has not yet been established (possibly 2CsBr + 3ICl, = 2CsICl, + ICl + Bry). 

Occurrence of Isomerism.—In all cases during the present investigation where any one 
polyhalide was prepared by more than one reaction or crystallised under different conditions, the 
product obtained was identical. This led us to reinvestigate critically those instances (ap- 
parently only three) in which isomerism has been reported, and we found in all cases that the 
facts could be explained without assuming the existence of isomerism or even dimorphism. 

CsI Br, was described by Wells and Penfield (Z. anorg. Chem., 1892, 1, 83) as a dark cherry-red 
solid; Ephraim (Ber., 1917, 50, 1096) did not obtain crystals of this colour but of ‘‘ bichromate- 
colour,” so he suggested that the substance existed in two forms. We now find that the differ- 
ence is merely one of the size of the crystals: the powder is always yellow, and large crystals 
are always deep red. Intermediate colours may be obtained, the red colour gradually changing 
to yellow as the material is ground; the yellow form is converted into the red on crystallisation 
or on fusion. There is no chemical difference between the two (e.g., both may be obtained from 
CsI and Br, or from CsBr and IBr, and both give the same reactions), nor is there any difference 
between their m. p. or dissociation press. KIBr, and NH,IBr,, which are normally red, appear 
yellow when finely ground. Hence it would appear that there is no reason for postulating 
isomerism in CsI Brg. 

Because of a slight difference between two successive series of measurements of the dissoci- 
ation press. of the same specimen of RbBrCl,, Ephraim (/oc. cit.) suggested that transformation 
into another form may have occurred during heating. The effect might, however, be attributed 
to a number of causes other than isomerism, ¢.g., exptl. error, presence of impurities or H,O of 
crystn. in the original material, or, most probably, failure to reach equil. Since the dissociation 
of RbBrCl, is more complicated than that of many polyhalides, owing to the dissociation of the 
BrCl formed initially : RbBrCl, == RbCl + BrCl; 2BrCl => Br, + Cl,, it is probable that 
considerable time is required for the attainment of equil., as in the dissociation of a dibromo- 
iodide (cf. Cheesman and Martin, J., 1932, 588). 

The other supposed case of isomerism is also illusory, although the evidence appears super- 
ficially more convincing. Wells and Penfield (loc. cit.) claimed to have obtained CsICl, in two 
forms, one rhombohedral and the other rhombic, but they do not appear to have analysed the 
latter, although Penfield carried out crystallographic measurements on both types. The 
rhombohedral form was obtained by crystallising CsICl, aq. and has since been prepared by 
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Wyckoff (J. Amer. Chem. Soc., 1920, 42, 1100), who examined its structure by the X-ray method. 
There can be little doubt as to the existence of this form, which, however, is not isomorphous 
with CsI Br, and other similar compounds. The supposed rhombic form of CsICl, was obtained 
by crystn. from CsICl, aq. containing a large excess of CsCl; Wyckoff was unable to obtain any 
evidence for the production of this form, and no confirmation of its existence has been reported. 
CsICl, is largely hydrolysed in aq. solution, forming CsCl, I,, HIOs, etc. (J., 1932, 2031), so it is 
difficult to obtain a pure specimen by crystn. from H,O. CsCl and HIO, form a sparingly sol. 
compound, CsCl,HIO,, which, in the presence of an excess of CsCl, would be very likely to 
separate. Wells and Penfield describe their crystals as badly formed, and as the cryst. form of 
the supposed rhombic CsICl, is closely similar to that of CsCl,HIO,, it seems probable that the 
crystals were, in fact, this compound coloured orange by traces of mother-liquor. Penfield may 
have been deceived all the more readily because CsCl, HIO, happens to be similar in cryst. form 
to CsI Bry. 

It thus appears that the only three cases where isomerism has been supposed to occur are 
extremely doubtful. Even should dimorphism occur (and there appears to be little evidence 
for it), it is probably unaccompanied by any difference in the structure of the polyhalide ion. 
Considering the number of trihalides that are known, in which no isomerism is observed, 
isomerism seems very improbable among the trihalide anions. 

The structure suggested on p. 182 would lead one to expect two forms for a compound such as 


= oa _ _ no — 

KICl,, viz., K°[Cl-I-Cl]’ (I) and K*[I-Cl-Cl)’ (II). There is good reason for supposing that the 
compound actually known has the structure (I), and it is clear that the form (II) would be far 
less stable than (I), since the link between the I atom and the central Cl would be a semipolar 
bond, the I receiving a negative charge and the Cl a positive, which is contrary to their natural 
tendencies. Moreover, (I) issymmetrical. Again, from steric considerations, the form with the 
large atom (iodine) in the centre would be expected to be the more stable. Hence, it would be 
expected that whenever an ICI mol. attached itself to a Cl’ ion, it would do so by means of its I 
atom, forming (I), rather than (II). If (II) were formed in any reaction it would dissociate 
after the manner of all trihalides into KCl and ICI, which would recombine to form (I) of re- 
latively low dissociation press. Hence the form (II) would change spontaneously into (I), and 
could only exist as a metastable substance. 

Isomerism is similarly unknown among the higher polyhalides, and for similar reasons would 
hardly be expected to occur in the classes of compounds at present known. All attempts to 
prepare pentahalides of the type RIX,Y, (e.g., CsI Br,Cl, from CsICl, and Br,) have failed. Such 
compounds should show cis-irans-isomerism if the halogen atoms are coplanar, but none if the 
structure is tetrahedral. It might be possible to isolate both forms, since the difference in 
stability would probably be small. The NH, derivatives such as NMe,IBr,(NH;), (p. 182) may 
be compounds of this type, but no isomerism has been observed among them. A compound 


} 


/ oe 2 
containing 4 different atoms grouped round an I atom | e.g., K*} —‘I* \ should exist in two 


\ | Cl- Br- 
optically active forms according to the tetrahedral arrangement, and in three forms, not optically 
active, if the structure is planar. The recent isolation of polyhalides containing F (CsIBrF, 
J., 1931, 2249; CsICI,F, etc., see p. 185) suggests that it may be possible to obtain compounds of 
this type. The question whether the pentahalides have planar or tetrahedral structures might, 
however, be settled more simply by the X-ray method. 


j 
/ 


SUMMARY. 


The action of various gases and vapours on solid polyhalides has been investigated, the 
following results being obtained : 

(1) A stream of inactive gas tends to sweep away halogens, leaving a residue of 
monohalide. 

(2) With stable dichloro- and dibromo-iodides, ammonia forms additive compounds 
(e.g., NMe,IBr,,2NH,) ; with less stable compounds, nitrogen tri-iodide is formed. Amines 
also form additive compounds with polyhalides. 

(3) Ozone acts on potassium dibromoiodide thus : KIBr, + O, = KIO, + Bry. 

(4) The action of halogens and halogen halides on polyhalides has been investigated, and 
the general principles governing the replacement of one halogen in a polyhalide by another 
have been enunciated. 
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The velocity and mechanism of the reactions occurring between metallic monohalides 
and halogens or halogen halides have also been investigated. 

The reported cases of isomerism among the polyhalides have been critically re-examined. 
There is no evidence that any of the polyhalide anions have yet been obtained in different 
isomeric forms. The types of isomerism which might be expected theoretically are 
discussed. 

Throughout the study of the polyhalides described in the present series of papers, 
evidence has been accumulated, agreeing with the conclusions of other contemporary 
investigators, that the polyhalides have structures Which may be illustrated by the follow- 


_ + —_ 
ing formula for potassium dibromoiodide : K*[Br-I-—Br]’, the bonds between the halogen 
atoms being some type of semipolar bond, possibly single shared electrons. It is further 


concluded that the solid polyhalides dissociate spontaneously thus: KIBr, == KBr + 
(solid) (solid) 


IBr;. that in aqueous solution they yield complex anions (e.g., KIBr, = K* + IBr,’) 


(vapour) 


which suffer partial hydrolysis (e.g., 5IBr,’ + 3H,O == 21, + 10,’ + 10Br’ + 6H’) 
(those polyhalides which yield only iodine by dissociation are not appreciably hydrolysed), 
and that iodine cations are probably formed when methy] alcohol is used as solvent. 

The authors are indebted to the Department of Scientific and Industrial Research for a grant. 
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55. Tricarbocyanines. 
By (Miss) NELLIE I. FISHER and (Miss) FRANCES M. HAMER. 


A RECENT advance in the chemistry of the cyanines is the preparation of various dicarbo- 
cyanines by Beattie, Heilbron, and Irving (J., 1932, 260). The present paper deals with 
the tricarbocyanines, in which the two heterocyclic nuclei are linked by the seven-carbon 
chain ‘;CH-CH:CH-CH:CH’°CH°:CH. These substances were discovered independently by 
three sets of workers, of whom Wahl was the first in the field (G.P. 499,967/1928). Al- 
though his methods and ours are identical in theory, they differ considerably in practice, and 
he applied them only to tricarbocyanines of type (I), for which we propose the name 
indotricarbocyanine. This dye was also prepared by Imperial Chemical Industries Ltd., 


(L,) ‘Me, Me,C—— 
/CCH-CH.CH:CH-CH-CH.CH*Cy. 


NMe NMel 


Piggott, and Rodd (B.P. 355,693/1930). Neither set of observers touched upon tricarbo- 
cyanines of any other type and we were unaware of their work until ours was well advanced 
and patents had been filed (Hamer and Ilford Ltd., B.P. 351,555/1930; 354,826/1930). 

It was shown by Zincke and co-workers that the pyridine ring of 2 : 4-dinitrophenyl- 
pyridinium chloride (II) may be ruptured in a remarkable manner, giving 2 : 4-dinitro- 
aniline and the enolic form of glutaconaldehyde (III). The latter compound was not 


CH-CHO CH-CH:NPh 
aL) CHZ HZ HCI (Iv) 
CH:CH-OH \CH:CH-NHPh 
isolated, but its formation was inferred from the preparation of derivatives, e.g., glutacon- 
aldehydedianilide hydrochloride (IV) (Zincke, Annalen, 1904, 330, 361; Zincke, Heuser, 
and Moller, ibid., 1904, 333, 296; Zincke and Wiirker, ibzd., 1905, 338, 107). 

The first method of preparing tricarbocyanines consists in treating (II) with alkali, 
and presenting the resulting mixture of dinitroaniline and (III) with a heterocyclic ammon- 
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ium salt containing a reactive methyl group; e.g., the production of 2 : 2’-diethylthiotri- 
carbocyanine iodide (V) from 1-methylbenzthiazole ethiodide may be represented thus : 


CH 
S 


2 a f- CS 2NaOH ee aH S 
\VAGCCHs  \ge 7 Me Zc CH-CH CH:CH-Cy (V.) 


NEtI CIN-C,H,(NO,), NEt NEtI 
(QL) @ +NaCl+ Nal + H,O + C,H,(NO,).NH, 


The second method consists in condensing the ammonium salt with (IV). It was found, 
in general, best to effect the reactions in absolute-alcoholic solution by means of sodium 
ethoxide and the calculated quantities of the substances. The second method is markedly 
superior to the first, the yields of the purified dye (V) being 49% and 26%, respectively : 
one reason for its superiority is that the organic by-product, aniline, is readily removable. 

From the ethiodides of 1-methyl-«-naphthathiazole and 2-methyl-$-naphthathiazole, 
respectively, were prepared 2 : 2’-diethyl-5 : 6: 5’ : 6’-dibenzthiotricarbocyanine iodide (V1) 
and 2 : 2’-diethyl-3 : 4 : 3’ : 4’-dibenzthiotricarbocyanine iodide (VII). Three other thiotri- 
carbocyanines were also prepared. 

Although 2 : 4-dimethylthiazole ethiodide forms a thiazolocarbocyanine (Fisher and 
Hamer, J., 1930, 2502), attempts to convert it into the thiazolotricarbocyanine were 


C) Hg 


(VI) aw ted (VIL) HLC CMe 
VC kicH: CH:CH-CH:CH-CH:CH-Cy 7.¢@, \Ge 


NEtl 


—Ss 
(VII.) AE *>CH*CH°CH-CH:CH’-CH:CH:> ie) (IX.) oe (Me 
NEt IEW Et 


\4 


unsuccessful. On the other hand, 2-methylthiazoline aie (VIII) smoothly gave 
3 : 3’-diethylthiazolinotricarbocyanine iodide. From 1- adie re va ethiodide (IX) 
was prepared 2: 2’-diethylselenotricarbocyanine iodide. The corresponding dimethyl 
compounds were also prepared. 

1 : 1’-Diethyl-2 : 2'-tricarbocyanine iodide was prepared from quinaldine ethiodide, but 
its separation from the dyes which accompanied it was more difficult than with any of the 
preceding tricarbocyanines; the 2 : 2’-tricarbocyanine from p-toluquinaldine ethiodide was 
more easily obtained, but even here the yield of recrystallised dye was only 13%. With 
quaternary salts of lepidine and of 1-methylbenzoxazole, negative results were obtained. 

Both methods of preparation gave negative results with 2:3: 3-trimethylindolen- 
ine methiodide, but by modifying the second method so that this salt was heated 
with the dianilide (IV) in acetic anhydride solution, in the presence of sodium acetate, 
1:3:3:1': 3’: 3’-hexamethylindotricarbocyanine iodide (1) was obtained. This method 
differs in detail from that described by the other workers in this field. 

In dealing with the tricarbocyanines, their instability to heat and light is manifest ; it 
is perhaps responsible for the unsatisfactory analytical results obtained in some cases. It 
is illustrated also by the lowness of the melting points as compared with those of the 
carbocyanines. Thus with every one of nine pairs, the tricarbocyanine had the lower 
melting point; the average difference was 63°, the extremes being 21° and 103°. 

For measurements of the absorption spectra of the dyes we are indebted to Messrs. 
A. L. Schoen, H. P. Cleveland, and L. A. Jones, of the Eastman Kodak Company. They 
used a Heele triple-prism spectrograph and examined methyl-alcoholic solutions. The 
dyes absorb light sharply, especially towards the red; there is no sign of the second absorp- 
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tion band which is characteristic of many cyanines. As would be expected, the absorption 
bands which lie furthest in the infra-red are those of the 2: 2’-tricarbocyanines. The 
positions of the absorption maxima of ten tricarbocyanines have been compared with those 
recorded in the literature for the corresponding carbocyanines. The shift of the maximum 
- towards the red end of the spectrum, on passing from carbocyanine to tricarbocyanine, is 
190—205 pu. The seleno-series was at first supposed anomalous, but it appears that the 
absorption maxima recorded for the selenocarbocyanines require correction, and when this 
is made (Clark, this vol., p. 216) the supposed anomaly disappears. 

It is well known that the cyanines, as a class, are photographic sensitisers, and that the 
position of the maximum of the band of extra-sensitivity, which any member may confer 
upon a photographic plate, corresponds, approximately, with that of the absorption 
maximum, being somewhat shifted towards the region of long wave-length. We began 
our study of the tricarbocyanines in the expectation that they, having longer polymethine 
chains than any other cyanine dyes, would make it feasible to photograph further into the 
infra-red than ever before. It is hoped to consider elsewhere the photographic aspect of 
the subject, but it may here be noted that this expectation has been fully realised. 


EXPERIMENTAL. 


2: 4-Dinitrophenylpyridinium chloride (II) was obtained in almost colourless crystals 
(yield, 899%) by heating 2 : 4-dinitrochlorobenzene (100 g.) and pyridine (80 c.c.) at 100° for 
15 min. (cf. Zincke, Heuser, and Moller, loc. cit.), the solid product being dissolved out with hot 
abs. EtOH (800 c.c.). 

Glutaconaldehydedianilide hydrochloride (IV) was prepared by a modification of their 
method. The solid obtained from 2: 4-dinitrophenylpyridinium chloride (80 g.) and aniline 
(80 c.c.) in hot spirit (160 c.c.) was collected when cold, and 2 : 4-dinitroaniline extracted from 
it by grinding with cold acetone (400 c.c. x 6). The residual red dye (77-3 g.; 96% yield) was 
dried to const. wt. in vac. at 60—80° and analysed by the method of Carius: this method of 
drying and analysis was used throughout this work, except where otherwise stated (Found : 
Cl, 12-4. Calc. for C,,H,,N,Cl: Cl, 12-5%). The absorption maximum lies at A 440 uy. 

2 : 2’-Diethylthiotricarbocyanine Iodide (V).—2: 4-Dinitrophenylpyridinium chloride (5 g.; 
1 mol.), dissolved in hot abs. EtOH (50 c.c.), was treated with a solution of Na (0-82 g.; 2 atoms) 
in abs. EtOH (20 c.c.) and then immediately with one of 1-methylbenzthiazole ethiodide (10-84 
g.; 2 mols.) in hot abs. EtOH (75 c.c.) : the mixture was boiled for 10 min. The dye, which 
crystallised, was washed with H,O, and extracted in a Soxhlet apparatus, first with Et,O (6-02 g. 
left), and then with acetone until the extract was pure blue. The yield of purified product was 
26% (2-52 g.) (Found: I, 23-1%). 

In the second, and better, method of prepn., boiling abs. EtOH (80 c.c.) containing glutacon- 
aldehydedianilide hydrochloride (4 g.; 1 mol.) and 1-methylbenzthiazole ethiodide (8-56 g.; 
2 mols.) was stirred while a solution of Na (0-65 g.; 2 atoms) in abs. EtOH (20 c.c.) was added 
and for 2 min. thereafter. The solid, when cold, was washed with H,O and extracted with 
Et,O. The residue (3-75 g.; 49% yield) was recrystallised from MeOH (21.); yield, 41% 
(Found: I, 23-3; S, 11-7. C,;H,;N,IS, requires I, 23-3; S, 118%). The dye, m. p. 211°- 
(decomp.), forms characteristic green crystals which give a blue methyl-alc. solution, with its 
maximum absorption at A 765 uu. 

It was similarly prepared by use of (a) glutaconaldehydedi-p-toluidide hydrochloride and 
(b) glutaconaldehydedi-$-naphthalide hydrochloride, the yields of washed product being 44% 
and 55%, respectively. 

2: 2’-Dimethylthiotricarbocyanine chloride was similarly prepared by treating glutaconalde- 
hydedianilide hydrochloride (4 g.) and 1-methylbenzthiazole methochloride (7-03 g.) with Na in 
abs. alc. solution. The product was washed with H,O, and extracted with Et,O (residue, 2-52 g. ; 
34% yield) and then with acetone until a clean blue colour resulted. The undissolved dark 
green powder was dried for analysis at 80—100° (Found: Cl, 7:7; S, 14:3. C,;H,,N,CIS, 
requires Cl, 8-35; S, 15-1%. C,3H,,N,CIS,,s}EtOH requires Cl, 7-9; S, 14:3%). M. p. 154° 
(decomp.). The dye has a well-defined absorption band with its crest at A 760 uy. 

2 : 2’-Diethyl-5 : 6 : 5’ : 6’-dibenzthiotricarbocyanine Iodide (V1).—Glutaconaldehydedianilide 
hydrochloride (8 g.; 1 mol.) and 1-methyl-«-naphthathiazole ethiodide (19-92 g.; 2 mols.) were 
boiled in abs. EtOH (160 c.c.) with a solution of Na (1-3 g.; 2 atoms) in abs. EtOH (40 c.c.) for 
30 sec. The cold product was washed with H,O, extracted with Et,O, and boiled with MeOH 
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(300 c.c. x 3)-until a blue-green filtrate resulted. The residue (5-64 g.; 31% yield) was dried 
in vac. at 90—110° (Found: I, 19-0; S, 10-1. C,,H,gN,IS, requires I, 19-7; S, 9-95%. 
C,,;H,,N,IS,,s EtOH requires I, 19-0; S, 9-6%). After recrystn. from MeOH (550 c.c. per g.), 
the yield was 14% (Found : I, 19-2%). The dye isa bronze cryst. powder, m. p. 191° (decomp.) ; 
its max. absorption lies at A 795 wy. 

2 : 2’-Dimethyl-5 : 6 : 5’ : 6’-dibenzthiotricarbocyanine chloride was similarly prepared from 
glutaconaldehydedianilide hydrochloride (5 g.) and 1-methyl-«-naphthathiazole methochloride 
(8-77 g.). After being washed with H,O and Et,0O, it was extracted with acetone until the extract 
was pure green: the residue (4-07 g.; 44% yield) was dried in vac. at 80—100° (Found: Cl, 
6-6; S, 11-6. C,,H,;N,CIS, requires Cl, 6-8; S, 12-2%). The almost black powder melted at 
166° (decomp.). The sharply defined absorption band has its maximum at A 785 uu. 

2: 2’-Diethyl-3 : 4 : 3’ : 4’-dibenzthiotricarbocyanine iodide (VII) was similarly prepared from 
glutaconaldehydedianilide hydrochloride (4 g.) and 2-methyl-8-naphthathiazole ethiodide (9-96 
g.). After treatment with H,O and with Et,O, the product (4-88 g.; 54% yield) was boiled with 
insufficient MeOH to dissolve it all (100 c.c. x 8); the earlier filtrates were inky in colour, but 
the later ones were a pure blue-green, identical with the colour of a solution of the recryst. dye. 
The undissolved residue was obtained in 32% yield (2-85 g.) (Found: I, 192; S, 9-6. 
C33H,N,IS,,sEtOH requires I, 19-0; S, 9-6%). The dye was only slightly sol. in hot MeOH 
(1$ 1. per g.) and separated in a form from which the liquid filtered very slowly, the yield being 
reduced to 17% (Found: I, 19-2%). It existed as a dark powder before recrystn. and as green 
crystals afterwards. M. p. 183° (decomp.). The absorption maximum lies at A 800 uy. 

It was also prepared from 2: 4-dinitrophenylpyridinium chloride (1-19 g.; 1 mol.) and 2- 
methyl-$-naphthathiazole ethiodide (3 g.; 2 mols.). After treatment with H,O and Et,O, 
fractional recrystn. of the residue (0-78 g.) from MeOH (20c.c. x 5, and 50c.c. x 3) was effected. 
From the last three fractions the total yield of the dye was 3% (0-10 g.). Its photographic action 
was identical with that of the specimen prepared by the other method. 

2 : 2’-Dimethyl-3 : 4 : 3’ : 4’-dibenzthiotricarbocyanine chloride was prepared from glutacon- 
aldehydedianilide hydrochloride (5 g.) and 2-methyl-8-naphthathiazole methochloride (8-77 g.). 
The residue left after H,O and Et,O extraction (4-49 g.; 49% yield) was extracted with acetone 
until the extract was green. The dark residual powder (37% yield; 3-36 g.) was dried in vac. 
at 80—100° (Found: Cl, 5-7; S, 11-6. C,,H,;N,CIS,,EtOH requires Cl, 6-2; S, 11-:2%). 
M. p. 181° (decomp.). The max. absorption occurs at A 790 wu. 

3 : 3’-Diethylthiazolinotricarbocyanine Iodide.—We are indebted to Dr. L. G. S. Brooker for a 
gift of 2-methylthiazoline, which he was the first to apply to cyanine dye formation (Kodak- 
Pathé, F.P. 718,471). Its ethiodide (4 g.) and glutaconaldehydedianilide hydrochloride (2-21 
g.) were boiled in EtOH (20 c.c.) with Na (0-36 g.) in alc. solution (20 c.c.) for 90 sec. The 
resultant dye was washed with H,O and extracted with Et,0; the residue (1-27 g.; 36% yield), 
on recrystn. from MeOH (50 c.c.), gave 0-91 g. of characteristic grey crystals, m. p. 192° (decomp.), 
resembling metallic filings (Found: I, 28-2. (C,,H,;N,IS, requires I, 28-3%). Its alc. 
solution is deep blue, possessing a narrow absorption band with its maximum at A 645 uu. 

3 : 3’-Dimethylthiazolinotricarbocyanine Iodide.—2-Methylthiazoline methiodide (2 g.) was 
condensed with the dianilide in an exactly analogous manner. After the washing with H,O and 
Et,O, the product (1-09 g.; yield 32%) was boiled with MeOH (50 c.c.), and the residue recrystal- 
lised from MeOH (150 c.c.), whereby a 14% yield (0-49 g.) of steel-blue crystals, m. p. 213° 
(decomp.), resulted (Found : I, 30-1. C,;H,;N,IS, requires I, 30-2%). Its absorption is almost 
identical with that of the preceding compound. 

2 : 2’-Diethylselenotricarbocyanine Iodide.—1-Methylbenzselenazole has been obtained, in the 
laboratories of the Eastman Kodak Company, for the first time in almost colourless crystals, 
m. p. 32—33°. Its ethiodide (cf. Clark, J., 1928, 2313) (4-94 g.) was condensed with the di- 
anilide hydrochloride just as was 1-methylbenzthiazole ethiodide, except that the time of heating 
was only 30 sec. The product (2-0 g.) was ground with small amounts of acetone (10 c.c. x 7) 
until the filtrate was a pure greenish-blue. The residue consisted of brilliant green crystals 
(1-50 g.; 34% yield). The method of determining I in the presence of Se has been recorded 
elsewhere (Hamer, Analyst, 1933, 58, 26) (Found: I, 20-1. C,;H,,N,ISe, requires I, 19-9%). 
After recrystn. from MeOH (1000 c.c. per g.), the yield was 17% (Found: I, 19-9%). M. p. 
225° (decomp.). The blue solution shows a max. absorption at A 770 uy. 

2 : 2’-Dimethylselenotricarbocyanine iodide was similarly prepared from 1-methylbenzselen- 
azole methiodide (11-9 g.). The dye was washed with H,O and ground with cold acetone (100 
c.c. X 5) until there was no further colour change. The residue (2-68 g.; 25% yield) was boiled 
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with MeOH (100 c.c. x 4). There remained a 21% yield (2-20 g.) of dark green solid, m. p. 198° 
(decomp.) (Found: I, 20-6. C,3;H,,N,[Se, requires I, 20-8%). The absorption maximum lies 
in the same position as that of the preceding diethyl compound. 

6 : 6’-Dimethyl-1 : 1’-diethyl-2 : 2’-tricarbocyanine Iodide.—p-Toluquinaldine ethiodide (17-6 
g.) was dissolved in boiling abs. EtOH (176 c.c.), and the dianilide (8 g.) added, followed by a 
solution of Na (1-3 g.) in abs. EtOH (40c.c.). After boiling for 30 sec., the solution was allowed 
to cool; dye crystallised where the rod had scratched the sides of the beaker, and was filtered off, 
ground with H,O, and extracted (6-92 g.) with Et,0. The residue (6-11 g.) was boiled with MeOH 
(50 c.c., 100c.c. X 2, 300c.c. x 2); the crystals from the first three fractions were rejected, but 
the olive-green crystals from the last two (0-63 g.) consisted of trvicarbocyanine. The bronze 
residue (1-87 g.; 12%) also consisted of tricarbocyanine (Found: I, 22-4. C,,H;,N,I requires 
I, 22-65%); part of it (1-64 g.) was recrystallised from MeOH (1000 c.c.), and bronze crystals 
resulted (1-25 g.), bringing the total yield of recryst. dye up to 138% (Found: I, 22-2%). M.p. 
248° (decomp.). The green solution has an absorption maximum at A 820 wu. . 

1: 1’-Diethyl-2 : 2’-tricarbocyanine Iodide.—(1) This was similarly prepared from quinaldine 
ethiodide (8-4 g.). After the treatment with H,O and Et,O, the residue (1-52 g.) was ground 
with acetone (20 c.c. x 3) and then boiled with MeOH (20 c.c. x 4). After removal of a more 
sol. purple impurity, the green colour of the tricarbocyanine became manifest. The crystals 
from the last three fractions all gave a green spirit solution, but the total yield (0-16 g.), was 
only 2%. 

(2) 2: 4-Dinitrophenylpyridinium chloride (5 g.; 1 mol.), dissolved in hot abs. EtOH 
(50 c.c.), was treated with Na (0-82 g.; 2 atoms) in abs. EtOH (20 c.c.) and then with a hot 
abs. alc. solution (200 c.c.) of quinaldine ethiodide (10-62 g.; 2 mols.). The mixture was allowed 
to cool gradually. Next day the solid was washed with H,O and extracted with Et,O. The 
residue (5-06 g.) was ground with acetone (20 c.c., and 40 c.c. x 2), whereby much tar was 
removed, and boiled with MeOH (20 c.c. x 8), but the solution did not rapidly become pure 
green, as in the preceding method of prepn., and there was a small tarry residue. The bronze 
crystals obtained from the last four fractions (0-29 g.) amounted to a 4% yield (Found : I, 21-9. 
CogHagNeI requires I, 23-8%. CygH.N,I,MeOH requires I, 21-3%). M. p. 219° (decomp.) ; 
the olive-green crystals obtained by method (1) turned bronze at about 130°, but they too melted 
at 219°. The photographic action of the two samples is identical. The methyl-alc. solution 
possesses a broad absorption band with its crest at A 810 wu. 

1:3:3:1': 3’ : 3’-Hexamethylindotricarbocyanine Iodide (1)—To boiling Ac,O (150 c.c.) 
were added 2: 3 : 3-trimethylindolenine methiodide (5 g.; 2 mols.), glutaconaldehydedianilide 
hydrochloride (2-4 g.; 1 mol.), and anhyd. NaOAc (1-4 g.; 2 mols.). After boiling for 10 min., 
the hot deep-blue liquid was poured into H,O (750 c.c.) containing KI (5g.). The pptd. dye was 
removed and extracted with Et,O. The residue (3-11 g.; 70% yield) was dissolved in hot MeOH 
(10 c.c.); from the filtered solution, bright green crystals (1-54 g.; 35% yield) separated on 
cooling. After recrystn. from MeOH (10 c.c.), the yield was 24% (Found : I, 23-35. C,9H,,N,I 
requires I, 23-79%). The crystals become bronze at about 160°; m. p. about 207° (decomp.). 
The max. absorption is at A 740 wy. 


KopAK LIMITED, WEALDSTONE, MIDDLESEX. (Received, December 6th, 1932.] 





56. Equilibrium Constants in Terms of Activities derived from 
Cryoscopic Data: The Dissociation of Pyridine o-Chlorophenoxide 


in Benzene. 


By H. M. Grass and W. M. MapcIn. 


IN using cryoscopic data to calculate equilibrium constants for the dissociation of molecular 
compounds of organic substances in solution, the main problem is to determine the correct 
concentrations for the undissociated molecules and products of dissociation, since the ideal 
solution laws are not strictly applicable in many cases. 

Brown (J., 1925, 127, 345) has determined equilibrium constants for naphthalene- 
trinitrotoluene and naphthalene-picric acid in nitrobenzene, but the extreme values differ 
by about 30%; also Hatcher and Skirrow (J. Amer. Chem. Soc., 1917, 39, 1939), using 
compounds of cresols with pyridine in benzene or naphthalene, were unable to obtain a 

O 
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reasonable constant. Studying ester-acid complexes in solution, Kendall and Booge (J., 
1925, 127, 1768) state: ‘‘ The exact degree of dissociation at any given dilution cannot, 
however, be determined, since we have no means of knowing whether the curve for the 
undissociated compound follows the ideal or not.” 

Hence there seems some justification for an attempt to use the activity concept (Lewis 
and Randall, ‘“‘ Thermodynamics,”’ 1923) to calculate equilibrium constants, for the 
activities of solutes describe the extent of deviation from ideal behaviour and represent 
corrected concentrations. 

Lewis and Randall (of. cit., p. 286) have derived an expression for the activity coeffi- 
cient of a single non-dissociating solute in aqueous solution, viz., 


m m 
loge a/m = — | jd logem —j + | 0-000570/m.d9. . . . (I) 
‘ 0 “0 
where a = activity of solute, m = molality of solute, a/m = activity coefficient, 6 = 
depression of f. p. of the solvent produced by the solute, and 7 = 1 — 0/dm, where 2 is the 
molal lowering of f. p. of the solvent in a solution of infinite dilution. The factor 0-00057 
is specific for water as a solvent. 

The problem now under consideration is the calculation of the activities for a molecular 
compound, existing as undissociated molecules, and two products of dissociation, all in 
equilibrium in the same solution. It is desirable to consider first the dissociation of an 
electrolyte in aqueous solution, since this problem has been treated from the activity 
point of view. The mean activity coefficient for a uni-univalent electrolyte in aqueous 
solution can be calculated from f. p. data by a modified form of (1) (Lewis and Randall, 
op. cit., p. 347), v1z., 


M M 
loge y = — [ 5. d loge M — j + 0-00057 0.d0/vM . . . (2) 


where y = mean activity coefficient of the ions, M = molality of the electrolyte, v = 
number of ions formed from one molecule of electrolyte, and 7 = 1 — 0/vAM; 0, 4, and 
0-00057 are the same as in (1). 

The mean activity coefficient for a uni-univalent electrolyte (v = 2) is defined as 
y=a,/M= /a,a_/M, where a, and a_ are the activities of positive and negative ions 
respectively and a.,. (= My) is the mean activity of the ions. By using activities, instead 
of stoicheiometric concentrations, a true equilibrium constant, Ka = a,/a.a_, should be 
found, a, being the activity of the undissociated compound present in solution and 





V a,/Ka = a, or } loge a,/Ka = logea,. Hence 
dlogedg = 2dlogea, . . . » « « + « (3) 


Lewis and Randall (of. cit., p. 342) use a similar equation to derive (2) from (d loge ay) / 
v = d loge a, = d0/vAM but they choose arbitrarily a standard state such that Ka = 1. 
This seems unnecessary when Ka does not occur in (3). My is therefore the true mean 
activity of the ions. 

Being thermodynamically derived and independent of the nature of the solutes and 
solvents forming solutions, the general form of equation (2) should be applicable to any 
equilibrium in dilute solution for any value of Ka, e.g., a molecular compound (pyridine 
o-chlorophenoxide ; Bramley, J., 1916, 109, 469) dissociating in benzene. In such a case, 
My would now be the true mean activity of the dissociation products, analogous to the 
ions. 

Since (3) cannot be used to find a, without introduction of Ka, the activity of undissoci- 
ated molecules must be found by some other method. The following general method, 
applied to an equilibrium of the type A + B == AB in a solvent, shows how this can be 
done. The components A and B are organic substances. Such equilibria possess an 
advantage over electrolytic dissociation into ions because the activity coefficients of A and 
B may be determined for each singly in solution, from cryoscopic measurements, by using 
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(1). In this way a graph can be constructéd showing the variation of the activity coeffi- 
cients of the two components A and B (y, and yx) with concentration (see ¢.g., Fig 2). 

Equation (2), with the constant 0-00057 altered for the solvent used, will give the mean 
activity coefficients (y) of A and B together in equimolecular amount in solutions. For 
any solution of molality M and mean activity coefficient y, My = +/a,ay or (My)? = a,ag, 
where a, and 4g are the activities of A and B respectively. If m is the actual molality of 
A or B at equilibrium in solution (m is the same for A and B in the present case), then 
corresponding to m there are two activity coefficients, y, and yg, and it follows that 
yam = a, and ygm = ag; whence, 


aA,ap == (My)? a Yaypm e ° . ° . . . . (4) 


At complete dissociation m = M. 

The assumption is now made that in a given dilute solution, containing the solutes 
A and B together with undissociated compound AB, the activity of any one of the three 
solute species is the same as it would be in solution separately at the same concentration. 

It follows that reference to graphs, such as Fig. 2, will give (by trial) the values of 
m, yx, and yg which satisfy any value of (My)? found experimentally from (2). Therefore, 
(M — m) gives the stoicheiometric molality of the compound AB present in solution at 
equilibrium. As the variation of freezing-point depression with concentration is known for 
each of the components, A and B, in solution separately, the two depressions for solutions 
of A and B (At,, Atg) of molality m can be found. 

The depression (A¢y) for a solution containing the equimolecular mixture of A and B 
will be greater than A/, + At, by the amount of the depression due to molecules of AB of 
molality (MM — m) in solution, 7.¢., Ath, = Atm — (At, + Adg). 

A series of values of A/,,, for solutions of different concentrations, can be found and 
applied in (1) to find activity coefficients of the compound AB [y,,3 = 4,,/(M — m)]. 

The equilibrium constant, in terms of activities, now takes the form [from (4)] 


ay, _ (M — m)ysn __ (M — m)yap 





Ne ayay yaya) (My? 

With the object of testing the foregoing application of the activity concept to the 
determination of equilibrium constants, a cryoscopic investigation of the molecular com- 
pound pyridine o-chlorophenoxide in benzene has been undertaken. There is cryoscopic 
evidence that this compound exists in a partially dissociated condition in benzene (see 
e.g., Madgin, Peel, and Briscoe, J., 1928, 707). Benzene forms a eutectic system with both 
pyridine (Hatcher and Skirrow, Joc. cit.) and o-chlorophenol (Sidgwick and Turner, J., 
1922, 121, 2256) and may thus be regarded as an inert solvent. The constant Ka has also 
been compared with the constant K., obtained by using concentrations only. 


EXPERIMENTAL. 


By using a standard Beckmann apparatus and reading temp. to 0-001°, the f. p. depressions 
for C,H, solutions of C;H,;N and o-chlorophenol, separately and mixed together, have been 
determined. Materials were specially purified by the methods of Bramley (loc. cit.). 

The formation of pyridine o-chlorophenoxide was further examined by mixing equidepression 
solutions of the components, of known comp. (cf. Madgin, Peel, and Briscoe, /oc. cit.), in various 
proportions. The solution which contained the separate solutes in equimol. amount gave a 
depression which deviated most from the original value and evidently the greatest proportion 
of compound was here formed (see Fig. 1). 

Equilibrium Constant.—In calculating this const. for the formation of pyridine o-chloro- 
phenoxide in terms of stoicheiometric concns. in C,H,, it is necessary to know the state of 
association of the o-chlorophenol and C;H,;N separately in solution. 

This was found by determining the mol. wts. of the two solutes from the formula AT = 
kn,/(n, + n,) (Brown and Bury, J., 1924, 125, 2219); & = 65-64 for C,H, as solvent. 

Pyridine has an apparent mol. wt. 88 uniformly over a range of concn., and this represents a 
degree of association such that there will be 1 double mol. for every 8 single mols. Similar 
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TABLE I. 


Variation of mol. wt. with concn. for separate solutes. 
(Concn. is in g. per 100 g. of solvent.) 










Series 1. o-Chlorophenol. 
Concn. ......6+. 1-022 1532 «20385 33-005 4558 S119 53H 7235 
BE. WE. covcecove 1256 127°2 126°1 127°2 130°1 128°5 127-2 126°9 
Series 2. Pyridine. 
CORORs | wocenpece 0587 §=0°973 1532 «627159 2523. 33137) = 3928 = 5776 = 6122 
Bs WE. ncaceacve 88°25 88-0 87°5 87°6 88:5 88-2 87°7 86°9 86'8 





apparently const. association has been found by Auwers (Z. physikal. Chem., 1899, 30, 300) for 
other solutes. 

o-Chlorophenol (average mol. wt. 127-8; calc., 128-5) appears to be unassociated over the 
given concn. range, and this might be expected from a chelated compound (see Sidgwick and 
Callow, J., 1924, 125, 527). In the following calculation it is presumed that these conditions of 
association of the separate components persist in all mixtures. 














Fic. 1. 


Depressions (D) for mixtures of equi-depression solutions of pyridine and o-chlorophenol separately in 
benzene. 
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The concn. equil. const. (A,) can be calculated by the method of Brown (/oc. cit.). In the 
present work the types of equilibria are (A,) = 2A and 2A + 2B = 2AB, where A refers to 
pyridine and B to o-chlorophenol. For 1 g.-mol. of total Bin N g.-mol. of solvent a fraction « 
of compound AB is formed and, at equilibrium, the fractions of 1 g.-mol. are [A,] = 0-1 (1 — ), 
[A] = 0-8 (1 — a), [B) = 1 — a, and [AB] = «; hence total solute mol. = 0-9 (1 — a) + 
(l—a)+a=—19—0-92; AT = k(1-9 — 0-92)/(1-9 — 0-92 + N) and 


a = 2:1 —1-1AT.N/(k — AT). 
Concns. being expressed as mol. fractions in K, = [AB]/[A][B], then 
K, = 10a (N + 1-9 — 0-9a) /8(1 — «)?. 










Values for K, are shown in Table II. When determining these data it was found that 
the results were independent of the method of preparing the solutions; i.e., whether the 
pure phenoxide is added to benzene or equimol. solutions of the separate components are 
mixed. 

Activity Coefficients—Equations (1) and (2) have been applied to cryoscopic data in the 
present work but mol. ratios have been used for m and M instead of the molalities of the original 
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definition. A specific const. for the solvent C,H,, in place of 0-00057 in (1) and (2), has been 
found by the method of Lewis and Randall [op. cit., p. 283 (16)], and the necessary heat data for 
benzene were taken from Int. Crit. Tables. The new constant is 0-000106. 

It has been found that 7 = 1 — 0/Am = 1 — 0-01526 0/m. 

The activity coefficients (y, and y,) for the single components (pyridine and o-chlorophenol) 
in separate benzene solutions have been calculated at round mol. ratios from (1), by using the 
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Molar ratio (M). 


I, o-Chlorophenol (yg); Ul, pyridine (ya); II, pyridine and o-chlorophenol together in solution (y) ; 
IV, pyridine o-chlovophenoxide, undissociated (yan). 


f. p. depressions corresponding to Table I. These results (Fig. 2) enable the activity coefficients 
to be found for any concns. used experimentally. 

The mean activity coefficients (y = /a,4,/M) have also been found by using f. p. depres- 
sions (AT, Table II), for equimol. mixtures of pyridine and o-chlorophenol, in (2). 

The activity coefficients (y,,) for the undissociated compound, pyridine o-chlorophenoxide, 
have been found in the manner described above. 

From these various coefficients (Table II) the corresponding activities can be calculated, and 
hence values for K, are found. 
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TABLE II. 


Equilibrium constants and activity coefficients for benzene solutions of pyridine o-chloro- 
phenoxide at concn. M = mol. ratio. 
Activity coefficients. 








M x 10. AT. Re. Ka. y: YA: ys- YAB- 
7°196 0°67 393°8 222-7 0°4922 0°840 1-010 0°834 
7°526 0°70 380°2 221°1 0°4856 0°838 1:010 0-830 

10°65 0-956 367°1 221°1 0°4264 0°828 1-014 0°801 
11°29 1-01 357°8 219°5 0°4178 0°825 1°015 0°795 
14°62 1-275 338°5 216°0 0°3778 0°814 1016 0-771 
15°06 1:308 352°4 216°4 0°3730 0°812 1-016 0°769 
18°02 1°536 336°2 213°2 0°3466 0°80 1:017 0°751 
18°87 1°60 335°5 213°3 0°340 0°798 1-018 0°747 
22-67 1-886 326°8 211-2 0°3149 0-790 1019 0°732 
22°94 1-910 318°4 210°7 0°3137 0°789 1-020 0°731 
26°37 2-160 320°6 210°4 0°2952 0°782 1-020 0°722 
30°01 2°396 297°1 214°0 0°2768 0°778 1-022 0-714 
33°54 2°641 360°1 214°4 0°2629 0°774 1-023 0°705 
37°61 2°874 454°4 220°2 0°2468 0°770 1:024 0°699 


Average values: K, = 353; Ka = 216. ya, ys, yan = activity coefficient of pyridine, o-chloro- 
phenol, and undissociated pyridine o-chlorophenoxide, respectively. Activities may be found by apply- 
ing equation (4) to the data in this table. 


DISCUSSION OF RESULTs. 


The present results (Table II) include a very consistent set of values for Ka, the varia- 
tion from average (less than 3% for extremes) being well within the limits of exptl. error. 
Ke values, although divergent, are as consistent as those of other workers (cf. Brown, 
loc. cit.). 

The numerical values of Ka and K- suggest considerable stability of pyridine o-chloro- 
phenoxide in benzene at temperatures above the m. p. (— 23°) of the pure substance: the 
average value of Ka (216) shows that dissociation occurs in the benzene solutions examined 
to the extent of 30—50%, depending on dilution. From the results of Bramley (loc. cit., 
p. 496) an equilibrium constant (K-) has been calculated for an undiluted equimol. mixture 
of pyridine and o-chlorophenol. This constant shows the compound to have dissociated to 
the extent of only 11° and, by comparison, the present value of Ka gives 9-5% dissociation 
in an infinitely concentrated solution (7.e., pure solute). 

The activity coefficient of undissociated molecules (y,,) enables the deviation from ideal 
behaviour to be found (cf. Kendall and Booge, Joc. cit.), and the considerable difference 
between the average values of Ka and Ke in the present work is chiefly due to the fact 
that y,, is always less than 1. 

SUMMARY. 

The use of activities, instead of concentrations, to calculate true equilibrium constants 
is discussed for the dissociation of pyridine o-chlorophenoxide (AB) into pyridine (A) and 
o-chlorophenol (B) in benzene solution. 

A method is devised to calculate the activity coefficients of products of dissociation and 
undissociated molecules, and thence to determine the activities a,, ag, and a,,, from 
cryoscopic data. 

The true constant, Ka = a,,/a,a,, has been found for a series of solutions of different 
concentrations and the extreme values only differ from the average by some 3%. For 
purposes of comparison, the concentration constant, K- = [AB]/[{A][B], has also been found, 
but the values are divergent. This would be expected, since the relevant concentrations 
are necessarily calculated on the assumption that the various solutes conform to the ideal 
solution laws. 

It is concluded that the constant Ka describes the condition of the pyridine o-chloro- 
phenoxide in benzene, and the results are considered to give valuable evidence of the useful- 
ness of the theory of activity of Lewis and Randall. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE., [Received, November 29th, 1932.] 
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57. Liquidus and Solidus Studies. Part II. The Ternary System 
KNO,—-NH,NO,—Pb(NOQ,),. 


By H. M. Grass, K. LAYBourN, and W. M. MapaIn. 


STUDYING the system potassium nitrate-ammonium nitrate, Perman and Saunders (J., 
1923, 123, 841) found a mixture of minimum f. p. (13-6% KNO, by weight) ; they examined 
solids separating from various mixtures, on 

and stated : “* By analysis the crystals Freezing point—composition diagrams for the system 
separating have been shown to be KNO,-NH,NO,-Pb(NO,)5. 

ammonium nitrate below 13-6% potass- 
jum nitrate, and a little above that 
concentration mixed crystals of the two 
nitrates with about 45% of the potass- 
ium salt.” Such a system seems re- 230°! 
markable in showing complete solid 
immiscibility in mixtures rich in am- 
monium nitrate (55—100%), although 
the two component salts are iso- 
morphous. 

Janecke (Z. angew. Chem., 1928, 41, 
916) found that the system showed 
partial solid miscibility, with a large 
miscibility gap between 92-5% and 
15%, ammonium nitrate, but later 
Janecke, Hamacher, and Rahlfs (Z. 
anorg. Chem., 1932, 206, 357) concluded 
that the extent of solid miscibility is 
much greater, their limits being 92% 
and 60° ammonium nitrate. 

The conclusions of all of the forego- 
ing authors were formed from the study 


of binary systems. i 
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Recently, Laybourn and Madgin (J., 





1932, 2582) investigated the system V4 
potassium nitrate-sodium nitrate by 
studying a ternary system involving Fa 





these salts, and this method seemed 
applicable to the system potassium 
nitrate-ammonium nitrate; accord- 
ingly, the ternary system of this salt 
pair in lead nitrate has been investig- 130° 
ated. Lead nitrate was chosen as the N03 P(N 03)o 
third component since it appears to be 

inert towards both potassium nitrate 1 
(Glass, Laybourn, and Madgin, J., 1932, 50 40 
874) and ammonium nitrate (Bogitsch, 
Compt. rend., 1915, 161, 790), and is 
thus a suitable solvent. 
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Graph No. 1,0; No. 2,10; No. 3, 20; No. 4, 30; 
No. 5, 40; No. 6, 50. 








EXPERIMENTAL. 


Purification of KNO, and Pb(NO;), was carried out as previously described (loc. cit.). 
NH,NO, (A.R. quality) was recryst. thrice from H,O and dried in an air-oven at 120°. 

The scope of the present investigation is limited by the volatility of NH,NO,, but as this is 
considerably diminished by dilution with other nitrates (cf. Bogitsch, Joc. cit.), it was possible 
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to investigate ternary mixtures of f. p. up to 250°. Below this temp., the decomp. of Pb(NO,), 
(Laybourn and Madgin, J., 1932, 1360) need not be considered. 

The f. p. data for the three binary systems were required : results previously determined for 
KNO,-Pb(NO,), (/oc. cit.) have been used, but redeterminations have been made for the other 
two systems. 

Freezing Points and Isotherms for Ternary Mixtures.—The f. p.’s of 64 different ternary 
mixtures (see inset A, Fig. 2) have been found as described by Laybourn and Madgin (J., 1932, 
2582) and the isothermal diagram has been constructed (Fig. 2). Fig. 1 shows a series of curves, 
representing the f. p.’s of mixtures containing various const. percentages of Pb(NOs)2, and is 
included as additional evidence of the nature of the system KNO,—-NH,NOQ3. 

The comp. of the mixture of lowest f. p. was found to be 12% KNO,, 32% Pb(NOs)2, and 
56% NH,NO, (f. p. 127-5°). 

Fic. 2. 
Freezing-point isotherms in the ternary system KNO,-NH,NO,—Pb(NOs).. 
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Examination of Solid Phases.—Samples of the solid phases separating from mixtures lying 
on the isothermals 150°, 160°, and 190° were isolated by the method of Laybourn and Madgin 
(Joc. cit.), and samples of the liquids in equilibrium with these solids were also obtained. All of 
these samples were analysed by determining NH, by Kjeldahl’s method, Pb as PbCrO,, and K 
as KCIO,. These analytical results are shown in Table I and plotted in Figs. 3 and 4, where the 
conjugate solid and liquid phase compositions are joined by tie lines. 

The isotherms 150° and 160° were chosen in view of the results reported by Janecke, Hama- 
cher, and Rahlfs (/oc. cit.), who found a eutectic point at 157°, and it was anticipated that the 
isotherms should give valuable information concerning the limits of the miscibility gap near to 
the eutectic temp. Asa high-temp. example the isotherm 190° was studied. 


Discussion of Results—The nature of the binary system NH,NO,-KNO, was the 
primary problem under consideration. Fig. 1 shows that the well-defined minima are of 
the usual type for two substances which form a eutectic system; Fig. 2 similarly shows a 
well-defined eutectic trough (AE, inset B). Figs. 3 and 4 show very definitely that the 
system NH,NO,-KNO, is of the solid-solution type, and it must be concluded that the 
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TABLE I. 


Liquid phase. Solid phase. Liquid phase. Solid phase. 
Pb(NO;),, NH,NO;, Pb(NO,),, NH,NO,, Pb(NO ),, NH,NO;, Pb(NO;)., NH,NO;, 
%. %. %. %. %. %. %. %- 


/ 


/0 4/0 


A. Mixtures located on the isotherm 150°. B. Mixtures located on the isotherm 160°. 
18°92 78°54 9-92 88°10 11°52 86°54 7°24 91-03 
16°91 78°02 10°04 84°93 7°27 86°88 4°96 90°33 
15°92 77°19 8°98 84°84 3°53 87°01 2°64 89°09 
14°87 77°28 7°09 85°60 1-96 87°02 1-29 89°31 
13°96 77°14 8°49 83°52 2°49 81°76 1-97 76°02 
14°11 74°24 8-01 69-00 4:03 79°98 3°10 73°42 
15°41 72-07 9°99 67°48 17-06 63°09 12-23 57°20 
21°89 60°99 16°29 55°40 34°46 38°71 25°81 28°60 
26°13 54°52 21-40 48°82 40°01 36°62 61-71 23-70 
33°52 43°47 24°98 33°41 40°02 46°41 63°79 28°49 
38°12 50°30 68°07 26°11 40°00 55°66 62°31 34°89 


C. Mixtures located on the isotherm 190°. 
8°32 62-03 5°92 50°94 44°93 23°12 64°49 15°01 
26°46 39°97 18°01 29°50 45°02 47°98 61°62 33°51 
40°13 21°87 26°56 14°82 





Fic. 3. 
Liquidus-solidus conjugation lines in the ternary system KNO,-NH,NO,-Pb(NO,),.  (Jsotherm 150°.) 








eutectic minima are due to partial miscibility of solid solutions. In Fig. 3 it is evident that 
there is a wide range of solid miscibility extending from 100% KNO, to about 35% KNO, 
on the one side, whilst in NH,NO,-rich mixtures the degree of miscibility is small, only 
100—92% NH,NO,. The other results (Fig. 4) support these conclusions, and in particular, 
the 160° isotherm results confirm the extent of the miscibility gap. It is considered that 
this interpretation of the present results affords strong support for the conclusions of 
Janecke, Hamacher, and Rahlfs (loc. cit.), and it appears that the miscibility gap is of 
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practically the same extent at both 150° and 160°. There is no evidence that pure ammon- 
ium nitrate separates from molten mixtures rich in this salt, as claimed by Perman and 
Saunders (loc. cit.), and it seems probable that their method of analysing the crystals 
separating from binary mixtures is unsatisfactory. Evidently the Schreinemakers prin- 
ciple as here applied is a more satisfactory means of investigating binary systems, and a 
high degree of accuracy is claimed for the present results. A large number of mixtures, 
covering a wide range of composition, has been examined, and this enhances the value of 
the results now reported. 


Fic. 4. 


Liquidus-solidus conjugation lines in the ternary system KNO,-NH,NO,-Pb(NO,),. (Isotherms 160° 
: and 190°.) 











Vv 





KNO3 P6(NO3)2 


The simple eutectic nature of the other two binary systems KNO,—Pb(NO,), and 
NH,NO,-Pb(NO,), involved in this investigation is very evident from Figs. 2, 3, and 4, 
and calls for no further comment. 


SUMMARY. 


(1) The liquidus surface of the system KNO,-NH,NO,—Pb(NO,), has been investig- 
ated. The ternary mixture of lowest freezing point has the following composition (weight 
%): KNOg,, 12; Pb(NOg3)o, 32; NH,NO,, 56. The f. p. is 127-5°. 

(2) Solids separating from various mixtures on the 150°, 160°, and 190° isotherms have 
been analysed, and it has been concluded that potassium and ammonium nitrates form a 
discontinuous series of solid solutions with a break in the solid miscibility between 8°% and 
35% of the former. This agrees with the thermal analysis of Janecke, Hamacher, and 
Rahlfs (Joc. cit.) on the binary system. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, January 7th , 1933.] 

















Table of Atomic Weights Issued in 1932. 203 


TABLE OF ATOMIC WEIGHTS ISSUED IN 1932 BY THE 
INTERNATIONAL UNION OF CHEMISTRY 


Sym- At. Sym- At. 

bol. No. At. wt. bol. No. At. wt. 
Aluminium ......... Al 13 26-97 Neodymium ......... Nd 60 144-27 
Antimony ............ Sb 51 = 121-76 BRE snisabvsnessecianee Ne 10 = 20-183 
BE sevencestensnee A 18 39-944 Nickel ............... Ni 28 «= 558-69 
BEE: exstccasectines As 33 74-93 Niobium Nb 
SED snsccnesceneses Ba 56 137-36 (Columbium) ... (Cb) 41 93-3 
Beryllium ............ Be 4 9-02 Nitrogen ..........6 N 7 14-008 
een Bi 83 209-00 Osmium  ............ Os 76 §=©190-8 
BL sevevecenerenne B 5 10-82 CIEE oncccccccsocecs O 8 16-0000 
nn Br 35 79-916 Palladium............ Pd 46 106-7 
Cadmium ............ Cd 48 112-41 Phosphorus ......... P 15 = 31-02 
CRIED csescsssssesens Cs 55 =: 132-81 Platinum ............ Pt 78 195-23 
CRIED sccceccsvesence Ca 20 40-08 Potassium ............ K 19 39-10 
GED enccscnenssance C 6 12-00 Praseodymium. ...... Pr 59 140-92 
RAID ccnspansnnionse Ce 58 140-13 ee Ra 88 225-97 
CRIGTMRG  cccccccocese Cl 17 35-457 Radom ...........0.6. Rn 86 222-00 
Chromium  ......... Cr 24 852-01 Rhenium ............ Re 75 186-31 
0 eee Co 27 58-94 Rhodium ............ Rh 45 102-91 
REE accncncansonsss Cu 29 = 63-57 Rubidium ............ Rb 37 = 85-44 
Dysprosium ......... Dy 66 162-46 Ruthenium ......... Ru 44 = 101-7 
eer Er 68 167-64 Samarium ............ Sm 62 == 150-43 
Europium ............ Eu 63 152-0 Scandium ............ Sc 21 45:10 
Fluorine _............ F 9 19-00 Selenium ............ Se 34 79-2 
Gadolinium ......... Gd 64 157-3 a Si 14 = 28-06 
ESS Ga 31 69-72 SE ntandnpeserecnines Ag 47 107-880 
Germanium ......... Ge 32 = =72-60 TN Na 1] 22-997 
ere Au 79 197-2 Strontium ............ Sr 38 87-63 
REIE. suscassenus Hf 72 178-6 EEE ccccscsesccsees S 16 32-06 
BEMEEEEID sesconsscteseas He 2 4002 Tantalum ............ Ta 73 181-4 
Holmium ............ Ho 67 163-5 Tellurium ............ Te 52 127-5 
Hydrogen ............ H 1 10078 Terbium ............ Tb 65 159-2 
a In 49 1148 Thallium ............ Tl 81 204-39 
DEEN scvonccannnvess I 53 126-932 Thorium ............. Th 90 232-12 
ar Ir 77 =—-193-1 BED. axennesescns Tm 69 169-4 
ae Fe 26 836 55-84 a eenanencseeneveines Sn 50 118-70 
Krypton .........04. Kr 36 = 83-7 Titanium ............ Ti 22 47-90 
Lanthanum ......... La 57 138-90 Tungsten ............ W 74 184-0 
a Pb 82 207-22 Uranium ............ U 92 238-14 
0 ree Li 3 6-940 Vanadium............ V 23 = «50-95 
Lutecium ............ Lu 71 175-0 eee Xe 54 131-3 
Magnesium ......... Mg 12 24-32 Ytterbium ......... Yb 70 = 173-5 
Manganese ......... Mn 25 64-93 rn Y 39 =. 88-92 
Mercury — ........... Hg 80 200-61 SEE épenesnendinneenean Zn 30 3=-: 65-38 


Molybdenum ...... Mo 42 96-0 Zirconium ...........+. Zr 40 91-22 








Rhodes: The Hydrolysis of Acetonesemicarbazone. 


58. The Hydrolysis of Acetonesemicarbazone. 
By J. E. WYNFIELD RHODES. 


ACETONESEMICARBAZONE was found to be extensively hydrolysed in aqueous solution, 
and it was decided to measure its degree of hydrolysis by comparing the partial pressure 
of acetone vapour over the solution with that over an aqueous solution of pure acetone 
of known concentration. By working at two temperatures, it was possible, by means of 
the van ’t Hoff isochore, to calculate the heat of the reaction between acetone and semi- 
carbazide; similarly, the heat of condensation of acetone vapour in acetone solutions of 
known concentration was evaluated by the Clausius—Clapeyron equation. 


—e TH fF © feo oe 


I. The Partial Vapour Pressure of Acetone in Aqueous Solutions. 


ea =-—-_ gett ae aie, 


The dynamic method appeared to be the most suitable, although it has been criticised 
by Tammann (Wied. Ann., 1888, 33, 322) ; with suitable apparatus and correct calculation, 
however, it has been shown by Menzies (J. Amer. Chem. Soc., 1920, 42, 1951) to give the 
same results as those obtained by the static method. Partington and his collaborators 
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(J., 1911, 99, 467; 1923, 123, 160; 1930, 635) have also used this method successfully 
but with a somewhat different technique. The most important points to be considered 
were (1) the design of the jet, (2) the admissibility or otherwise of rubber joints, and (3) 
distillation during heating and premature condensation during arun. _ 

(1) The size of the bubble must not be too small (Jones, J., 1911, 99, 160), since the 
internal pressure exceeds the external by 2y/r, where y = surface tension and r = radius 
of bubble ; hence, on theoretical grounds, the capillary type of jet and Schott’s sintered silica 
“ gaseinleitungsrohr,”’ which breaks up the gas stream into a multitude of fine bubbles, 
are open to objection; they were tried (see p. 206), but their useis not recommended. 
A further disadvantage of the latter is the very high hydrostatic pressure required to force 
the air through the disc. In both cases it is not known at what pressure the air becomes 
saturated with acetone, as the gas pressure is falling while the acetone is evaporating. 

(2) Rubber joints are condemned by Partington (J., 1911, 99, 467), but he gives no 
data as to errors caused by their use. It is difficult to dispense with them entirely, but 
in the later experiments they were used only on butt joints (see R,R; Fig. 1). Direct 
experiment failed to reveal any absorption by the rubber, but since a very small amount 
of absorption would affect the results in the most dilute solutions, a ground-glass joint 
(GG) was used in most of the experiments to join the saturating system to the absorbers. 

(3) The third source of error is more serious. The distillation leads to a lowering of 
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the concentration of acetone in the saturator before the experiment starts, so this con- 
centration should always be measured after a run. The condensation may arrest acetone 
before it reaches the absorbing system, and cause it to return to the saturator, giving rise 
to low and variable results. The tube J (Fig. 1) overcomes this difficulty : the condensed 
acetone runs back into the bend of the tube which is in one piece with the first part (A) 
of the absorbing system. During the preliminary heating, a little distillation takes place, 
so it is necessary to dry out the ground-glass joint and attached splash bulb B with filter- 
paper; neglect of this precaution leads to irregular results, as the condensate tends to be 
richer in acetone than the bulk of the solution. 

In general, the apparatus should be designed to work with a low hydrostatic pressure 
(see p. 204), for which a correction has to be applied, and this makes U-tubes inferior to 
wash-bottles as saturators, since the latter have a larger capacity for a given head of liquid. 
Further, the volume of air passing through the saturator is increased by water vapour 
taken up, and most of the latter is condensed before the air is measured, hence a correction 
must also be applied for the aqueous vapour tension. 


EXPERIMENTAL. 


Apparaius.—Early expts. varied in certain respects which are mentioned later. The 
standard apparatus is shown in Fig. 1, ,*; in. jets being used in the saturators. In order 
that there might be only a small fall in concn. in the acetone solution during a run, two satur- 
ators (S,, S,) were used; the first nearly saturated the air, so that little was removed from the 
second. 

The air was heated in the thin lead coil LC, which was about 10 ft. long. Two absorbers 
(A,, A.) sufficed to trap all the acetone, as shown by tests with a third; these were connected 
to a 2}-l. aspirator provided with a scale graduated to read in c.c. and with a bottle for levelling. 
Before a reading, the tap on the inlet tube (7) is closed, then a screw clip between the aspirator 
and the absorbers; the vol. of air in the aspirator is then measured after suitable levelling. 

The acetone was purified by redistn. until the b. p. was const., and the middle fraction of 
the last distn. alone was used. Known vols. of this were diluted to definite vols. with H,O, 
and the concns. of the solutions estimated iodometrically by Messinger’s method. 

Procedure.—The saturators are about half filled with an aq. acetone solution and the tube 
J attached, the vaseline used in the joint being so placed that it does not come into contact 
with the acetone-laden air. (Without vaseline, the joint tends either to come apart when 
the thermostat is stirred or to bind.) The union between the saturators and the lead coil is 
so arranged that the joint GG may be brought above the surface when required. The whole 
is immersed in a thermostat and maintained at a steady temp. for at least an hr. (longer if the 
acetone is produced by a slow reaction), the joint GG raised, disconnected, and the tubes / 
and A, rapidly flushed out with distilled H,O; A, is then filled to the level shown, the joint 
remade, and A, also filled with H,O to the level indicated and attached. The other side of 
A, is then connected to the aspirator, full of water. 

The stopcock T being still closed, the aspirator clip is opened and the vol. of air in the 
aspirator (derived from the expansion of the air in the rest of the apparatus) read. It is usually 
25 c.c., and as only a small part of it is due to expansion in S,, the error in neglecting its acetone 
content is inappreciable. The stopcock T is then opened, the screw clip adjusted to give a 
suitable rate of flow, and 500—4000 c.c. of air passed through; J is now closed, then the clip 
on theaspirator. The joint GG is broken and the contents of the absorbers washed into stoppered 
bottles. The saturators are also removed, quickly cooled, and a suitable vol. is withdrawn 
from S, for analysis. To each bottle and also to a blank are added 10 c.c. of 2N-NaOH and 
a 2-fold excess of I; after 1 hr. the solutions are acidified and titrated with Na,S,0,: 1 c.c. 
0-1N-I = 0-000967 g. acetone. The temp. of the air in the aspirator, and also its vol. after 
levelling to atm. press., are recorded. 

The v. p. is calc. by means of the formula p = 760(P — h — x)v/P(V + v), where p = 
partial v. p. of acetone; P = atm. press.; V = vol. of air; v = vol. of acetone vapour evapor- 
ated at ¢° and 760 mm. (calc. from the wt. of acetone found); / = hydrostatic diff. of press. 
between the air in S, and the atm. (measured in a separate expt. to avoid the loss of acetone 
which would be trapped in a manometer if one were included in the apparatus); x = diff. 
between the aq. v. p. at the temp. of the thermostat and the temp. at which the air was measured. 
Results.—Table I shows the connexion between the rate of flow of air (,°; in. jet) and acetone 
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evaporated, the latter being tabulated in terms of partial v. p. These results, plotted in Fig. 2, 
show that the rate of flow has little effect between 1000 and 2000 c.c./hr.; above and below 
these limits the apparent v. p. decreases. 

Table II shows results obtained in the same way with a porous septum (see p. 204); they 
agree with those in Table I. Table III shows the effect of substituting a ground-glass joint 
for the rubber joint used in the previous expts., and the effect of using a capillary jet in place 
of a ,3,” jet: the differences are of the order of the exptl. error. Table IV gives results 
obtained with different concns. of acetone solution at 49-7°; the quotient p/c rises as the con- 
centration falls instead of remaining const. as required by Henry’s law. 


Fic. 2. 
‘/litre). 
— 


B 
0-6 


7000 2000 3000 4000 
Velocity of air current (c.c./hr.). 


AB, p/c plotted against c (g./litre). DE, p (mm.) plotted against rate of flow of air (c.c./hr.). 


Table V records numerous expts. at 30-8° ; the rise in p/c as concentration falls is more marked 
at this lower temp. The mean value of this ratio for various concns. is recorded in Table VI. 
In the very dil. solutions the larger exptl. error is offset by taking the mean value of a number 
of expts. If log p is plotted against log c, the points lie well on a straight line corresponding 
to the empirical relation 

log c = (log p + 0-1494) /0-95 or p = 0-709 c®%®, 
where ¢ is in g./l. and pin mm. of Hg. Hence the value of p at 30-8° for a concn. of 3-97 g./I. 
is calculated to be 2-655 mm. At 49-7° the mean of 12 concordant expts. gives p = 6-94 mm. 
for the same concn., whence, from the Clausius—Clapeyron equation, the heat required to re- 
move | g.-mol. of acetone as vapour from this aq. solution = 10,000 g.-cal., a result noticeably 
higher than the value 9,000 g.-cal. obtained at 56° by Wirtz (Wied. Ann., 1890, 40, 446) for pure 
acetone. 
TABLE I. 
Hydrostatic press., 4 mm.; temp., 49°7°; acetone = 3°97 g./I. 

Rate of air flow, c.c./hr. 2000 3840 1200 835 1520 
V. p. (calc. from acetone evap.) ... 6°95 6°72 7°05 6°94 7°06 


TABLE II. 
Hydrostatic press., 26 mm.; temp. and concn. as in Table I. 


Rate of air flow, c.c./hr. : 2370 2880 
V. p. (calc. from acetone evap.) 6°81 6°82 


TABLE III. 
Temp., 49°7°; acetone concn. = 3°97 g./I. 
Rate of air flow, c.c./hr. 1600 * 4000 + 4000 F 
V. p. (calc. from acetone evap.) 6°88 6°95 6°37 
* Hydrostatic press., 4 mm.; ground-glass joint and ,*,”’ jet. 
» 66 mm.; capillary jets. 
TABLE IV. 
0°863 


1-524 
1°75 
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TABLE V. 
p, corr. p, corr. 

Temp. C. w.* to 30°8°. pic. Temp. c. w.* to 30°8°. pic. 
30°8° 76°60 071625 502 0°619 30°8° 0°744 = (000431 = 0577) 0775 
30°0 9°68 002590 = 598 0°618 30°38 = 0°752,—s« 000420 0°543—s 0722 
30°5 9°68 001959 = 5°71 0°590 30°55 0467 0°00258 0341 0°730 
30°5 9°68 0:02350 5°74 0°593 31:16 0388 0°00182 0°284 0°732 
30°5 8°66 0°02380 = 553 0°638 30°8 —s-0'2395 )=—- 0001386 §=0°204 = «0851 
30°9 3°72 0°01622 = 2°512 0°676 30°55 0°2395 0°001426 0°182 0°760 
30°9 3°80 0701242 2°568 0°676 30°45 0°2395 0°001436 0°1985 0°864 
30°9 3°76 002017 2497 0°664 30°45 =0°2395 0°001227 0°1760 0°754 
30°7 3°55 001503 2°335 0°659 30°55 =0°1600 §=0°000833) 071175) 0°735 
30°8 1340 000683 0-972 0°724 

Type of apparatus: u, second saturator a U-tube; yr, second saturator a CO, flask with capillary 
jet, saturators joined to absorbers by rubber joint; g, second saturator an all-glass wash-bottle with 
3;" jet joined to absorbers by a ground-glass joint. 
* w= Wt. (g.) of acetone carried over. 


eee a ke 


TABLE VI. 
9°68 3°72 1°34 0°744 0°467 02395 
0°619 0°610 0°669 0°724 0°748 0°730 0°772 


Discussion.—lf acetone obeyed Henry’s and Raoult’s laws in dilute solution the value 
of p/c at 30° would be 0-35 instead of the values found, viz., 0-61—0-77, and at 50° it would 
be 0-80 instead of 1-75—1-90; 7.e., the activity coefficient in the dilute solutions is much 
greater than that of pure acetone (taken as 1-00). This might be explained by supposing 
that pure acetone is highly self-associated, and that the breakdown of these complexes 
is still proceeding even in 0-1% solution. Solvation of the acetone also probably occurs. 
The net heat effect of these ta diceny is of the order of 1000 cal. 


Il. The Hydrolytic Constant of Acetonesemicarbazone and the Heat of Reaction between 
Acetone and Semicarbazide. 


The partial v. p.’s of acetone at 30-8° and 49-7° over solutions of its semicarbazone 
were measured; from the results at 30-8° the corresponding concns. of free acetone were 
calculated from the empirical formula » = 0-709c°® (p. 206). The results for 49-7° 
covered a smaller range of v. p., and the concns. were given with sufficient accuracy by 
the relation # = 1-75c, which is permissible because at this temp. Henry’s law is nearly 
true over a small concn. range. 

The semicarbazone was made from pure redistilled acetone and semicarbazide hydro- 
chloride, and recryst. ; its acetone content was checked by analysis. To 50c.c. of a solution 
containing not more than 0-2 g. of semicarbazone, 2-5 c.c. of dil. H,SO, (1 : 5) were added, 
and the solution heated to 100° in a current of air in an apparatus of the same type as 
that used for v. p. measurements. The acetone liberated was absorbed in three U- 
tubes containing H,O. From four such portions, the acetone thus recovered corresponded 
to 0-748 g. of semicarbazone, whereas 0-75 g. was taken. The acetone remaining after a 
Vv. p. expt. was occasionally checked in the same way, in order to prove that the acetone- 
semicarbazide equilibrium had not been seriously disturbed during the experiment. 


Hydrolysis of Acetonesemicarbazone at 30°8°. 

b’. p. C. h. K x 10°. 
0°13044 0°828 0°02030 15°6 374 
0°08696 0-692 0°01680 19°3 402 
0-08696 0°729 0°01743 20°0 437 
0°04348 0°478 O-OLLI1 25°6 382 
0°04348 0442 001041 24-0 (328) 
0°02174 0°317 0°00739 34°0 380 
0°01087 0°216 0°00493 49°3 409 
0:01087 0-215 0:00491 49°1 404 

Mean 398 


b and b’ = concn. of semicarbazone in g./l. and g.-mol./l. respectively; h = degree of hydrolysis 
%; K = hydrolytic const.; V, p, and c have their former significance. 


* At 30°65°. t At 30°55°. 
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Thompson, Hovde, and Cairns : 


Hydrolysis of Acetonesemicarbazone at 49°7°. 
b’. p. C. 

0°1739 3°78 0°03725 
0°1739 3°69 0°0364 

0°06522 2°135 0°02103 
0°03478 1-420 0°01399 
0°1739 3°70 0°03645 
0°1739 3°73 0°03678 
0°04348 1°64 0°01617 
0°04348 1-614 0°01592 


K x 105, 
1060 
964 
1001 
942 
992 
1002 
957 
920 


Mean 974 
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§ At 49°2°. t At 49°4°. 


For these two expts., the values of K were corr. to 49-7° by the use of the experiment- 
ally determined temperature coeff. 

Application of the van ’t Hoff isochore gives the heat of the reaction between semi- 
carbazide and acetone as 2-3(log 0-00974 — log 0-00398) x 303-8 x 322-7 x 1-98/18-9= 
9179 g.-cal. 

SUMMARY. 

A dynamic or transpiration method has been worked out for the measurement of partial 
vapour pressures, acetone being used as an example. 

Henry’s law is not obeyed over a concentration range of 76-6—0-16 g. per litre at 30° 
and 50°. 

The heat of evaporation of acetone from an aqueous solution containing 4 g. per litre 
is greater than that of anhydrous acetone. 

Both these effects may be due to self-association and solvation of acetone—the former 
in concentrated and the latter in dilute solutions. 

The method has been applied to determination of the hydrolysis of acetonesemicarbazone 
at 30-8° and 497°, and from the data obtained the heat of reaction of its generators has 
been calculated. 


The author thanks Mr. G. W. F. Holroyd, M.A., F.1.C., for his interest in this work. 
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59. The Oxidation of Carbonyl Sulphide. 


By H. W. THompson, F. L. Hovpe, and A. C. H. Catrns. 


THE oxidation of carbon disulphide has long been a subject of study (Bone and Townend, 
“Flame and Combustion in Gases,” Chap. 33). In particular, experiments have been 
made upon the explosive reaction with a view to determine the mechanism of the process. 
The results obtained were somewhat discordant, and it was often supposed that this 
irregularity was due to the presence of varying amounts of impurities in the substances 
employed. 

The process has certain characteristics of a chain reaction, since it shows limit pheno- 
mena often found in such reactions (Thompson, Z. physikal. Chem., 1930, B, 10, 280; 
Thompson and Kearton, zbid., 1931, B, 14, 359). There appears to exist a critical region 
of temperature and pressure within which spontaneous ignition of carbon disulphide- 
oxygen mixtures occurs, but outside which no measurable change can be detected. The 
relationships are very similar to those exhibited, e¢.g., by mixtures of oxygen with phos- 
phorus (Semenov, Z. Physik, 1927, 46, 109; 1928, 48, 571) or hydrogen (Thompson and 
Hinshelwood, Proc. Roy. Soc., 1929, 122, A, 610; cf. zbid., 1931, 180, A, 640; 1931, 134, 
A,1; 1932, 138, A, 311). 

The influence of different factors upon the critical limits for explosion were examined, 
to obtain evidence, if possible, of a reaction chain which would accord with the facts. 
Although there seemed to be indications that the chains are broken by carbon disulphide 
itself, and although it was to some extent plausible to assume the initial production of 
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some chemically active peroxidic compound, yet the nature of the chains was not fully 
elucidated. 

For this reason, and also since the necessary experimental procedure was laborious, it 
seemed advisable to examine the very closely related process—the oxidation of carbonyl 
sulphide—in the hope that it might lead to an explanation of both reactions. No kinetic 
measurements upon the oxidation of carbonyl sulphide have previously been made, although 
it is recorded that its ignition temperature is higher than that of carbon disulphide-oxygen 
mixtures. (The latter ignition temperature may, however, be considerably affected by an 
alteration in the experimental procedure.) 

The results to be described indicate that mixtures of carbonyl sulphide and oxygen 
exhibit the same general phenomena as those of carbon disulphide and oxygen, though 
there are differences in detail. There is no noticeable change below about 205°. Above 
this temperature explosion may occur if the pressure is above a certain value depending 
somewhat on the temperature. There may also be an upper pressure limit for the explosion, 
above which no change occurs, but this is rather indefinite and probably only exists over 
a narrow range of temperature. In the absence of explosion, no measurable reaction 
occurs. The effect of inert gases and other factors upon the conditions required for ignition 
is usually in agreement with that which would be anticipated if the phenomena were 
truly connected with the propagation of branching reaction chains; occasionally there are 
important differences. 

Such chain hypotheses have recently been adversely criticised, but no more reasonable 
alternative explanation has been advanced adequately and unambiguously to cover the 
facts. Further, lack of validity of the theory in no way affects the reality of the facts : 
the two have often been confused, irregularities in the observations being considered to 
forbid the construction of explanatory hypotheses. Such irregularities, which occur, 
e.g., in the two oxidations under discussion, are often probably inherent in the mechanism 
of the process; for example, they may arise from differences in the state of the surface 
of a reaction vessel in successive experiments. In these circumstances it is pointless to 
give detailed experimental data; accurate “ absolute ’’ values of the pressure limits for 
ignition in such cases only have a meaning if many more conditions are specified than is 
possible at present. The data given below represent averages of many experiments made 
to discover how the critical pressure limits for explosion vary with different factors, 
“blank ’”’ or control experiments being suitably interspersed, and the wall conditions 
maintained as fixed as possible. 


EXPERIMENTAL. 


COS, prepared by the action of dil. H,SO, on NH,NCS (Moser, ‘‘ Die Reindarstellung der 
Gase ’’), contained H,S, HCN, and CS,; the bulk of the last was removed in a freezing mixture, 
the HCN absorbed by KOH aq., and H,S by Pb(OAc),. The final traces of CS, were removed 
by a mixture of PhNO,, PhNH,, and PEt,;. The final product gave no test for H,S or CS,. 
Even if small traces of H,S had been present, it seems very improbable that they would bring 
about the phenomena observed. To counter the (probably invalid) objection that traces of 
the PEt, used in the purification might cause the explosion phenomena, the purifying mixture 
was subsequently dispensed with. Careful control of the conditions of the preparation and 
the freezing mixture used to collect CS, made it possible to obtain samples of COS free from 
this substance : the results were the same. 

O, was taken from a cylinder and dried by P,O,; it gave the same results as O, obtained 
by heating KMnO,. The P,O, was not specially purified. It has been suggested that traces 
of phosphines thereby introduced vitiate the results. This is very improbable, for the pheno- 
mena with COS fall into line with those of CS,, and if phosphines were present very much 
lower ignition temps. would be noticed. Moreover, this objection would cast doubt on many 
of the expts. on reaction kinetics during the past few years. 

Since, in the explosion of COS with O,, complete oxidation involves a volume change, COS +- 
130, = CO, + SO,, it seemed convenient to follow the reaction statically. It is unfortunate 
that the interesting phenomena observed occur predominantly in a region of low press., but 
experience and analyses indicate that no serious errors are introduced by the necessity of 
measuring small press, changes. 

P 
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The apparatus consisted of a cylindrical or spherical Pyrex reaction vessel held within an 
electric furnace. An oil-bath often replaced the furnace with the same results, so that variations 
of temp. in the furnace can be disregarded. The gases, which were stored in glass globes, 
were introduced via capillary tubing. Pressure changes were recorded on a Hg manometer. 
The apparatus could be evacuated by means of a Hg-vapour pump backed by a water pump. 
For the expts. in which a mixture of the two reacting gases was employed, a mixing vessel 
was inserted into the apparatus. Inert gases were introduced from filled globes in a similar 
manner; N, and A were from cylinders, SO, from the liquid, and CO, was obtained by heating 
MgCO,. Reaction vessels of various diameter (2—5 cm.) were employed. 

In other expts. used to determine the conditions of temp. and press. necessary for explosion, 
mixtures of COS and O, were sealed in cylindrical glass tubes of known diameter and these 
were immersed successively in an oil-bath maintained at the desired temp. 


RESULTs. 


Several important conclusions are already established. The inferences drawn from them 
made it desirable to re-examine certain features of the oxidation of COS. 

It is impossible in any circumstances to observe a slow reaction between O, and COS. 
Mixtures of the two substances either explode spontaneously under the prevailing conditions 
of temp. and press., or do not react measurably at all. The explosion is accompanied by a 
bluish flash, and the resulting contraction in vol. is approx. 80% of that required by the equation 
COS + 140, = CO, + SO,. The deficiency might arise in one of two ways. Either all the 
COS is partially oxidised to CO as well as CO,, or part of it is completely burnt in accordance 
with the idea of a “‘ residual pressure ’’ suggested by some expts. of Semenov and others. For 
a variety of reasons the first of these alternatives is favoured. In the second case the % press. 
contraction would vary with different initial concns., but actually there is no appreciable 
variation. Moreover, analysis shows that CO is produced in the explosion. Complete analysis 
of these mixtures is difficult, but after complete absorption of COS, CO,, SO,, and O, with KOH, 
and alk. pyrogallol, the residue was absorbed by Cu,Cl,, and this could only be CO. In different 
analyses the % of this residue varies slightly but is in fair accord with the requirements for 80% 
complete combustion. Very little solid is deposited from the explosions. 

Analyses similar to these were subsequently made with CS,—O, mixtures, and the results 
were essentially the same. In testing for CO, PEt, was used to absorb CS,, and CO, and SO, 
were absorbed in KOH aq. as before. 

The possibility that a slow reaction occurred without press. change in the absence of 
explosion was excluded by keeping a 1COS + 140, mixture in the heated reaction vessel for 
a considerable time, removing it by means of a vacuum pipette, and treating it with KOH aq.; 
the residue (O,) was still approx. 60% of the whole, showing that no CO, or SO, had been 
formed. 

An induction period, extending from secs. to many mins. in different expts., usually precedes 
explosion, and is found whatever method is used for carrying out the expts., i.e., whether the 
gases are introduced successively into the heated vessel, or whether they are premixed. It is 
not certain whether a similar induction period occurs when COS—O, mixtures in clean glass 
tubes are immersed in an oil-bath at a temp. such that explosion occurs; the time required 
for the heating of the system in these circumstances can be only roughly estimated. It is 
probable, however, that with the clean vessels, the induction period, if it occurs, is more 
reproducible. 

The duration of the induction period varies with the press. of the gases. It might be 
expected to decrease with increasing pressure. At lower pressures this is so, but at higher 
pressures the reverse is observed, the induction period eventually becoming so long that explosion 
does not occur. The existence of such an upper crit. press., below which spontaneous ignition 
occurs and above which there is no observable change, is, however, unlike the case of CS,, 
confined to a very small range of temp. 

The foregoing facts indicated the existence of a press. region for explosion of the type found for 
CS, and O,; attempts were therefore made to discover the temp. and press. limits bounding 
this region. 

Lower Limiting Critical Pressure—To determine the lower crit. press. limit at any temp., 
a 1COS + 140, mixture was introduced into the heated evacuated reaction vessel to suc- 
cessively different pressures. Below about 205°, no change was observed with total press. 
up to 600 mm. over long periods. At higher temps. explosion occurred, e.g., at 217°; as the 
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following table shows, the lower limit is approx. 37 mm. in a vessel of 4 cm. diam. (expl. = 
explosion) : 
Induction Induction 
Result. period. Pcos.- Pos: Result. period. 
No expl. (4’) —— 35 53 Expl. it 
No expl. (5’) -- 45 69 a 
Expl. : ad 47 71 pe 10” 
12” 72 108 Pe 15” 
11” 78 119 Noexpl. (4) — 
ae 96 145 No expl. (3’) ~- 


This lower limiting press. decreases rapidly at first and then slowly with increasing temp. ; 
at the lowest temps. for explosion in the vessel of 4 cm. diam., i.e., about 205°, it is just below 
100 mm. : 

BOER, acnstesnccicdececsesscsntnscagapesaasacees 235° 227° 220° 217° 215° 
Lower limit, Pcos +140, (mm. Hg) 35 37 38 41 


Expts. were also made to determine the effect of alteration in vessel dimensions upon the 
lower crit. explosion press. At 240° in a vessel of 4 cm. diam. it was of the order of 30 mm.; 
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in one of 2 cm. diam. no explosion occurred below about 240°, where the limit was ca. 200 mm. 
Decrease in the vessel dimensions therefore raises the lower limit. 

Addition of N, or A depresses the partial press. of COS plus O, required for explosion at 
any temp.; SO, behaves in the same way at first, but larger additions raise the limit rapidly. 
CO, raises the limiting press. even more effectively. These results are depicted in Fig. 1, and 
Fig. 2 shows that similar results are obtained with CS,-O mixtures. CO, and SO, have a 
particular ability for decreasing the ease of ignition in both reactions; A and N, behave, qualit- 
atively at least, as would be expected on the basis of other results (see p. 212). 

Upper Limiting Critical Pressure —The results in the above table suggested the possibility 
of determining an upper crit. press. for explosion at the lower temp. This is attainable 
because the induction period is iong enough to allow the introduction of the mixed gases into 
the vessel up to the required press. above the upper limit, before the explosion consequent 
upon an overstepping of the lower limit occurs. For instance, at 217° in a vessel 4 cm. in 
diam. the upper limit appears to be about 180 mm. for COS + 1}0,. Another series of expts. 
at 220° in a 4-cm. diam. vessel is given below : 

Pcos + 140, 73 82 122 203 281 
Result expl. Expl. Expl. Expl. No expl. (5’) 
Induction period ; 2” 1” 3” — 
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At higher temps. the shorter induction periods made this procedure impossible, and other 
methods, which had been used in expts. upon the combination of H with O, (Thompson and Hin- 
shelwood, Joc. cit.), were therefore tried. In the first, one of the reactants was introduced into the 
heated reaction vessel to a definite press. and the other was then added in the requisite pro- 
portion. It was thought that with pressures of the first gas below a certain value, ignition 
would occur on introduction of the second, but with higher pressures no ignition would occur. 
The following table indicates that with 1COS + 140, in a vessel of 4 cm. diam. the press. of 
COS (introduced first) at 220° is approx. 110 mm. 


76 100 104 119 134 
122 150 161 185 203 


Expl. (8”) Expl. (2”) Expl. (5’”) No expl. (10’) No expl. (10’) 


When O, is admitted first, the crit. press. has a different value. 

Determinations of the upper crit. limit in this way show that it increases rapidly with 
temp., so that above about 230° it is not amenable to measurement. 

Despite the arguments which have been raised against its validity, the “‘ withdrawal ”’ 
method of determining the upper limit was next tried, although accurate values could not be 
expected, especially in view of difficulties caused by the induction period. COS was introduced 
into the reaction vessel at such a press. that no explosion occurred on addition of O,. The 
mixture was then slowly evacuated in order to determine whether explosion occurred at the 
upper limit. It is remarkable that explosion on withdrawal is very rarely observed, although 
it occurs in some cases. For example, at 215° in the larger reaction vessel, with press. of COS 
and O, of 186 mm. and 284 mm. respectively, no reaction took place after 30 min., but the 
mixture exploded on withdrawal at approx. 140 mm. In another expt., in which no press. 
change had been observed over many mins., the press. was somewhat reduced, and after an 
appropriate induction period the mixture exploded at the lower press. At 220°, with 112 mm. 
of COS and 168 mm. of O,, no explosion occurred in 5 min.; on reduction to a total press. of 
143 mm., the mixture then exploded after 15 sec. 

The failure to explode on withdrawal was noticed in the original expts. with CS,—-O mixtures. 
It seems probable that gaseous deactivation processes are operative at the upper limit, but 
there are other complications. An entirely independent investigation on the oxidation of CO 
suggests that the starting of the chains may be affected by “ poisoning ’’ processes at the vessel 
walls (Hadman, Thompson, and Hinshelwood, Proc. Roy. Soc., 1932, 1387, A, 87; 138, A, 297). 
It may well be that similar processes are in play here too, so that no ignition is observed on 
evacuation. In this connexion another phenomenon was observed: when a COS—O, mixture 
is introduced into the reaction vessel to a press. below the lower limit, no explosion occurs, and 
if after an interval of some secs. more of the mixture is introduced, no explosion occurs on 
passing the lower limit. This must indicate the occurrence of some “ poisoning ’’ process. 

Other General Resulis—Although the method of heating mixtures of CS, and QO, in sealed 
tubes was expected to give entirely reproducible values for the press. limits, since a “ clean” 
surface was used in each expt., yet perfect regularity was not obtained. Several facts can, 
however, be deduced from the results. First, the crit. press. region for explosion, though of 
the same form, lies at higher temps. than those found by the other method: the reason for 
this is not known, but the tubes used in these expts. were narrower than the larger reaction 
vessel employed in the earlier ones. Again, no upper limit could in general be observed. This 
may be either because the upper limit increases rapidly with temp. or because “ metastability 
phenomena ”’ are operative (see Hadman, Thompson, and Hinshelwood, Joc. cit.). 

Attempts were made to obviate the occasional erratic results by ‘‘ washing out ”’ the reaction 
vessel with COS or O, between successive runs. In the expts. with CS,, this was similarly 
used. The procedure did not give more satisfactory results, but in the expts. with CS, the 
lower press. limit for explosion was raised, i.e., the ignitability was decreased. 


DISCUSSION. 


The principal facts are illustrated by Fig. 3. The absence of a measurable reaction 
between carbonyl sulphide and oxygen, and the sudden transition under certain con- 
ditions from this state to that of explosion, are probably to be interpreted by assuming 
the propagation of branching reaction chains. The alternative would be that it is the 
result of a ‘‘ thermal”’ process starting on the active points on the vessel walls; but for 
a variety of reasons this is thought to be improbable. 
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The relationships would therefore appear to be similar to those found in the oxidation 
of carbon disulphide. There is a lower critical pressure limit only slightly dependent 
upon temperature. Whereas, however, in the latter case the upper critical pressure 
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bounding the explosion region is quite definite, yet with carbonyl sulphide it is very un- 
certain and may only exist over a narrow range of temperature. The difference in the 


two processes may be due to the difference in the gaseous deactivation processes occurring. 
In the oxidation of carbon disulphide the chains are broken by the carbon disulphide 
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itself; this may be true of carbonyl sulphide too, but to a much smaller degree. The 
existence of the induction period and the way in which it varies with pressure in the 
neighbourhood of the limits suggest that a finite time is necessary for the establishment of 
branching chains in the gas. 
Recently, data on lower limits of this type have been applied as a test of the relation- 
ship £,,[1 + p2/D(p, + 2)]d? = const. which is derived on the basis of the theory of 
reaction chains; ~, and #, are the pressures of the reactants and fz that of the inert gas 
at the limit; D is the diffusion coefficient of active centres through the reaction mixture, 
and d the diameter of the vessel (Melville and Ludlam, Proc. Roy. Soc., 1931, 132, A, 108; 
Thompson, Trans. Faraday Soc., 1932, 28, 300; J., 1932, 933; Hinshelwood and Moelwyn- 
Hughes, Proc. Roy. Soc., 1932, 188, A, 311; Melville, Trans. Faraday Soc., 1932, 28, 814). 
In the absence of inert gases the following relationships should then hold: fgosPo, . d? = 
const., and fos,ho, . 42 = const. It is difficult to test these equations, for two reasons : 
(1) the lower limit depends more upon temperature than is usually the case; (2) the 
pressures are rather small and variations due to the erratic nature of the process may 
mask the observations. For carbonyl sulphide-oxygen mixtures, mean values for the total 
limiting pressures in vessels of 4 and 5 cm. diameter are respectively 33 and 27 mm., whence 
d. k. 
+ 4160 
5 4400 

The agreement is good but may be fortuitous. 

The inert-gas effect is best examined by plotting 1/f,), against [1 + fz/(/, + ,)| 
for one vessel and one temperature. Such curves (Figs. 4 and 5) are based on the calcul- 
ations shown in Table I. 

TABLE I. 


Carbonyl Sulphide-Oxygen Mixtures. 


Temp. 230°. Vessel 5-0 cm. diameter. 
Inert gas, and %,. Protal- pz 100/Pib2 = Pz/(b1 + 2)- 
Argon 0 27 0°568 0°00 
25 1°04 0°25 
21 2°14 0°50 
51 20 4°35 1°04 
23°5 6°37 1:90 
Nitrogen 0 27 0°568 0°00 
22 1°52 0°33 
20°5 2°10 0°46 
20 5°88 1°26 
Sulphur dioxide 27 0°568 0:00 
28°5 0°804 0°25 
—_ — 0°38 
Carbon dioxide 27 11 0°568 0:00 
32°0 11-2 17°0 0°526 0°14 
40°0 12°8 19-2 0°406 0°25 
— — _- — 0°33 
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Temp. 170°. Vessel 2°5 cm. diameter. 
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The relationships are not obeyed closely. Argon and nitrogen are qualitatively in agree- 
ment, but carbon dioxide and sulphur dioxide show a fundamental discrepancy. These 
gases appear to have a peculiar ability to break reaction chains. The effect of the former 
is most marked and at once suggests a possible reason for some of the erratic results; 
for traces of this substance remaining in the reaction vessel owing to incomplete evacuation 
might introduce error. 

The selection of a cycle of changes which might occur in the process is necessarily 
difficult, but a few possible chains are given below: they may be either “ material ”’ or 
“energy” in type, or a combination of both. Spectroscopic investigation of the flame 
of burning carbon disulphide indicates the presence of SO and S, radicals (Fowler and 
Vaidya, Proc. Roy. Soc., 1931, 182, A, 310). These might well arise here too. Again, 
carbonyl sulphide, like carbon disulphide, may be, in part, a chain-breaker. The experi- 
ments of Harteck and Kopsch show furthermore that oxygen atoms bring about rapid 
oxidation of carbon disulphide (Z. physikal. Chem., 1931, B, 12, 327). In the oxidation 
of both the disulphide and the oxysulphide, carbon monoxide is formed. 


A. Oxidation of Carbon Disulphide : 
(1) CS, + Og ——> CS,,0, peroxide theory. 
(2) {CS,0, + 0, —> CO, + 2SO | 
(\CS,,0, + CS, —> 2CS + 2SOJ 
) CS,,0, —> CS + SO, 
SO + O, —~> SO, + O O atoms (Harteck and Kopsch). 
+ CS,——> CS + SO CS deposited. 
+ CS + O,—> CO, + SO, 
+ O,—-> CO + SO CO formed, preferred to (6) ? 
+ CS,—> CO + 35 S formed? Breaking effect of CS,. 
0o+0+xX—>O, upper limit ? 
oO+SO + X—> SO, end of chain. 


giving branching chains. 


B. Oxidation of Carbonyl Sulphide : 
(1) COS + O, —> COS,O, peroxide theory. 
(2) COS,O, + COS —> 2CO + 2S0 giving branching chains, 
(3) COS,O, —> CO, + SO 
(4) SO + O, —> SO, + O 
(5) O + COS—> CO + SO 
CO, + 2S 
ae 
(6) SO + COS \ CS + 80, 
(7) Og + CS + O, —> CO, + SO, 
(8) CS + O,—> CO + SO 
(9) O+0+xX—~>0O, 
(10) O + SO + X—~+> SO, 
(11) S + O,—~ SO, 


The peculiar ability of carbon dioxide and sulphur dioxide to break the chains, how- 
ever, rather suggests the presence of chains by which energy is transferred from “ hot ” 
molecules of these substances to the corresponding “ cold’ molecules. This process may 
occur with special ease. Such steps as the following may occur : 


(1) CS, + O, —> CS,,0, (4) O,* + CS + O, —> CO,* + SO,* 
(2) CS,,0, —> CS + SO,* (5) CS + 0,* —> CO + SO 
(3) SO,* + O, —> O,* + SO, 


SUMMARY. ; 


_ The thermal oxidation of carbonyl sulphide is a chain reaction which exhibits discon- 
tinuities of the type observed in other similar processes. Explosion occurs under certain 
conditions of temperature and pressure; otherwise reaction is not noticeable. The 
influence of various factors, such as vessel size and addition of inert gases, agrees to some 
extent with that which would be expected, but with carbon dioxide and sulphur dioxide 
the inert-gas effect is abnormal. These substances have a peculiar power of breaking 
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reaction chains. Cycles of changes are suggested for the reaction and also for the closely 
related oxidation of carbon disulphide. 


We thank the Chemical Society for a grant, and one of us (F. L. H.) is indebted to the 
Rhodes Trustees for a Scholarship. 
UNIVERSITY MusEUM, OXFORD. [Received, July 1st, 1932. Amended, January 9th, 1933.) 


NOTES. 


The Preparation of Ethyl 8-Iodopropionate. By JoHN W. BAKER. 


Etuyt 6-chloropropionate (254 g.) was refluxed for 24 hr. with 350 g. of NaI in 300 c.c. of 
EtOH. The product was largely diluted with Et,O, and the filtered solution washed with 
H,0O, Na,CO, aq., and dil. Na,S,O, aq. and dried. Fractionation gave (1) 20 g., b. p. up to 
93°/20 mm., mainly impure iodo-ester, and (2) 344 g., b. p. 85—95°/14 mm., of almost colourless 
iodo-ester. From the Na,CO, extract, approx. 25 g. of B-iodopropionic acid, m. p. 80—82° after 
draining, were obtained. The conversion is 92%, and the yield of almost pure iodo-ester 81%. 
The ester condensed with ethyl sodioethanetricarboxylate to give an 80% yield of ethyl 
butane-«868-tetracarboxylate (Kay and Perkin, J., 1906, 89, 1642, obtained an 85% yield). 


The author thanks the Royal Society for a grant.—THE UNIvERsItTy, LEEDs. ([Received, 
December 6th, 1932.] 


The Absorption Spectra of 2: 2’-Dimethyl- and 2: 2’-Diethyl-selenocarbocyanine Iodides and of 
p-Dimethylaminostyrylbenzthiazole Methiodide. A Correction. By L. MARSHALL CLARK. 


THE two iodides have been examined by Dr. F. M. Hamer and Miss N. I. Fisher (this vol., 
p. 191), who inform me that the spectra of their products are different from those described by 
me (J., 1928, 2313). I have therefore examined alcoholic solutions of my old specimens and ofa 
new preparation of 2 : 2’-diethylselenocarbocyanine iodide, kindly supplied by Dr. Hamer, on 
a direct-reading Hilger spectrometer. From the results now obtained, it is clear that the 
previously reported data are incorrect, and that the error is due to a personal misunderstanding 
of entirely accurate photographs of the spectra supplied by Messrs. Ilfords Ltd. 

The wave-lengths of the absorption bands are as follows : 2 : 2’-Dimethylselenocarbocyanine 
iodide, A570upu; 2: 2’-diethylselenocarbocyanine iodide, A570yuy; p-dimethylaminostyry]l- 
benzthiazole methiodide, A 516 wu.—[ Received, January 30th, 1933.] 











The Identification of Alcohols in Dilute Aqueous Solution. By HERBERT HENSTOCK. 


TuE Schotten—Baumauin reaction, with certain modifications, was found to be suitable for the 
purpose. 2}$% Aq. EtOH at 15° gives no yield of ester, but does so at a lower temp. Menalda 
(Rec. trav. chim., 1930, 49, 967) has described a similar phenomenon. If, in conjunction with 
lowered temp., a salt is added prior to the p-nitrobenzoy] chloride, the yield is further raised by 
an amount dependent on the nature of the salt. 

A solution of 2 g. KOH and 1 g. NaOAc,3H,0 (or an equiv. molar quantity of other salt) in 
aq. alcohol of known percentage was cooled to — 15°, shaken with 1 g. of p-nitrobenzoy] chloride 
for 1 min., cooled, and shaken again. Another 1 g. of reagent was added, and the process 
repeated. After dilution with 30—40 c.c. H,O and subsequent shaking, the mixture was kept for 
30 min. or until it became clear. The filtered ester was washed with H,O, air-dried, and recrystal- 
lised from suitably dil. alcohol. For concns. of alcohols below 2}% one-half the wts. were used. 

M.p.of % Yield at —15° % Yield at —15° % Yield at 15° Lowest % alcohol 

Alcohol. ester. with NaOAc. without salt. with salt. identifiable. 

96° 60 35°4 15°5 
57 35°2 10°0 0-0 
32 32°3 12°9 
55°5 19°4 0°0 
35 33°3 22°2 
67 51°8 48°0 ‘ 
54 37°0 — 0°50 

There is an optimum concn. for each salt, KOH, and alcohol corresponding to a max. yield 
of ester. 

Yields with other salts were : sodium formate and propionate 26-4, n-butyrate 8-8, succinate 
22-0, citrate 10-8, sulphate 29-3, carbonate 23-4, nitrate 17-6, chloride 14:-6%, and potassium 
acetate 11-7, propionate 3-5, m-butyrate 16-0, and succinate 6-1% from EtOH.—UNIVERsITY 
COLLEGE, EXETER. ([Received, March 10th, 1932.] 
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60. Constitutional Factors controlling Prototropic Changes in Carbonyl 
Compounds, Part III. The Prototropy of Nuclear-substituted Aceto- 


phenones. 
By W. S. NATHAN and H. B. Watson. 


CO-ORDINATION with the catalyst is the first step in the scheme put forward by Lapworth 
and Hann (J., 1902, 81, 1513) to represent an acid-catalysed prototropic change, and in 
all ‘“‘ acid mechanisms ”’ suggested subsequently (e.g., Hughes and Watson, J., 1929, 1949). 
Numerous experimental facts indicate that such co-ordination occurs, and in the present 
series of investigations it has been made evident by the considerable rise of temperature 
produced when hydrochloric acid is mixed with acetone or acetophenone, the increased 
solubility of the brominated acetones and of acetophenone due to the presence of mineral 
acid, and the fact that, in the preparation of suitable buffer solutions for the determination 
of free bromine in presence of brominated ketone (Part I; J., 1931, 3323), the presence 
of acetophenone reduces the quantity of sodium acetate necessary. These observations 
lead to the further conclusion that co-ordination is a relatively rapid process; it is 
not, therefore, the measurable stage in a prototropic change proceeding via the “ acid 
mechanism.” 

Emphasis has already been laid on the influence of neighbouring atoms and groups 
upon the capacity of carbonyl oxygen for co-ordination, as shown by the effects of acid 
catalysts upon the prototropic changes of various ketones; ¢.g., substitution of halogen 
atoms in the acetone molecule leads to a progressive decrease in the efficiency of acid 
catalysts (Part II; J., 1932, 1207). The acid-catalysed prototropic change of the com- 
pound CH,*COR may be represented thus, 


the () TX (2) es 
—a + Ht oe —— eal sts te + Ht 


where (2) is the measurable stage. The velocity of the change, under any given conditions, 
is 

V = k [complex] = kK [ketone][H*] =  . Rass /Raigg, - [ketone][H*], 
where ,,,, and ajc, are the velocity coefficients of the association and the dissociation 
respectively of the complex. Consideration of the experimental data as a whole leads 
us to introduce, at least provisionally, a simple and not unreasonable assumption that 
alteration of the nature of R will produce a change in the dissociation of proton from 
oxygen (stage 1 reversed) of the same character as and proportional to the change in the 
dissociation of proton from a-carbon (stage 2). Then, for a series of ketones CH,-COR, 
k = chajgs,, Where c is a constant for the series, whence 

V = Casa [ketone][H*]. 

huss, (and therefore V) will obviously be increased by accession of electrons to, and 
decreased by recession of electrons from, carbonyl oxygen. 

A simple example is found when acetaldehyde and acetone (R = H and CH; respectively) 
are compared. Both compounds react with halogen after preliminary prototropic change 
(Lapworth, J., 1904, 85, 30; Dawson and Leslie, J., 1909, 95, 1860; Dawson, Burton, and 
Ark, J., 1914, 105, 1275), which occurs at an almost negligible rate in aqueous solution 
but is accelerated powerfully by acids. The results of Dawson and his collaborators, 
though not strictly comparable, indicate qualitatively that, in presence of an equal con- 
centration of acid, acetone changes more rapidly than does acetaldehyde. Observation is 
thus in harmony with anticipation, since, relatively to hydrogen, methyl causes accession of 
electrons to the carbonyl group. A group causing electron-recession from carbonyl, on the 
other hand, will oppose co-ordination, and hence the prototropic change of pyruvic acid 
(R = CO,H) is accelerated but little by acids (Hughes and Watson, Joc. cit.), and the 
“basic mechanism ” predominates in neutral or slightly acid solution (Part II; p. 1211). 
The halogenated acetones provide a similar example. 

Q 
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The present communication describes an investigation of the kinetics of bromination of 
acetophenone and certain of its nuclear-substituted derivatives (R in CH,-COR = C,H, 
and C,H,X). The measurements were conducted at 25° in 50% or 75% acetic acid medium, 
since the solubility of the majority of the ketones in water is but small, and excess of the 
ketone (at least 20 mols. per mol. of bromine) was employed throughout. As in the case of 
acetone, the velocity is independent of the concentration of the halogen; Dawson, 
Wheatley, and Ark (J., 1910, 97, 2048; 1911, 99, 1740) observed a similar phenomenon in 
the iodination of certain of these compounds. Under the conditions of our experiments 
the reactions are exceedingly slow in absence of added catalyst, but greatly accelerated by 
mineral acids. The measured velocity is therefore that of a prototropic change proceeding 
via the “ acid mechanism.” 

Dawson and Wheatley (loc. cit.) found that, in presence of an equal concentration of 
acid, acetophenone undergoes prototropic change less readily than acetone, the ratio of the 
velocities being 0-37 to 1. Our bromination experiments have confirmed this result, and 
it appears, therefore, that acetophenone co-ordinates with the catalyst less readily than does 
acetone; the inference is that phenyl, relatively to methyl, causes electron-recession from 
carbonyl. 

For a series of p-substituted derivatives of acetophenone, in presence of a constant 
concentration of hydrochloric acid, the order of velocities is p-Me>H>-I1>-Br> 
p-Cl>p-NO,. Thus, methyl, which is consistently electron-repelling, induces the most 
rapid reaction, while nitroxyl, which is invariably electron-attracting, causes the greatest 
retardation, and, in general, the order of velocities of prototropic change of compounds 
CH,*CO-C,H,X is the same as that of the dipole moments of C,H;X. 

The results are summarised in the table, which records the fall in N/50-thiosulphate 
titre per minute for 20 c.c. of 0-1M-solutions of the ketones in 75% or 50% acetic acid. 
The values of dipole moments are those found by Tiganik (Z. physikal. Chem., 1931, 18, 
452). The corresponding velocities for acetone are added for comparison. 





Bromination of CH,*CO*C,H,X. 








75% Acetic acid. 50% Acetic acid. 
| gs \ 
X. 10%. HCl=05M. HCl= M. HCl= M. HCl=2M. HCl=0. 
a 0°39 0°273 0°964 0°335 1-068 0°00709 
pesenenbenvosescacences —- 0°243 0°793 0°297 0°954 0°00592 
| eee —1:38 0°208 0°696 — _ — 
BOP cccesessssccsnnacesesess — 1°53 0°197 0°656 0°217 0°737 0°00404 
| re — 1°56 -— — 0°216 0°727 0°00397 
ES. scesnnnnsncsnesyonses —3-°97 0°125 0°446 _ — — 
(Acetone) ...........000 -— 0°675 --- 0°796 -- 0-019 






The order is the converse of that observed by Shoppee (J., 1930, 968; 1931, 1225; 
1932, 696) for the influence of substituents upon the mobility of the «y-diphenylpropene and 
diphenylmethyleneazomethine systems, and it confirms very definitely the conclusion that 
an acid-catalysed prototropic change in a carbonyl compound is facilitated by electron- 
accession to the system, whereas the changes investigated by Shoppee require electron-reces- 
sion from the point of reaction. As Shoppee points out, the facilitation of prototropy in the 
systems studied by him runs parallel with the facilitation of anionic aromatic replacements 
and of side-chain reactions classified by Ingold and Rothstein (J., 1928, 1217) as “‘ type B”’ ; 
in the present instance, on the other hand, the analogy is with the facilitation of kationic 
aromatic replacements and side-chain reactions of Ingold and Rothstein’s “ type A.” 
Our results show, therefore, that the governing factor in the acid-catalysed prototropic 
change of a carbonyl compound is the co-ordination of the carbonyl oxygen with the 


catalyst. 
DISCUSSION. 


The application of electrochemical and electronic ideas to the study of the reactions of 
organic chemistry has led unavoidably to the conclusion that the polar influences exerted 
by atoms and groups are of at least two types. In its present form, this view appears first 
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to have been expressed in 1922 (Kermack and Robinson, J., 1922, 121, 430; Lapworth and 
Shoesmith, zbid., p. 1391), but it was foreshadowed in Vorlander’s suggestion (Annalen, 
1902, 320, 110) that the influence of a group is dependent both on its polar character and 
on its state of unsaturation, and also in Fliirscheim’s distinction (J., 1909, 95,718) between 
the ‘‘ quantitative factor ’’ and the “ polar factor,’ for such terms as “ unsaturation ’’ and 
“ affinity demand ” admit readily of translation into electronic language. Fliirscheim’s 
“ polar factor ’’ or its equivalent has reappeared under the titles of ‘‘ general polar effect ”’ 
(Allan, Oxford, Robinson, and Smith, J., 1926, 401), “ inductive ’’ and “ direct ” effects 
(Ingold, Ann. Reports, 1926, 140; Ingold and Vass, J., 1928, 417), and “ electropolar 
effect ’’ (Cocker, Lapworth, and Walton, J., 1930, 443). Molecular polarisation of this 
type, measurable by the dipole moment, and, though diminishing with distance, yet 
capable of transmission to a point separated from its source by a chain of saturated atoms 
(as visualised at a relatively early date by G. N. Lewis, J. Amer. Chem. Soc., 1916, 38, 762), 
is spoken of in this series of communications as the “ inductive effect ” (+ J), the term 
being used, as is frequently the case elsewhere, without reference to the mode of trans- 
mission of the effect. The electronic analogue of Fliirscheim’s ‘‘ quantitative factor,” and 
of Lapworth’s “alternate polarity ” induced by a key-atom (Mem. Manchester Phil. Soc., 
1920, 64, No. 3; J., 1922, 121, 416; cf. Kermack and Robinson, /oc. cit.), may be found in 
the ‘‘ conjugative effect ”’ (Allan, Oxford, Robinson, and Smith, Joc. cit.), the “‘ tautomeric 
effect ’’ (Ingold, Joc. cit.), and the “‘ primary interior effect ’’ (Lapworth and Manske, J., 
1928, 2536), although the significance attached to these terms by the authors named is by 
no means identical. Ingold’s term ‘ tautomeric effect ’’ (+ 7) is here used to denote 
“molecular polarisability,” operative only on demand (but see Ingold, Lapworth, Roth- 
stein, and Ward, J., 1931, 1960, footnote), and propagated only through a “ loose ”’ 
electronic system. The classification of polar effects adopted in this series of papers is 
thus that given by Ingold and Ingold (J., 1931, 2359); we are fully aware, however, that 
similar conclusions would in all probability be reached if the problems were approached 
from the standpoint of Lapworth or of Robinson. 

The fact that the velocities of acid-catalysed prototropic change of CH,*CO-C,H,X 
follow the order of the dipole moments of CgH,X indicates that the co-ordination of a 
p-substituted acetophenone is governed, mainly at least, by the inductive effect of the 
substituent X, and that, if X is capable of initiating tautomeric displacements, these do 
not affect the results to any great extent. Thus, substitution of halogen (— J + 7) 
for hydrogen leads to a decrease in velocity, in spite of the demand for accession of electrons 
to carbonyl oxygen and of the existence of a suitable path for the transmission of the 
tautomeric effect. It seems probable, then, that in the more general case of a carbonyl 
compound CH,*COR co-ordination is governed almost entirely by the inductive effect of R. 
Shoppee (J., 1931, 1226) suggests that the operation of the tautomeric effect may be 
responsible for the divergence from the dipole moment sequence of the velocity coefficients 
for the alkaline hydrolysis of ethyl benzoates with a halogen or hydroxyl substituent 
(Kindler, Annalen, 1926, 450, 1), but in the present case, if tautomeric displacements do 
occur, they are insufficient to cause a similar divergence. The circumstances under which 
the tautomeric effect is operative have been discussed by Shoppee (J., 1930, 969) and by 
Ingold and Ingold (loc. cit.), but it would appear that some further limit is to be placed 
upon the operation of this effect, and the definition of this limit is one of the most diffi- 
cult problems presented by the modern electronic theory of organic reactions. 

The case of acetophenone itself calls for comment. Consideration of a wide range of 
phenomena has led Ingold (Ann. Reports, 1928, 121) to suggest that the principal effect of 
phenyl is a tautomeric one of either sign (+ 7). This does not exclude the existence of a 
somewhat weak inductive effect (— J), which is indicated by the dissociation constants of 
phenyl-substituted carboxylic acids (e.g., phenylacetic stronger than acetic, «- and 8-phenyl- 
propionic acids both stronger than propionic), and by the different dipole moments of HX 
and PhX. It should here be noted that Ashworth and Burkhardt (J., 1928, 1793) ascribe 
to phenyl a general (inductive) effect in addition to a conjugative effect, and the relative 
velocities of prototropic change of acetone and acetophenone are in harmony with this 
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conception. Phenomena attributed by Shoppee (J., 1932, 697) to the “ permanent com- 
ponent ” of the tautomeric effect of phenyl would appear, indeed, to be capable of an 
equally good interpretation on the basis of a — I effect. 


EXPERIMENTAL. 


Preparation of Materials —Acetophenone was twice distilled and further purified by freezing. 
p-Chloro-, p-bromo-, p-iodo-, and ~-methyl-acetophenones were prepared by the Friedel-Crafts 
method, Ac,O and the appropriate substituted benzene being used (for details, see “‘ Organic 
Syntheses,’”’ V, 17). The halogenated acetophenones were purified by distillation in vac., 
followed by two crystns. from light petroleum. M. p.’s 19-8°, 51-6°, and 84-8 respectively. In 
the prepn. of p-iodo-acetophenone it was necessary to carry out the operations as rapidly as 
possible, owing to liberation of I and subsequent loss of yield as w-iodo-compound. -Methy]l- 
acetophenone was distilled several times under low press.; b. p. 83—83-5°/6mm. #-Nitroaceto- 
phenone was prepared from ethyl p-nitrocinnamate by Drewsen’s method (Annalen, 1882, 212, 
160), and finally purified by steam distillation, followed by crystn. from aq. AcOH and then 
light petroleum. The product was very pale yellow; m. p. 78-4°. In this case, steam distill- 
ation was the only process which removed a trace of impurity which reacted rapidly with Br. 

Velocity Measurements.—Solutions of the desired concn. ([Ketone] = 0-1M; [Ketone]/[Br] 
not less than 20) were made up in 75% or 50% AcOH, purified by the method of Orton and 
Bradfield (J., 1927, 983), and the reaction at 25° followed by withdrawing 20 c.c. at intervals 
and adding them to a solution (80 c.c.) containing 1 g. NaAc and sufficient KI to give a 50% 
excess over the anticipated titre. The results are summarised in the text. 


The authors are indebted to Imperial Chemical Industries, Ltd., for a grant. 
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Compounds. Part IV. Carbethoxyl and Allied Groups. 


By H. B. Watson and E. D. YATEs. 


THERE is general agreement that the groups CO,H and CO,Alk cause electron-recession by 
the exercise of either their inductive (— J) or tautomeric (— 7) effect, or of both together, 
and this property is made obvious by the influence of these groups upon reactions such as 
aromatic substitution and tautomeric change. 

The prototropy of pyruvic acid (R in CH,,;COR = CO,H) has been studied by Hughes 
and Watson (J., 1929, 1945), and our investigation of the kinetics of the bromination of 
ethyl pyruvate in 75% acetic acid has now led to results similar to theirs. When the ester 
is in excess, the speed of reaction at first decreases and then becomes constant. Variations 
in the concentration of the halogen have no effect, and the initial period of greater speed, 
which is not observed if a small quantity of mineral acid be added, is undoubtedly to be 
attributed to basic catalysis, the point of minimum velocity occurring at about the same 
acid concentration as in the case of bromoacetone (Part II ; J., 1932, 1207). The constancy 
of the velocity ultimately attained shows that the catalytic effect of the acid produced 
during bromination is insignificant ; larger quantities of acid accelerate the change, though 
not powerfully. The influence of carbethoxyl here observed is characteristic of groups 
having a — J effect (preceding paper). 

The carbethoxyacetones (acetoacetic and acetonedicarboxylic esters) provide well- 
established examples of keto-enol tautomerism, and have long been known to react with 
halogens in their enolic forms. In the former it is the «-hydrogen which is ionisable, since 
bromination yields «-bromoacetoacetic ester (Conrad and Schmidt, Ber., 1896, 29, 1042), 
the production of the y-brominated derivative in anhydrous media (Hantzsch, Ber., 1894, 
27, 355, 3168; Epprecht, Annalen, 1894, 278, 69; Conrad and Schmidt, loc. cit.; Smith, /. 
Amer. Chem. Soc., 1922, 44, 216) doubtless involving anionotropic change (compare Robin- 
son, Ann. Reports, 1922, 100). The velocity of the prototropic change of acetoacetic ester 
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at 0° has been measured by Meyer (Amnalen, 1911, 380, 212), who found that it is relatively 
fast, and accelerated by acids. Our fuller investigation of the kinetics of bromination of 
acetoacetic and acetonedicarboxylic esters in 75% acetic acid at 25° has shown that the in- 
troduction of the second carbethoxy]l group leads to a still more rapid reaction in absence of 
added mineral acid, but less powerful catalysis by acids (compare the brominated acetones ; 
Part II). In both cases, however, the speed of the prototropic change is vastly greater than 
that observed for acetone and its halogenated derivatives, and there is no indication of basic 
catalysis. An additional peculiarity of these compounds is the existence of a measurable 
quantity of the enolic modification under ordinary conditions. 

The — T and — TJ effects of carbethoxy] will co-operate in conferring mobility upon the 
«-proton of the substituted acetone, and in view of the known powerful influence of tauto- 
meric disturbances it is not surprising that the removal of this proton should be facilitated 
to such an extent that rapid reaction proceeds even under the influence of so weak an acid 
catalyst as water. Further, in the series of changes constituting the “‘ basic mechanism,”’ 
the first step (complete removal of proton to give the ketonic ion) results in the development 
of a negative charge at the «-carbon atom; the carbethoxyl group will then tend to stabilise 
this ion by absorbing the negative charge, and the second step (rearrangement of the ion) 
will be retarded. The rapid reaction catalysed by acids and the absence of basic catalysis 
under the conditions of our experiments thus receive a possible interpretation in the light 
of the polar effects usually ascribed to carbethoxyl. It may here be pointed out that ina 
y-ketonic acid such as levulic acid (Hughes and Watson, Joc. cit.) the inductive effect of 
carboxyl will be damped by the intervening methylene group, while no suitable path is 
available for transmission of the tautomeric effect. The influence of carboxyl is thus small, 
and the observations are not very different from those relating to unsubstituted acetone. 

The special characteristics associated with @-diketones and {-ketonic esters disappear 
when the second carbonyl group (or possibly phenyl, to which a — T effect is also ascribed) 
is not attached directly to the carbon atom which carries the mobile hydrogen. Perhaps 
the presence of such a group in this position is necessary to render enolisation sufficiently 
rapid for the proportion of enol at equilibrium to be measurable. It is significant, however, 
that ail stable enols appear to contain a system of alternate single and double bonds, and 
both the ‘‘ additional element of stability ” associated with such a system (“ Thiele 
Factor,’ Lapworth and Manske, J., 1928, 2535; 1930, 1979; Linstead, J., 1929, 2501) and 
the formation of cyclic structures (Lowry and Burgess, .J., 1923, 123, 2114; Sidgwick, J., 
1925, 127, 907) may play an important part in stabilising these enols and in rendering the 
keto-enol change unusually rapid. 

Saturated Monocarboxylic Acids and Acid Bromides.—The peculiarity of acetic acid and 
its homologues in exhibiting no perceptible tendency to undergo prototropic change 
(Watson, J., 1925, 2067) is obviously one expression of the failure of the carboxyl group to 
show normal carbonyl reactivity, a characteristic which has been attributed (Ray and 

6 tw’ 
Robinson, J., 1925, 127, 1619) to the compensating effects of processes a and 6 in HOO. 
If the demand of the carbonyl carbon atom (due to process a) is in this way supplied 
from the lone electrons of the hydroxylic oxygen (+ 7; process bd), there will be no incipient 
ionisation of an «-proton, and prototropic change will not occur (compare Orton, Watson, 
and Hughes, J., 1927, 2460). It is obvious, however, that in the cases referred to above 
(where CO,H or CO,Et has a — J and sometimes also a — T effect) the demand set up by 
process a is supplied, at least to a large extent, from outside the group, 7.e., from the 
attached benzene nucleus or prototropic system, and it would appear that carboxyl and 
carbethoxy] are “ self-contained ” only when linked to an atom having an electronic system 
which is free from other disturbing influences. 

An allied problem is presented in the halogenation of acyl halides, for in these com- 
pounds also the carbonyl group is attached to an atom capable of supplying electrons by 
tautomeric displacements. Acetyl bromide reacts with bromine at a rate which is pro- 
portional to the concentration of the latter (Watson, loc. cit., p. 2073; J., 1928, 1137), and 
Orton, Watson, and Hughes (loc. cit.) suggested that rapid prototropic change might be 
followed by halogenation at measurable speed. It is difficult to understand, however, why 
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bromine should cause so complete a reversal of the normal state of affairs, while carbethoxyl 
(similar —J effect; compare % of m-derivative in nitration of Ph-CH,Br and 
Ph-CH,°CO,Et ; Fliirscheim and Holmes, J., 1928, 1607; Baker and Ingold, J., 1927, 832) 
has no such drastic influence. Again, a substance which passes so easily into its enolic form 
would be expected to exist very largely in this form under ordinary conditions, and there 
is nothing to indicate that such is the case in acetyl bromide. It appears more reasonable 
to regard the bromination of the acid bromide as a direct reaction of the halogen with the 
ketonic form. 

The sequence C<O<Hal for increasing — J effect leads to the anticipated order 
acetone>acetic acid>acetyl bromide for co-ordination at carbonyl oxygen. Although, 
therefore, co-ordination of esters with acid catalysts has been demonstrated (Baker and 
Hey, J., 1932, 1226), acyl halides may not co-ordinate to any appreciable extent (compare 
deactivation of the nucleus in halogenobenzenes). In acetyl bromide, the deficiency of 
electrons at carbonyl carbon (created by process a) can be made good from the unshared 
electrons of the bromine atom; the «-proton will then not be incipiently ionised (compare 
acetic acid), and the system will not be “ predisposed’ (Baker, J., 1932, 2634) towards 
prototropic change. But, in absence of the increased polarisation brought about elsewhere 
by co-ordination, the tautomeric effect is perhaps, in this process, not demanded to its 
fullest extent, and may therefore still be available for transmission to C, (through three- 
co-ordinated carbon) at the demand of a reagent such as the polarised bromine molecule. 
In homologous bromides the effect will not pass beyond C,, and this may account for the 
exclusive «-bromination of carboxylic acids, since in this process the halogen reacts with 
the acyl halide and not with the acid itself. 

The interpretation here presented is by no means free from difficulties. For instance, 
in bromoacetyl bromide the tautomeric effect of the substituent halogen would appear to be 
available for further activation of the a-carbon atom, but only deactivation (— J of Br) 
occurs, for this acid bromide is relatively inert towards substituting agents (Gal, Compt. 
rend., 1863, 56, 1259), and this is analogous to the fact that, in the halogenobenzenes, the 
activity of the o- and #-positions is below the standard of unsubstituted benzene. Further, 
if phenyl is capable of initiating tautomeric displacements of either sign, acetophenone 
should resemble acetic acid and acetyl bromide, but such is not the case. These remarks 
emphasise still further the difficulty of forecasting whether, in any given circumstances, the 
tautomeric effect is likely to operate (compare preceding paper), and in the present un- 
satisfactory state of our knowledge of the polar influences of groups the above suggestions 
must be regarded as an attempt to indicate the lines along which an explanation of the 
varied behaviour of carbonyl compounds may ultimately be found. 


EXPERIMENTAL. 


Ethyl pyruvate was prepared by esterification of pyruvic acid (b. p. 78°/27 mm.) with dry 
EtOH at 50°. B. p. 63°/23 mm., 149—150°/760 mm. The velocities were measured by the 
usual titration method. Expts. in which a known quantity of Br was added indicated absence 
of measurable quantity of enol. In the table the results are expressed as fall in N/10-Na,S,0, 
titre of 25 c.c. of 0-5M-solutions in 75% AcOH at 25°. It was necessary to carry out the 


measurements within 2 hr. of distillation. 
Fall in titre after (min.). 





HCl (M). Initial titre. 30. 60. 120. 300. 
0°00 7°20 0°50 0°92 1°60 3°22 
0°00 22°30 0°55 1-00 1°65 3°22 
0°01 3°42 0°30 0°55 1-08 2°70 
0°10 10°25 0°25 0°50 1-05 2°48 
0°50 6°00 0°85 1:70 3°38 _— 
1: 8°52 2°55 5°05 — — 


Acetoacetic and acetonedicarboxylic esters were purified by distillation under reduced press. 
Sufficient time was allowed before use for equilibrium to be attained, but solutions were used 
immediately after making up, owing to slow hydrolysis. For these fast reactions, accuracy 
exceeding 10% cannot be claimed. The measurements on acetoacetic ester were carried out by 
the ‘‘ colour’”’ method (Part II); 25 c.c. of 0-5M-solutions of the ester in 75% AcOH were 
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employed, and the velocities (v) are expressed as fall in N/10-Na,S,O, titre per hr., subsequent to 
the initial instantaneous fall vy (obtained by extrapolation to ¢= 0). For comparison, the 
velocities for acetone are given in the same units. 
0°01 0°10 0°50 1:0 
4°35 4:10 1:20 0-0 
270 410 2120 5180 
— — 45°0 134 


The very rapid bromination of acetonedicarboxylic ester rendered this method of measure- 
ment unsuitable, since the time necessary for mixing was comparable with the complete time of 
reaction. A “ flow method ”’ similar to that of Hartridge and Roughton (Proc. Roy. Soc., 1923, 
104, 376) was therefore adopted. Solutions of Br and ester, maintained at const. temp. in a 
thermostat, were forced by const. hydrostatic press. through two jets into a small mixing 
chamber (see fig.), and the liquid subsequently flowed away through a horizontal tube of length 
100 cm. The distance traversed by the mixed liquid before the colour of Br disappears is a 
measure of the time of the reaction. The sizes of the jets were adjusted so that the resultant 


concns. of ester and Br were as desired, and the Ketone 
concn. of Br was varied by changing that of solution B 
the initial solution. Solutions containing equiv. | A 
quantities of acid and alkali showed neutrality to } 
phenolphthalein after flowing through less than fd 
5 cm. . 
Cross-section of tube = 0-1324 sq. cm. The — ‘ 
solutions flowed at the following rates (time per 
100 c.c.) : Br, 630 sec.; ester, 78-5 sec.; mixed, 69-2 sec. = 10 cm. of tube in 1-17 sec. Hence 
vol. of Br solution/vol. of ester solution = 78-5/630 = 0-125. Concn. of ester solution used = 
0-567M, and hence ester in reaction mixture = 0-5M (Cx). 
C, = concen. of Br solution used. Cg, = concn. of Br in reaction mixture. = distance 
the mixture flows before it becomes colourless, and the corresponding time (¢) = 1-17//10 sec. ~ 
Vp = instantaneous fall in Br, calc. as c.c. of N/10-solution. v = fall in Br concn. (N/10) 
per hr. subsequent to this, for 25 c.c. of the reaction mixture. 
HC\(M). Ge Cae/Cu. Cor. i. t. Ug: v. 
0:0 0°884 0-211 0°105 20 2°35 25:0 2480 
0-916 0°229 0-114 50 5°85 25°0 2350 


0°784 0°196 0°098 10 117 23°5 3420 
0°868 0°217 0-108 33 3°80 23°5 3300 
0-920 0°230 0-115 50 5°85 23°5 3000 


0°336 0°084 0°420 15 1°83 9°5 4160 
0°464 0°116 0°580 40 4°68 9°5 4380 
The percentages of enol present in 75% AcOH medium with varying concns. of HCl are given 
below. They are calculated from the above values of vy. In a number of cases they were 
checked by Meyer’s indirect Br process, m-cresol (which leads to more consistent values) being 
used instead of B-naphthol. The figures in parentheses were obtained by Meyer’s method. The 
smaller enol content in presence of acid, observed by Meyer, is confirmed. 
HCI(M) 0-01 0:10 0°50 1-00 
Enol, %, in 
acetoacetic ester 1-80 (2°05) 1°75 (2°00) 1°70 (1°90) 0°50 (1°10) 0°00 
acetonedicarboxylic ester 9°70 (11-0) - 9°30 — 3°20 
Our best thanks are due to Imperial Chemical Industries, Ltd., for a grant made to this 
Department. 
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62. Some New Substituted Glucosides. 
By (Miss) THELMA M. REYNOLDs. 


2-p-Toluenesulphonyl 8-methylglucoside, 3 : 4 : 6-triacetyl B-benzylglucoside (II), 2-p-toluene- 
sulphonyl 3 : 4 : 6-triacetyl B-benzylglucoside (III), and 2-p-toluenesulphonyl B-benzylglucoside 
(IV) have been prepared, the first by the regulated hydrolysis (cf. Helferich and Klein, 
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Annalen, 1927, 455, 178) of 2-f-toluenesulphonyl 3 : 4: 6-triacetyl $-methylglucoside 
(Reynolds, J., 1931, 2626) and the remainder from 1 : 2-anhydro-3 : 4 : 6-triacetyl glucose 
(I) (Brigl, Z. physiol. Chem., 1922, 122, 245; see also Hickinbottom, J., 1928, 3140) as 
shown below : 


CHO CH-O-CH,Ph H-O-CH,Ph CH:O-CH,2Ph 
CH CH-OH CH-0°SO,°C,H, CH-O0°SO,°C,H, 
CH:OAc CH.PMOH () CH-OAc GHSO.C1 (y CH*OAc NaOMe CH:-OH 
} Gatoac ila } Git0Ac +GHN } éit0A6 at — 15° CH:-OH 
CH H H CH 
CH,*OAc CH,*OAc CH,*OAc CH,"OH 
(I.) (II.) (III.) (IV.) 


The reaction between 2-p-toluenesulphony] 3 : 4 : 6-triacetyl 8-methylglucoside (the most 
accessible of the glucosides described) and dimethylamine has also been examined, although 
it was realised that a complex mixture of substances might result (cf. Freudenberg and Hess, 
Annalen, 1926, 448, 121; Ohle and Lichtenstein, Ber., 1930, 63, 2905). The process was 
carried out in methyl-alcoholic solution at 100° and a crystalline compound having the com- 
position and properties of a B-methylglycosidodimethylammonium p-toluenesulphonate (V) was 
isolated. This substance yielded after hydrolysis an osazone (VI), which was separated, 


Dr CH,OH 
MeO-CH ‘CH-CH,-OH PhHN-N:CH CH-OH 

(v.) mone CH-OH eee OC sas (VI.) 
CH-NMe,)S0,°C;H, CH-NMe, 


by fractional crystallisation, from phenylhydrazine -toluenesulphonate and another, as 
yet unidentified, compound (X), both of which were precipitated with it. The direction 
of the mutarotation of the osazone indicated that it was not a pentosazone (Levene and 
La Forge, J. Biol. Chem., 1915, 20, 429), the tetrosazones are optically inactive, and the 
nitrogen content was much greater than that of ahexosazone. The osazone was apparently, 
therefore, a dimethylamino-hexosephenylosazone (VI). The compound (X), which was 
obtained in only very small quantity, contained nitrogen and had the appearance and 
solubility of a phenylhydrazone or phenylhydrazide, but it markedly depressed the melting 
point of formaldehydephenylhydrazone. 

It appears from this evidence that the dimethylamino-group of the 6-methylglycosido- 
dimethylammonium #-toluenesulphonate is not in the 2-position and that the action of 
dimethylamine on 2-f-toluenesulphonyl 3 : 4: 6-triacetyl ®-methylglucoside may be 
compared with that of ammonia on methylglucoside 2-chlorohydrin (Fischer, Bergmann, 
and Schotte, Ber., 1920, 58, 540), which yields a 3-amino-methylglycoside (Levene and 
Meyer, J. Biol. Chem., 1923, 55, 221; Freudenberg, Burkhard, and Braun, Ber., 1926, 59, 714). 
The #-toluenesulphonyl group may be removed from 2--toluenesulphonyl 3: 4 : 6-tri- 
acetyl ®-methylglucoside under conditions which do not affect 3-p-toluenesulphony]l- 
diacetone glucose (Freudenberg and Ivers, Ber., 1922, 55, 929). 

The method of isolation of 2-p-toluenesulphony] 3 : 4 : 6-triacetyl «-glucosidyl chloride 
(Reynolds, Joc. cit.) was modified in later preparations, and a substance having the com- 
position and properties (cf. Meyer and Jacobson, ‘‘ Lehrbuch der Organischen Chemie,” 
1920 ed., II, iii, 798; Fischer and Raske, Ber., 1910, 48, 1750) of a 2-p-toluenesulphonyl 
3:4: 6-iriacelylglucosidopyridinium p-toluenesulphonate was isolated on one occasion in 
1-5% yield from the mother-liquor. 


EXPERIMENTAL. 


All solvents were pure and dry; all evaporations were carried out under diminished pressure. 
2-p-Toluenesulphonyl 3:4: 6-Triacetyl a-Glucosidyl Chloride—A solution of -toluene- 
sulphony] chloride (13-5 g.) and pyridine (17-5 c.c.) in CHC], (20 c.c.) was added to a suspension 
of 3: 4: 6-triacetyl 6-glucosidyl chloride (22 g.) in the same solvent (90 c.c.). After 48 hr. the 
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solvent was removed as far as possible at 35—-40°, and the residue cooled and poured into ice- 
cold MeOH (80 c.c.; 75%) containing AcOH (10 c.c.); 2-p-toluenesulphonyl 3: 4 : 6-triacetyl 
a-glucosidyl chloride crystallised and was collected after 1 hr. (20-4 g.; m. p. 120—121°). 

2-p-Toluenesulphonyl 3: 4: 6-Triacetyl Glucosidopyridinium p-Toluenesulphonate.—3 : 4 : 6- 
Triacetyl 8-glucosidyl chloride (52 g.) was treated in the manner described above. The MeQH- 
AcOH filtrate obtained after the removal of 2-p-toluenesulphonyl 3 : 4 : 6-triacetyl a-glucosidyl 
chloride (42 g.) was diluted with H,O and extracted thrice with CHCl,. The combined extracts 
were washed with dil. HCl (5%), Na,CO, aq. (3%), and H,O, dried over Na,SO,, and evaporated. 
The brown residue, which crystallised slowly (several days), was drained on tile; from the solid 
(m. p. about 118°), boiling CCl, extracted 2-p-toluenesulphony]l 3 : 4 : 6-triacetyl a-glucosidyl 
chloride (3-5 g.). The final residue (approx. 1-5 g.) was neutral to litmus, contained S, did not 
reduce Fehling’s solution even after boiling with H,O or hydrolysis with dil. acid, and resinified 
immediately when boiled with 20% NaOH agq., an alkaline vapour having an odour resembling 
that of NMe, being evolved. The substance yielded a ppt. of phenylhydrazine p-toluene- 
sulphonate (see below) when shaken with cold aq. phenylhydrazine acetate; it was sol. in hot 
H,O, EtOH, and glycerol, almost insol. in these solvents when cold, and insol. in all other 
solvents, including pyridine. After four recrystns. from H,O (charcoal) it was obtained in 
colourless shining plates, m. p. 218—219° (after darkening; decomp. 222°) (Found: C, 53-7; 
H, 5:2; N, 1-9; S, 9-2. C3,H3;;0,,NS, requires C, 53-7; H, 5-1; N, 2-0; S,9-2%). In glycerol 
containing 10% by vol. of H,O, [a]}/" + 29-0° (c = 0-424). There was no mutarotation. 

2-p-Toluenesulphonyl 8-Methylglucoside——Solutions of 2-p-toluenesulphonyl 3: 4: 6-tri- 
acetyl 8-methylglucoside (3-6 g.) in CHCl], (12-5 c.c.) and of NaOMe (9 c.c. of a solution of Na, 
0-5 g., in MeOH, 25 c.c.) were mixed, and kept for 1-5 hr. at — 15° and then washed with dil. 
AcOH (4%); the aq. layer was extracted twice with CHCl,. The combined CHCl, solutions 
were washed (H,O), dried (Na,SO,), and evaporated, and the residual syrup treated with 
Et,O-MeOH (2:1); the white cryst. solid obtained (1-2 g.), after two recrystns. from EtOAc, 
had m. p. 116—117°, [a]? — 44-4° in H,O (c = 2-006) and [a] — 40-3° in CHCl, (c = 1-363) 
(Found: C, 48-4; H, 5-7. C,H O,S requires C, 48-3; H, 5-7%). The glucoside was insol. 
in Et,O and light petroleum but readily sol. in warm EtOAc, H,O, and the usual org. solvents. 

3:4:6-Triacetyl B-Benzylglucoside (II)—A solution of 1: 2-anhydro-3: 4: 6-triacetyl 
glucose (7-5 g.) in CH,Ph-OH (30 c.c.) was heated (boiling water-bath) for 12 hr., the alcohol 
then removed (2 mm. press.; bath temp. 100°), and the residue treated with aq. MeOH (approx. 
70%). The sticky product crystallised from MeOH (80%) (charcoal) in colourless needles 
(4-5 g.), m. p. 113—114°. A specimen recryst. twice from MeOH (100%) had m. p. 115—116°, 
(aj? — 27-5° in CHCl, (c = 1-334) and [a]?" — 15° in EtOH (c = 1-334) [Found: C, 57-3; H, 
6-2; CO-CHs;, 32-5. C,3;H,;0,(CO°CH,), requires C, 57-6; H, 6-1; CO-’CH;, 32-6%]. The 
glucoside was almost insol. in Et,O, light petroleum, and cold H,O, sol. in CgH,, EtOH, and 
hot H,O, and very readily sol. in CHCl,, acetone, and EtOAc. Acetylation with Ac,O and 
pyridine yielded tetra-acetyl 8-benzylglucoside, m. p. 95—97°, identified by comparison with 
a specimen prepared from acetobromoglucose (Fischer and Helferich, Annalen, 1911, 383, 68). 

2-p-Toluenesulphonyl 3:4: 6-Triacetyl B-Benzylglucoside (III).—(1) Solutions of 3: 4: 6- 
triacetyl B-benzylglucoside (2-2 g.) in CHCI, (7 c.c.) and of p-toluenesulphonyl chloride (1-1 g.) 
and pyridine (1-5 c.c.) in CHCl, (4.c.c.) were mixed and, after 48 hr., washed successively with 
dil. H,SO, (5%), KHCO, aq. (3%), and H,O, and dried over Na,SO,; the CHCl, was removed, 
and the residue treated with Et,O and light petroleum, yielding a white solid which crystallised 
from MeOH in fine needles (1-5 g.), m. p. 104°. 

(2) 3: 4: 6-Triacetyl B-benzylglucoside (1 g.) was warmed with p-toluenesulphonyl chloride 
(0-46 g.) and pyridine (0-25 c.c.). The jelly-like product slowly solidified and, after 20 hr., was 
ground with H,O, dried, and recrystallised as above. Yield, 0-8 g. 

A specimen recryst. twice from MeOH had m. p. 105—106° and [a]#* — 7-0 in CHCl, 
(¢ = 1-564) (Found: C, 56-7; H, 5-7. CygH 90,,S requires C, 56-7; H, 5-5%). The substance 
was practically insol. in light petroleum and H,0O, difficultly sol. in Et,O and cold EtOH, and 
readily sol. in hot EtOH and other org. solvents. 

2-p-Toluenesulphonyl B-Benzylglucoside (IV).—Solutions of 2-p-toluenesulphonyl 3: 4: 6- 
triacetyl B-benzylglucoside (1-2 g.) in CHCl, (3 c.c.) and of NaOMe (3 c.c. of a solution of Na, 
0-5 g., in MeOH, 25 c.c.) were mixed at — 15° and, after 1-5 hr., washed with a little dil. ACOH 
(3%) and with H,O, dried over Na,SO,, and evaporated: the residue (0-8 g.) crystallised ; 
m. p. 125—127°. After two recrystns. from EtOH the glucoside formed colourless platelets, 
m. p. 127—128°, [a]? — 34-3° in CHCl, (c = 1-252) (Found: C, 56-4; H, 5-7. C, gH,,0,S 
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requires C, 56-6; H, 5-7%). It was insol. in light petroleum, slightly sol. in C,H,, Et,0, H,O, 
and cold EtOH, and readily sol. in hot EtOH and other solvents. 

Methylglycosidodimethylammonium p-Toluenesulphonate (V).—2-p-Toluenesulphony] 3 : 4 : 6- 
triacetyl 6-methylglucoside (8 g.), suspended in MeOH (20 c.c.) containing NHMe, (approx. 
10 g.), was heated at 100° for 18 hr.; the solvent was then evaporated, and the acetodimethy]l- 
amide removed (2 mm. press.; bath temp. up to 90°). The residual brown syrup was dissolved 
in MeOH, and the solution partly decolorised with charcoal and evaporated to a syrup, which 
crystallised after some weeks in the first prepn. but after 2—3 days when seeded. The semi- 
cryst. product was drained on tile, and the colourless needles obtained were recrystallised from 
acetone. Yield, 2-2g.; m.p.80—81°. The substance reduced Fehling’s solution after hydrolysis 
with dil. HCl and was readily sol. in all solvents excepting Et,O, light petroleum, C,H,, and 
cold acetone. Successive recrystns. from acetone gave material, m. p. 78—81°, 70—72° (after 
drying in vac.), 73—77° (after 3 hr. in vac.), 68—70° (after 24 hr. in vac.), and 68—69° after 
softening at 67° (after 48 hr. in vac.). The last value was const. for specimens which had been 
dried in vac. over P,O;, but the m. p.’s of air-dried specimens or of specimens which were left 
in the air after drying in vac. were higher. The specimen analysed was dried as above and had 
m. p. 68—69° and [a]}*° — 105-7° in MeOH (c = 1-372) (Found: C, 46-5; H, 7-0; N, 3-4; 
H,O, 4:5. C,,H,,O,NS,H,O requires C, 46-7; H, 7-1; N, 3-4; H,O, 4.4%). The last mol. of 
H,O was removed at 130°. 

Dimethylaminohexosephenylosazone (V1).—(1) Methylglycosidodimethylammonium p-toluene- 
sulphonate (0-44 g.) was dissolved in 0-5N-HCI (10 c.c.) and heated (boiling water-bath) for 
4hr. The initial rotation was a) — 4:12° (} = 0-5); after 3 hr. the rotation was ap — 1-44°, 
and after 4 hr. ap — 1-38°. 

(2) A solution of methylglycosidodimethylammonium #-toluenesulphonate (0-85 g.) in 
0-5N-HCI (15 c.c.) was heated (boiling water-bath) for 3 hr., cooled, and mixed with NaOAc 
(0-8 g.) and NHPh-NH, (0-25 c.c.). The ppt. of phenylhydrazine p-toluenesulphonate (m. p. 
168—170°. Found: N, 10-1. Calc. for C,,H,,0,N,S: N, 10-0%) was removed after 0-5 hr., 
and NHPh-NH, (2c.c.) and AcOH (1-5c.c.) were added to the filtrate, which was heated (boiling 
water-bath) for 1 hr. A light orange ppt. formed, and further material separated when the 
solution was cooled and diluted with H,O (3 vols.). The product was dissolved in hot EtOH; 
addition of hot H,O (2 vols.) caused separation of tar, so a little charcoal was added before 
filtration. An orange solid (A) [m. p. about 147° (indef.)] separated from the filtrate. After 
addition of H,O (3 vols.), yellow needles formed, m. p. 115—117° (B). The material on the 
filter was extracted with hot EtOH, and H,0O (1 vol.) was added to the solution, giving slightly 
coloured plates, m. p. 161° (C). (A) was fractionated as above, giving plates, m. p. 162° (D), 
a yellow solid, m. p. 145° (approx.) (E), and another yellow solid, m. p. 117—119° (F). (C) 
and (D) were combined and recrystallised from EtOH and H,0 (1: 1), yielding almost colourless 
plates (X), m. p. 163—164° (decomp. 205°) (Found: N, 22-4. C,H,N, requires N, 23-3%) ; mixed 
m. p. with formaldehydephenylhydrazone, 145—150°. (B) and (F) were combined and dis- 
solved in EtOH; hot H,O (2 vols.) was added, producing a slight cloudiness, which was removed 
by filtration; the light orange-yellow needles which crystallised from the filtrate contracted 
at 120°, melted at 130—132°, and decomposed at 188° (Found: N, 18-5. C,,H,,O,N, requires 
N, 18-2%). 3-88 Mg. were dissolved in pyridine-EtOH (2: 3) (0-65 c.c.). This solution gave 
%p (initial) — 0-09° —-» ap (final) + 0-02° (7 = 0-5), corresponding to ap — 0-31°—> ap 
+ 0-07° for 0-1 g. dissolved in 5 c.c. of pyridine-EtOH. A specimen of glucosephenylosazone 
which had a) — 0-23° —-> a, — 0-11° for the concn. used above, corresponding to a, — 0-79° 
— > ap — 0-32° for 0-1 g. in 5c.c. of solvent, had ap — 0-69° —-> ap — 0-31° for 0-1 g. in 5c.c. 
(Levene and La Forge, J. Biol. Chem., 1915, 20, 429, give ap — 0-62° —-» ap — 0-35°). 


The author gratefully acknowledges her indebtedness to Professor J. C. Earl for his interest 
in the work. 
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63. The Coil Ignition of Some Explosive Gaseous Mixtures. 
By B. W. BraprForp, G. I. Fincu, and (Miss) A. M. Prior. 


MorcGANn (“ Electric Spark Ignition,’’ Crosby Lockwood, 1922, pp. 19, 28, 70, and 73), 
Taylor-Jones (“ Induction Coil Theory and Applications,’ Pitman, 1932, p. 196 e seq.), 
Morgan and Wheeler (J., 1921, 119, 245), Wheeler (J., 1920, 117, 905), and Morgan (Phil. 
Mag., 1931, 11, 160) have stated that coil ignition is effected by the capacity and not by 
the inductance component of the discharge. On the other hand, Wheeler (J., 1924, 
125, 1859) and Maxwell and Wheeler (J., 1927, 2078) found it necessary for the purposes 
of a comparative study of the coil ignition of paraffin—air mixtures to maintain constancy 
in conditions such as the rate of opening of the break and the primary current on inter- 
ruption. This fact appears to conflict with the foregoing statement, because the 
characteristics of the capacity component furnished by a secondary circuit of given 
properties should be independent of the primary circuit and the conditions pertaining 
thereto before, at, or after break; and that this is indeed the case has recently been 
confirmed by cathode-ray oscillographic observations (Finch and Sutton, Proc. Physical 
Soc., 1933, 45, 288). In order to reconcile statement with fact it will be necessary, 
therefore, to suppose that the effective dielectric strength of the gap must be determined 
in some manner by the properties of the primary circuit. Failing direct evidence to the 
contrary, such change in breakdown potential cannot be reasonably ascribed to a failure 
of Paschen’s law under what approach only mild surge conditions. A more likely sup- 
position, however, is that electron ejection from the electrode acting as cathode at the 
moment of breakdown is subject to lag such that the breakdown voltage increases with 
the steepness of the applied potential wave-front. It is by no means easy to see, how- 
ever, how the probable magnitude (according to Peek, ‘‘ Dielectric Phenomena,’’ McGraw ~ 
Hill, 2nd edtn.) of such a lag phenomenon could suffice to account for the profound effect 
which variation in the primary break current has been found by Wheeler (loc. cit.) and 
also by Morgan to have upon the igniting power of the discharge; because the build-up 
time of secondary gap potential in the case of a representative commercial ignition coil 
assembly, with a primary inductance and capacity of, for example, 3 mH and 0-3 uF 
respectively, cannot exceed 0-1 m.sec., even under minimum spark energy conditions. 
The following experiments were therefore carried out with the object, inter alia, of deter- 
mining if lag, or impulse ratio, as it is sometimes termed, could be held to account for 
the known dependence of the igniting power of ignition-coil sparks upon the primary 
break current; or whether ignition be due to some part of the discharge, other than the 
capacity component, which depends upon the primary circuit constants. 


EXPERIMENTAL. 


The apparatus employed was as follows: (i) a ‘“‘ Lucas”’ ignition coil, Model P4—O, Type 
BN7—O, as ordinarily fitted to the Austin 4-cyl., 7 h.p. engine; the self-capacity of the 
secondary circuit including the gap was about 80 cm.; (ii) an interrupter of special design 
(B.P. 1932, 381,917), by means of which the duration of open circuit in the primary could 
be varied continuously and with a high order of accuracy over the range between 0 and 4 
m.sec., and which also served as a frequency meter; (iii) a glass explosion vessel of approx. 
250 c.c., fitted with a wide-bore mercurial closed-limb manometer and with pointed 18 S.W.G. 
W wire electrodes; (iv) an Ardenne cathode-ray oscillograph and tripping linear time base 
(Finch, Sutton, and Tooke, Proc. Physical Soc., 1931, 48, 502; 1932, 44, 190); a 1274 Q non- 
inductive single-layer wound nichrome-wire resistance in series with the gap enabled suitable 
potentials to be applied to the oscillograph deflecting plates for the purpose of recording the 
discharge current; (v) a 5-1. supply of a 2CO + O, mixture, sensitised by the addition of 5% H, 
and stored in a glass gas-holder over aq. glycerol, and a similar store of CH, + 20,. The 
constancy of the comp. of these mixtures could be relied upon because the expts. carried out 
with each mixture were completed in one day. Finally, (vi) electrolytic gas, prepared as 
and when required by electrolysis of recryst. Ba(OH),. Drying was effected by passage through 
a train of two spiral washers containing conc. H,SO,. Spark-igniting power was measured in 
terms of the least igniting press, of the explosive mixture. 
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With a view to maintaining constancy in any possible breakdown lag effects, each series 
of expts. was carried out with a primary break current of const. value, the energy associated 
with the inductance component being varied independently of the capacity component by 
means of the special interrupter, the theory and practice of which have been discussed fully 
elsewhere (Finch and Sutton, Joc. cit.). It may, however, be mentioned that the interrupter 
enabled the primary circuit to be re-made at any desired time during the life of the inductance 
component, which could thus be terminated with great rapidity, because the inductance of 
the primary circuit of a closely coupled oscillation transformer approximates to zero as long 
as the secondary is short-circuited by the discharge (cf. Figs. 4, 5, 6, 7). 

The frequency of the main oscillatory component of the inductance component was varied 
by means of a suitable mica dielectric plug-in primary condenser. Except where otherwise 
stated, no alterations whatever were made in the secondary circuit, the most prominent 
natural frequency of which in regard to the capacity component was of the order of 1-2 x 10? 
c./sec. (Finch and Sutton, Joc. cit.). 


Fie. 1. 


Voltage: Time trace 


Current: Time trace 
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The Coil Discharge Characteristics —The theory and characteristics of ignition-coil sparks 
have been discussed in detail elsewhere (Finch and Sutton, /oc. cit.); it will suffice, therefore, 
to point out the outstanding features of the coil discharge as shown in Fig. 1, which has been 
constructed from actual oscillograms (Finch and Sutton, Joc. cit.). The voltage-time trace 
begins at A, the moment of break of the primary circuit, and, provided the breakdown potential 
of the gap be sufficiently far within the max. potential which the coil is capable of furnishing, 
rises rapidly in the manner shown to B, at which point the gap breaks down. JB’ is the pro- 
jection of B on the time axis. Between B and C the voltage trace is described by the electron 
beam with such velocity as to leave no visible signs on the photographic plate other than the 
two extremely faint unresolved spots at + V,, and — V,, the amplitudes of which are 
approximately 300V. The time interval between B’ and C’ is of the order of 10 sec. For 
the sake of clarity in Fig. 1 the units of the time scales between A-—B’ and B’-C’ are drawn 
in such a manner that they are each much smaller than in the case of C—D’ and are themselves 
unequal, the scale of B’—C’ being much more extended than that of A—B’. From C’ onwards, 
at which time the visible trace of the inductance component current begins, the voltage remains 
constant, i.e., the voltage trace is horizontal, until D’, i.e., throughout the remaining life of 
the discharge; whereupon oscillations as shown are forced in the secondary on remake of the 
primary circuit. Whereas the breakdown potential of the gap increased with increase in gas 





Fic. 3.—Complete Discharge. 
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Tic. 4.—Late Cut-off of Discharge. Fic. 5 —Cut-off at T;. 
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Fic. 6.—Cut-off at T;. Fic. 7.—Cut-off at T;. 
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press., the steady potential drop between the electrodes during the discharge of the inductance 
component was found to be practically indepenlent of the pressure under the conditions of 
the experiments described below. 

The corresponding current—time trace, shown as an unbroken line in Fig. 1, is not visible 
until C’. Current must, however, begin to flow at A, thereby charging up the secondary 
self-capacity to the breakdown potential of the gap. But the 1274 resistance lies for the 
most part outside this distributed capacity shunting the secondary in which the current 
distribution is not uniform, and what little trace might have been described by the elec- 
tron beam is obscured by the fog of the beam at rest in the zero position at A (Figs. 3—7). 
This normally obscured beginning of the current-time trace may, however, be made plainly 
visible, as is shown in Fig. 2, by the simple expedient of shunting the spark gap with a suitable 
air-dielectric capacity. In the time interval between B’ and C’ the current—time trace is 
invisible (see Fig. 2) because during the life of the capacity component, which begins at B 
and ends at C”’, both the frequency and the amplitude of the current oscillations are exceed- 
ingly high. Thus the main oscillation frequency is of the order of 1-2 x 10’ c./sec., and, since 
the self-capacity of the secondary circuit is about 80 cm., the capacity component current must 
approach a peak value of 30 amp. The beam sensitivity employed was such that + 150 mA 
sufficed to throw the spot off the screen; therefore, during by far the greater part of the life 
of the capacity component, in addition to being deflected at an extremely high rate, the beam 
was striking outside the screen. The capacity component oscillations occur about, and are 
superimposed upon, that current which flows during the interval B’C’, the invisible time trace 
of which, after intersecting the ordinate BB’, ends at C’’. Even the amplitude of C” is, how- 
ever, so small compared with that of the capacity component current that the oscillations 
may be deemed to occur about zero. The inductance component proper begins at C’” and 
consists of a train of rapidly decaying saw-toothed oscillations superimposed upon a main 
train of damped sinusoidal oscillations (Fig. 3) which are themselves superimposed upon a 
linearly decaying component. The flow of the inductance component current is throughout 
unidirectional. The saw-toothed oscillations are generally damped out before the end of the 
first sinusoidal oscillation. The discharge ends at D’. The total duration of the discharge is 
of the order of up to 4 m.sec., depending chiefly upon the value of the primary break current 
and the effective gap width. Under certain conditions, extinction of the discharge may occur 
in the troughs 7,, T,, etc., of the inductance component, in which case each subsequent 
resumption of the discharge is preceded by a capacity component and a renewal of the saw- 
toothed oscillations. In the expts. to be described below, however, each discharge was con- 
tinuous in the sense that only one capacity component occurred, and the inductance com- 
ponent current never fell to zero until the complete and final extinction of the discharge. 

By means of the special interrupter, the energy associated with the inductance component 
could be varied as desired and independently of the primary current and thus without in any 
way affecting the breakdown potential of the gap and hence the capacity component. The 
heavily dotted traces TT’ and T, T,’, T, T,’, etc. (cf. with Figs. 7, 6, 5, and 4), show the manner 
in which the inductance component current-time trace falls to zero when the primary circuit 
is remade shortly after discharge of the capacity component or at the times when the induct- 
ance component current is approaching the troughs 7,, T;, etc., respectively. The energy 
associated with the whole or any part of the inductance component was determined by evaluat- 
ing the effective area enclosed by the inductance component current—time trace and the 
horizontal time axis (Fig. 3, Finch, Sutton, and Tooke, Joc. cit., is self-explanatory of the 
method employed). 

Results.—Series I. The primary current at break was 3:00 amp. The break was shunted 
by a primary capacity of 0-90 uF. The frequency of the main oscillatory component of the 
inductance component was 5,800 c./sec. The spark-gap was set to an approx. breakdown 
potential of 4,000 volts steadily applied pressure in the CO—O,—-H, mixture at 100 mm. Hg. 
The 1274 Q resistance was included in the secondary circuit. 

Under these conditions the complete discharge, including the whole of the inductance 
component, ignited the mixture without fail at 106 mm. The energy associated with the 
inductance component was 20-5 mJ and was dissipated in 2°81 m.sec. Cut-off of the induct- 
ance component energy to 20-2 mJ, i.e., to a much lesser degree than that shown in Fig. 4, 
dissipated in 2-6 m.sec., reduced the igniting power of the discharge to such an extent that 
ignition no longer occurred until the pressure was raised to 109 mm. 

Series Il. The effect of a wider range of reduction in the inductance component energy 
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ditions were as in Series I. 


Cut-off 
(see Fig. 1). 
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upon the spark incendivity was now examined. Apart from the times of cut-off, the con- 


Inductance 
component 
energy, mJ. 

20°5 
9: 


2 
“4 
“2 
“4 
1 


7 
5 
2 
0 


“15 


TABLE I. 


Duration of 


inductance com- 


ponent, m.sec. 
2°81 
0°79 
0°59 
0°39 
0°20 
0°02 


The results are incorporated in Table I. 


Igniting power = 


press. in mm.). 
9°43 
7°70 
7°41 
6°50 
5°13 
<4:26 


1000/(least igniting 


Least igniting 
pressure, mm, 
106 
130 
149 
154 
195 

>235 


Series III. In these expts., in addition to the energy associated with the inductance com- 
ponent, the frequency of the sinusoidal oscillations was also varied. It should be noted that 
a change in the value of the primary capacity affects not only the sinusoidal oscillatory com- 
ponent frequency, but also the rate of build-up of the gap break-down potential in such a 
manner that the impulse ratio, if greater than unity, and hence also the energy associated 
with the capacity component, must increase with decrease in primary capacity. The results 
are given in Table II, the units being as in Table I. The primary break current was 3 amp. 


TABLE II. 


4000 c./sec. 5800 c./sec. 8300 c./sec. 











Inductance 
component. 


Inductance 
component. 
a ene ‘ 
Energy. Duration. 
2°81 
0-79 
0°59 
0°39 


Inductance 
component. 





Igniting 

power. 
9°43 
7°70 
7°41 
6°50 
5°13 

<4°26 ca. 


Igniting 
power. 
9°17 
7°25 
6°54 
5°52 
4°45 

<4-00 





Cut- Igniting 
off. Energy. Duration. power. 
D’ 2°78 9°71 
T, ’ 1-1 8°26 
Ts , 0°81 7°81 
T, : 0°53 7:10 
T, . ‘ 5°59 

"15 . <4°45 


Energy. Duration. 
2°81 
0°54 
0°39 


Series IV. A primary current of 4 amp. at break was now employed; otherwise the con- 
ditions were as in Series I. The results are in Table III : 


TABLE III. 


Duration of 
inductance component. 
3°64 
0°79 
0°61 


Inductance component 

Cut-off. energy. 

D’ 33°6 

T, 12°5 
Ts 10: 
Ts 6° 0°40 
T, 2° 0°19 
T ca. 0 0-02 


Igniting power. 
12°8 
10°3 
9°40 
8°20 
7:00 
<5-00 


Series V. In this series, expts. were carried out under conditions similar to those in 
Series IV, with the exception that electrolytic gas was used instead of the 2CO + O, + 5% H, 
mixture. 


TABLE IV. 


Primary current = 3 amp. Primary current = 4 amp. 








Inductance component. Inductance component. 





Igniting 
power. 





Igniting 


Energy. Duration. Duration. power. 


20°5 
9°2 


2°81 
0°79 
0°59 
0°39 
0°20 
0°02 


8°77 
8°27 
8-14 
7°85 
7°46 
<6°25 


3°64 
0°79 
0°61 
0°40 
0°19 
0°02 


11°5 
10°9 
10°4 
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Series VI. Finally, CH, + 20, mixtures were ignited, the exptl. conditions being other- 


wise as in Series V (see Table V). 
TABLE V. 


Inductance component. 





Energy. Duration. Igniting power. 
20°5 2°81 6°67 
, 0°79 
‘ 0°59 
0°39 
0°20 
0°02 


DISCUSSION. 


The experimental results of Series I show that, in the case of a sufficiently insensitive 
mixture, the igniting power of the spark is associated with the whole discharge, even 
to the extreme final section of the inductance component. The results of Series II 
onwards confirm this observation and establish further the fact that the igniting power of 
the spark decreases with progressive suppression of the inductance component. It is 
clear, therefore, that a wide range of conditions can be, and in our experiments has been, 
realised under which ignition is not due solely to the capacity component. In connexion 
with these results, it is important to note that in all experiments where the primary 
current at break and the primary capacity were constant, the breakdown potential of the 
gap and hence also the energy of the capacity component, far from decreasing with 
increasing least igniting pressure, must have increased; because it is well known that 
Paschen’s law holds with considerable accuracy within the range of pressures employed. 
Moreover, the results of Series III show that, for a constant primary current, variations 
in the value of the primary capacity have no effect on the igniting power of the capacity 
component combined with a given amount of inductance component energy, except for 
an inconsiderable variation which does not appear with cut-off at, or earlier than, 7, 
(see Fig. 1). Hence, the rate of build-up of the secondary voltage, and therefore vari- 
ations of the impulse ratio, which undoubtedly do occur, either have no effect whatever 
on the igniting power of the capacity component, or have such a small effect as to escape 
detection under the conditions of our experiments—a result which certainly throws a new 
light on the supposed importance hitherto attributed to the capacity component in 
ignition. It is pertinent to point out that 80 cm. (the secondary self-capacity) is, if 
anything, a value which is higher than that ordinarily met with in practice. 

A criticism (Bradford and Finch, J., 1930, 1540) of certain conclusions drawn by 
Smithells, Whitaker, and Holmes (zbid., p. 185) from their experimental results was based 
on the view put forward by Morgan, Taylor-Jones, Wheeler, and others (locc. cit.) that 
ignition by an induction-coil discharge was effected solely by the capacity component. 
It has now been shown, however, that such is not necessarily the case. Furthermore, 
the experimental results of Series II, III, IV, and V enable the conclusion to be drawn 
that under the conditions of our experiments the igniting power of the capacity com- 
ponent in relation to 2H, + O, and CO + O, + 5% H, mixtures is feeble as compared 
with that of the whole, or even of the first oscillation, of the inductance component. It 
follows that the experimental results set forth above invalidate the aforesaid criticism, 
and Smithells and his co-workers were, therefore, justified in concluding from the results 
of their experiments that hydrogen was more effective than water in increasing the 
sensitivity towards ignition of a 2CO + O, mixture. 

It should not be inferred, from the fact that the capacity component is not necessarily 
always responsible for bringing about ignition, that this component plays no réle what- 
ever in the ignition of mixtures which are too insensitive to be ignited by its agency alone 
but respond when the capacity component is followed by a greater or lesser part of the 
inductance component. On the contrary, our results suggest that in such cases the 
capacity component and, indeed, all that part of the discharge which passes up to the 
moment of ignition, is employed in the preparatory work of setting up a sufficient con- 
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centration of suitably excited molecules from which flame propagation starts. Thus, 
the relationships between total spark energy dissipated and igniting power of the dis- 
charge towards the 2H, + O, and 2CO + O, + 5% H, mixtures respectively, are similar 
in character, but are quite different from that obtained with the CH, + 20, mixture. In 
the former cases, the first part of the inductance component has a profound and far greater 
effect upon the igniting power of the spark than has the addition of the remainder of 
the inductance component. On the other hand, with a CH, + 20, mixture, the igniting 
power of the spark increases roughly linearly with the increasing spark energy. Thus, 
whilst a 2CO + O, + 5% H, mixture is relatively insensitive to ignition by the capacity 
component as compared with a CH, + 20, mixture, the position is completely reversed 
when the energy associated with the inductance component is increased to more than 
about 10% of its maximum possible value. 


One of us (G. I. F.) thanks Messrs. Ferranti Ltd. and the Government Grant Committee 
of the Royal Society for grants and apparatus which have enabled this investigation to be 
carried out. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY. [Received, December 16th, 1932.]} 





64. Reactions of 1:2:3:4-Tetrahydroxanthone. 
By H. I. Hatt and S. G. P. PLANT. 


1 : 2:3: 4-TETRAHYDROXANTHONE (I; named in this paper “ tetrahydroxanthone ’’) has 
been prepared by the condensation of phenol with ethyl cyclohexanone-2-carboxylate in 
the presence of phosphoric oxide (Simonis reaction); it has previously been obtained by 
Sen (J. Indian Chem. Soc., 1929, 6, 925) by an unambiguous method. It was unaffected 


by nitric acid in acetic acid, but, when dissolved in nitric acid (d 1-5) at 0°, was trans- 
formed solely into 7-nitrotetrahydroxanthone, the structure of which was established by 
conversion through the amine into 7-chlorotetrahydroxanthone; the latter was synthesised 


from ~-chlorophenol by the Simonis reaction. 
Br 


Oo H, O H, 
(I) oe ial aii @:: CH,1,CO.H COO! (III.) 
VIJAYAN} 2 [ 2in 2 e 2 
CO H 


On fission with boiling aqueous-alcoholic potassium hydroxide tetrahydroxanthone 
gave cyclohexanone, salicylic acid, and ¢-o-hydroxybenzoylhexoic acid (Il; n = 5), but no 
phenol, a result which confirms the structure assigned to it. A very small quantity of a 
neutral substance, m. p. 130°, was obtained from the reaction mixture. This appears to 
be a secondary product derived from the intermolecular condensation of cyclohexanone, 
since the same compound was obtained under similar conditions from 7-methyltetra- 
hydroxanthone. 

When tetrahydroxanthone was treated with bromine in acetic acid or carbon disulphide 
solution, an additive product, which liberated iodine from aqueous potassium iodide and was 
apparently the compound (III) (compare Baker and Robinson, J., 1925, 127, 1424), 
separated, but when the acetic acid solution was boiled, a complex reaction ensued with 
the evolution of much hydrogen bromide. From the product a small quantity of a 
dibromo-compound which may be 5 : 7-dibromotetrahydroxanthone was isolated. It has 
not been possible definitely to confirm its identity, since the compound did not undergo 
smooth degradation with alkali and attempts to apply the Simonis reaction to 2: 4- 
dibromophenol have been unsuccessful. 

Tetrahydroxanthone combined additively with chlorine in carbon tetrachloride, and 
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the product, since it was stable in the presence of aqueous potassium iodide, was 
apparently 10: 11-dichlorohexahydroxanthone (IV). The absence of nuclear substitution 


O H, 
(IV.) 


O i, 


was confirmed by the fact that with boiling aqueous-alcoholic alkali the compound yielded 
cyclohexanone, salicylic acid, and the acid (II; » = 5). Further confirmation was obtained 
by the preparation of 7-methyltetrahydroxanthone from #-cresol by the Simonis reaction 
and its conversion into a similar dichloride under analogous conditions. The latter was 
also degraded with alkali, cyclohexanone and 5-methylsalicylic acid being obtained. 

The condensation of phenol with ethyl cyclopentanone-2-carboxylate in the presence 
of phosphoric oxide has yielded 2 : 3-dihydropentachromone (V), which, with fuming 
nitric acid, has given its 6-nitro-derivative. The compound (V), on degradation with 
alkali, gave 8-o-hydroxybenzoylvaleric acid (II; ” = 4) as the sole product. 

There has been much published work in recent years (see Ann. Reports, 1931, 28, 155; 
Robertson and collaborators, J., 1932, 1180, 1681; Chakravarti, J. Indian Chem. Soc., 
1931, 8, 619; 1932, 9, 25, 31, 389) on the course of the condensation between phenols and 
8-ketonic esters in the presence of phosphoric oxide, and it has been established that in 
many cases the product is not the chromone but the isomeric coumarin. The applications 
of the Simonis reaction now described are interesting from this point of view. In addition 
to those mentioned, 7-bromotetrahydroxanthone has been prepared from p-bromophenol. 
The structures of 7-methyl-, 7-chloro-, and 7-bromo-tetrahydroxanthone have been 
established by degradation with alkali, in each case cyclohexanone together with 
the corresponding derivatives of salicylic acid and of ¢-o-hydroxybenzoylhexoic acid 
being obtained. 


EXPERIMENTAL. 


Tetrahydroxanthone.—P,O, (60 g.) was added to a solution of PhOH (40 g,) in ethyl cyclo- 
hexanone-2-carboxylate (40 g.), and, after a few min., a vigorous reaction with considerable 
frothing took place. When cold, the residue was treated with ice, NaOH (60 g. in H,O), and 
Et,O, and stirred mechanically until two clear layers remained. The ethereal solution was 
shaken with NaOH aq., dried with CaCl,, and evaporated. The residue, when distilled, gave 
tetrahydroxanthone (b. p. 195—212°/9 mm.), colourless plates (5-5 g.), m. p. 104°, from 
petroleum (b. p. 60—80°) (Found : C, 78-2; H, 6-2. Calc.: C, 78-0; H, 6-0%). 

Nitration of Tetrahydroxanthone.—A solution of tetrahydroxanthone (0-5 g.) in HNO, (10 c.c., 
d 1-5) at 0° was kept in ice for 1 hr. and then poured on ice-water. The ppt. melted at 171— 
191°, and, on crystn. twice from EtOH, gave 7-nitrotetrahydroxanthone in pale yellow needles, 
m. p. 203° (Found: C, 63-9; H, 4:7. C,,H,,0O,N requires C, 63-7; H, 45%). 

The latter compound (2 g.) in the min. quantity of AcOH at 40° was treated gradually with 
Zn dust (8 g.), and, after the mixture had been made alkaline with NaOH aq., the product 
was extracted with Et,O. When the extract had been dried (K,CO,;) and evaporated, the 
residue was dissolved in dil. HCl, the solution filtered, and 7-aminotetrahydroxanthone, yellow 
needles, m. p. 179° (after crystn. twice from EtOH), was recovered by pptn. with alkali (Found : 
C, 72-8; H, 6:1. C,,;H,,;0,N requires C, 72-6; H, 6-0%). Acoldsolution of this amine (0-86 g.) 
in dil. HCl was diazotised and slowly added with shaking to cuprous chloride (0-7 g.) in a little 
conc. HCl. After a short time the product was extracted with Et,O, purified by boiling in 
EtOH with charcoal, and recovered from the EtOH by pptn. with H,O; 17-chlorotetrahydro- 
xanthone, colourless needles, m. p. 151—153°, from EtOH, identical (mixed m. p.) with a 
synthetical specimen, was obtained (Found: C, 66-1; H, 4:6. C,3H,,0,Cl requires C, 66:5; 
H, 47%). 

Degradation of Tetrahydroxanthone with Alkali—A mixture of tetrahydroxanthone (3 g.), 
KOH aq. (10 c.c. of 30%), and EtOH (20 c.c.) was refluxed for 1 hr. and then steam-distilled. 
The distillate (100 c.c.) was treated with NHPh-NH, (2 c.c.) and shaken; cyclohexanone- 
phenylhydrazone separated and was converted, after the addition of conc. H,SO, (12 c.c.), 
into tetrahydrocarbazole (1-1 g.; identified by mixed m. p.) by boiling. The solution remain- 

R 
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ing from the steam distillation was filtered from a small quantity of neutral solid, acidified 
with conc. H,SO,, and then made alkaline with Na,CO, aq. When steam-distilled, the absence 
of PhOH in the distillate was demonstrated with FeCl, aq., and the residual solution was again 
acidified with conc. H,SO,. The ppt. was extracted with Et,O and dried with Na,SO,; the 
residue, after evaporation, was dissolved in MeOH, the solution saturated with dry HCl and 
refluxed for 5 hr. The esters obtained by dilution with H,O were taken up in Et,O, shaken 
with Na,CO, aq., and recovered by evaporation. After steam distillation, the volatile ester 
was hydrolysed with KOH aq. and yielded salicylic acid (0-85 g.) (mixed m. p.). The non- 
volatile ester, on hydrolysis, gave e-0-hydroxybenzoylhexoic acid (1-3 g.), colourless plates, m. p. 
97—99°, from petroleum (b. p. 60—80°) (Found: C, 66-3; H, 7-0. C,3;H,,O, requires C, 66-1; 
H, 68%). The acid gave a purple colour with FeCl, aq., and its methyl ester separated from 
MeOH in colourless plates, m. p. 40—42°. 

7-Chloro- and 7-Bromo-tetrahydroxanthone.—A mixture of ethyl cyclohexanone-2-carboxylate 
(40 g.), p-chlorophenol (54 g.), and P,O, (60 g.) was heated on the steam-bath for 20 min., 
allowed to cool, and mechanically stirred with ice, NaOH (60 g. in H,O), and Et,O until 
completely dissolved. After the ethereal solution had been shaken with NaOH aq., dried, and 
evaporated, the semi-solid residue gave 7-chlorotetrahydroxanthone (6-0 g.) in colourless 
needles, m. p. 154°, on crystn. from EtOH. This compound (4-5 g.), when degraded with 
aq.-alc. KOH, gave cyclohexanone (estimated as 1-5 g. of tetrahydrocarbazole), 5-chloro-2- 
hydroxybenzoic acid (1-0 g. Found: C, 48-8; H, 2-9. Calc.: C, 48-7; H, 2-9%), m. p. 
172° (after crystn. from EtOH aq.), and e-5-chloro-2-hydroxybenzoylhexoic acid (1-0 g.), colour- 
less plates, m. p. 122°, from EtOH (Found: C, 57-7; H, 5-7. Cy 3H,,;0,Cl requires C, 57-7; 
H, 5-5%). 

7-Bromotetrahydroxanthone, prepared like the 7-chloro-compound, separated from EtOH or 
petroleum in colourless needles, m. p. 151° (Found: Br, 28-2. C,,;H,,O,Br requires Br, 28-7%), 
and, on degradation (3 g.) with aq.-alc. KOH, yielded cyclohexanone (0-7 g. tetrahydrocarb- 
azole), 5-bromo-2-hydroxybenzoic acid (0-7 g.), m. p. 163—165° (identified by mixed m. p. 
with a specimen prepared as described by Hewitt, Kenner, and Silk, J., 1904, 85, 1228), and 
e-5-bromo-2-hydroxybenzoylhexoic acid (1-1 g.), colourless plates, m. p. 120°, from EtOH (Found : 
C, 49-8; H, 4-9. C,,;H,,0,Br requires C, 49-5; H, 48%). 

Bromination of Tetrahydroxanthone-—When tetrahydroxanthone in AcOH was treated at 
room temp. with an equimolecular quantity of Br, the dibromide (III), yellow prisms, m. p. 
115°, after rapid crystn. from AcOH, separated as a red oil which soon solidified. It 
instantaneously liberated I from KI aq., and gave tetrahydroxanthone on treatment 
with NaOH aq. or NH, aq. The same compound separated when tetrahydroxanthone was 
treated with Br in CS,. 

When a solution of tetrahydroxanthone (16 g.) in warm AcOH was treated with Br (14 g. 
in AcOH) and then boiled for } hr., the deep red colour changed rapidly to yellow and HBr 
was freely evolved. After cooling, the solution was poured on excess of ice-NH, aq., and 
the product extracted with Et,0. When the extract had been dried (CaCl,) and evaporated, 
the residue gave ?: ?-dibromotetrahydroxanthone (1-2 g.) in colourless prisms, m. p. 147°, on 
crystn. from EtOH and then petroleum (b. p. 60—80°) (Found: C, 43-3, 43-5; H, 2-6, 2-8; 
Br, 45-0. C,,;H,,0,Br, requires C, 43-6; H, 2-8; Br, 44-7%). The m. p. was greatly depressed 
by admixture with 7-bromotetrahydroxanthone. 

Chlorination of Tetrahydroxanthone.—When a solution of tetrahydroxanthone (8 g.) in CC], 
(60 c.c.) at 20° was treated with Cl (2-84 g. in 45 c.c. CCl,) a slight turbidity developed, but no 
definite product separated. The CCl, was distilled off completely on the steam-bath, only a 
trace of HCl being evolved, and the oily residue, when rubbed with EtOH, gave 
10 : 11-dichlorohexahydroxanthone, colourless plates (3-9 g.), m. p. 64—65°, from EtOH (Found : 
C, 57-7, 57-2; H, 4-5, 4:4; Cl, 26-4. C,,;H,,0,Cl, requires C, 57-6; H, 4-4; Cl, 26-2%). This 
compound (4-9 g.), which did not liberate I from KI aq., on degradation with aq.-alc. KOH, 
gave cyclohexanone (0-5 g. tetrahydrocarbazole), salicylic acid (0-5 g.), and a little e-o-hydroxy- 
benzoylhexoic acid (m. p. 97—99°, after being twice crystallised from petroleum). 

Chlorination of 7-Methyltetrahydroxanthone.—Prepared like tetrahydroxanthone, -cresol 
being used, 7-methyltetrahydroxanthone was collected at 220—240°/24 mm. and separated 
from petroleum (b. p. 60—80°) in colourless needles, m. p. 102—103° (Found: C, 78-5; H, 
6-9. Calc.: C, 78:5; H 6-5%) (Sen, Joc. cit., gives m. p. 113°). On degradation (4 g.) with 
aq.-alc. KOH, it gave cyclohexanone (1-1 g. tetrahydrocarbazole), 5-methylsalicylic acid (0-9 g.), 
m. p. 151° (Found: C, 62-9; H, 5-3. Calc.: C, 63-2; H, 5:3%), and e-2-hydroxy-5-methyl- 
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benzoylhexoic acid (1-4 g.; intense violet colour with FeCl, aq.), colourless needles, m. p. 87°, 
from petroleum (b. p. 60—80°) (Found: C, 67-5; H, 7-4. C,,H,,0O, requires C, 67-2; H, 
7:2%), but no p-cresol. 

When the 7-methyl compound was chlorinated (7 g.) as for tetrahydroxanthone, 10: 11- 
dichloro-7-methylhexahydroxanthone (4-5 g.), colourless plates, m. p. 110—111°, from EtOH, 
was obtained (Found: C, 58-6, 58-5; H, 4-9, 4-9. C,,H,,0,Cl, requires C, 58-9; H, 4-9%). 
This compound did not liberate I from KI aq., and, on degradation (3-5 g.) with aq.-alc. KOH, 
it gave cyclohexanone (0-25 g. tetrahydrocarbazole) and 5-methylsalicylic acid (0-45 g.). 

2 : 3-Dihydropentachromone.—Prepared like tetrahydroxanthone, ethyl cyclopentanone-2- 
carboxylate being used, 2: 3-dihydropentachromone was collected at 185—195°/20 mm., 
and obtained from petroleum (b. p. 60—80°) in colourless plates, m. p. 120—121° 
(Found: C, 77-6; H, 5:5. C,,H,)O, requires C, 77-4; H, 5:-4%). On degradation with 
aq.-alc. KOH this compound (4 g.) yielded no cyclopentanone, phenol, or salicylic acid, the 
sole product being $-o-hydroxybenzoylvaleric acid (3-3 g.), colourless plates, m. p. 93—94°, 
from benzene—petroleum, identical (mixed m. p.) with the compound described by Paterson 
and Plant (J., 1925, 127, 1797). 

6-Nitro-2 : 3-dihydropentachromone, prepared like 7-nitrotetrahydroxanthone, separated 
from EtOH in almost colourless needles, m. p. 184° (Found: C, 62-6; H, 4:1. C,,H,O,N 
requires C, 62-3; H, 3-9%), and, on reduction as before, yielded 6-amino-2 : 3-dihydropenta- 
chromone, pale yellow needles, m. p. 240°, from EtOH (Found: N, 7:2. C,,H,,O,N requires 
N, 7-0%). 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, January 11th, 1933.] 





65. n-Aliphatic Long-chain Alcohols. 
By J. W. C. PHILtips and S. A. MuMForD. 


AN extension of our investigation of the dimorphism of certain aliphatic compounds (Part I, 
J., 1931, 1732; Part II, J., 1932, 898) to the monocarboxylic ethyl esters (Parts III and IV ; 
Rec. trav. chim., 1933, 52, 175, 181) necessitated the use of pure m-tetradecyl and n- 
octadecyl alcohols as starting materials. Technical varieties of these and other higher 
alcohols have been procurable for some time (see Chem. Trade J., Jan. 22nd, 1932), and 
the “ pure”’ alcohols themselves are also now available from the same source. These 
afford a comparatively cheap and ready means of obtaining the higher normal even-chain 
aliphatic alcohols, which are otherwise only prepared with considerable trouble by the 
purification and subsequent reduction of esters of the corresponding acids. 


The commercial “ pure’”’ tetradecyl alcohol, converted into acetate and systematically 
fractionated under reduced press. through a good column, yields about 60% of the $-form of 
n-tetradecyl acetate, m. p. 13-5°, raised to 13-85° by further fractionation. The corresponding 
octadecyl alcohol, by a similar procedure, followed by crystn. from EtOH (in the §-form; 
see Part III), gives not less than 40% of nearly pure -octadecyl acetate (8-form), m. p. 32-7°, 


raised to 32-8° by further recrystn. 
Acetate. Alcohol. 
7 4 Transition 
(B) M. p. F. p. temp.* 








n-Tetradecyl. 
(1) By reduction of ethyl myristate ‘ 13°95° 37°7° 350° 
(2) From commercial “ pure ’’ alcohol 2 13°85 37°7 34°8 
(3) Literature values 12—131 37°72 342 
n-Octadecyl. 
(1) By reduction of ethyl stearate , 32°85 57°95 53°8 
(2) From commercial “ pure ’’ alcohol i 32°8 57°95 53°5 
(3) Literature values 311 57°95 3 -— 


1 Krafft, Ber., 1883, 16, 1720. *% Garner and Rushbrooke, J., 1927, 1351. * Smith, ibid., 1931, 802. 
* The transition temps. given in the table are the highest temps. recorded during the arrest, the 


bulb of the thermometer being embedded in the unstirred solid: they are, accordingly, liable to slight 
variation, to minimise which an approx. const. rate of cooling, ca. 0°6° per min., was employed throughout. 
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Each of the acetates exists in two monotropic modifications (see table), the transparent 
a-form, first obtained on cooling the liquid ester, changing spontaneously and exothermally into 
the white, opaque, and higher-melting B-variety (cf. cetyl acetate, Part I). 

The alcohols obtained by hydrolysis of these acetates, after purification by crystn., have 
f. p. 37-7° and 57-95° respectively, and both exhibit the dimorphism characteristic of cetyl 
alcohol (see Part I), the cooling curve showing a well-defined arrest * a few degrees below the 
f. p., corresponding with a change in appearance from semi-transparent to white and opaque. 

It will be seen from the table that the f. p.’s of the purified alcohols and their acetates agree 
closely with those of products obtained by the orthodox reduction method, and with the best 
values recorded in the literature. 
[Received, January 19th, 1933.] 
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66. Liquidus and Solidus Studies. Part III. The Ternary System 
Ba(NO,),-Ca(NO,),-KNO,. 


By K. LayBourn and W. M. MApDGIN. 


THE alkaline-earth nitrates and lead nitrate all decompose at low temperatures below the 
respective fusion points and, consequently, binary systems formed by any two of these 
salts cannot be investigated by simple thermal analysis. Vegard and Bilberg (Norske 
Videnskaps Akad. Oslo, Avhandl. I, Mat. Naturv. Klasse, 1931, 12, 1) have shown crystal- 
lographically that these four nitrates all belong to the same space group, and Ringdal 
(Z. Krist., 1932, 82, 50), using X-ray methods, has shown that strontium nitrate forms mixed 
crystals in all proportions with either barium or calcium nitrate. Vegard and Dale (ibid., 
1928, 67, 148) have shown that barium and lead nitrates are completely miscible in the 
solid state. From X-ray films for calcium nitrate—barium nitrate mixtures, Ringdal (loc. 
cit.) finds weak and diffuse lines, but all measurable lines follow Vegard’s additive law for 
mixed crystals. 

It appeared that the authors’ method (J., 1932, 2582) of investigating binary systems 
by the addition of a third component might conveniently be applied to the various binary 
systems realisable from the four nitrates in question, and the present work concerns the 
nitrates of barium and calcium. Potassium nitrate was used as a third component, not 
only because of its own stability, but also because it was thought that it might prove to be 
an inert solvent giving mixtures of very low melting point (e.g., with lead nitrate it gives a 
eutectic temp. of 217°; Glass, Laybourn, and Madgin, J., 1932, 874). 

Harkins and Clark (J. Amer. Chem. Soc., 1915, 37, 1816) state that potassium nitrate 
forms a eutectic system with barium nitrate. Menzies and Dutt (zbid., 1911, 38, 1366) 
claim that potassium nitrate and calcium nitrate form a eutectic mixture melting at 210°, 
but Rostkovski (J. Russ. Phys. Chem. Soc., 1930, 62, 2055) gave the eutectic temperature 
as 145° and also stated that these two nitrates form an incongruently melting compound, 
unstable above 174°. The formation of such a compound would not interfere with the 
present investigation of solid—liquid equilibria, since these have been carried out at much 
higher temperatures than 174°. It was thought that information concerning this compound 
might emerge from the present work. 


EXPERIMENTAL. 


Purification of KNO, was effected as previously described (/oc. cit.); Ba(NOg,), was recryst. 
thrice from H,O and dried at 120°, and Ca(NO;), (A.R. quality) was recryst. and dehydrated 
at 130°. 

According to Carnelley (J., 1878, 33, 273), the m. p.’s of Ba(NO;), and Ca(NO,), are both 
higher than 550°, but we find that decomp. of both’‘salts is violent below 500° (before fusion 
occurs). However, in ternary mixtures of these two salts with KNO, it has been found possible 
to determine f. p.’s as high as 500°, and the scope of the present investigation has been extended 
to mixtures containing as much as a total of 80% (by wt.) of the alkaline-earth nitrates. The 
f. p. data for the two binary systems involving KNO, have been redetermined, since much of the 


earlier work is conflicting. 
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Freezing Points and Isotherms for Ternary Mixtures.—In addition to the f. p.’s of binary 
mixtures, those of 60 different ternary mixtures have been found and an isothermal diagram has 
been constructed (Fig. 1). In deciding the exact form of the isotherms, the essential require- 
ment is a large number of f. p.’s rather than great accuracy in their determination, and in the 
results now reported, an accuracy of + 1° has been considered adequate. 

The temp. range of these f. p.’s is very great (529—144°), and therefore a thermocouple 
(of ‘‘ chromel-eureka ” wire, 30S.W.G.; made by Foster Instrument Co., Letchworth), in series 
with an accurate millivoltmeter, was used to determine the f. p.’s. The instrument was calibrated 
to give temps. to 0-5°. 

Fic. 1. 
Freezing-point isotherms in the ternary system KNO,-Ca(NO;),-Ba(NO,),. 


KNO3 








/\ 
Ca(N03)2 Ba(W03)2 
Inset A. Inset B. 


[Above EC is the region in 
which KNO, separates ; 
below EC, solid solutions of 
Ca(NO,).+Ba(NO,)2.] 














Ca(N03)> Ba(N03)2 


F. p.’s were determined by fusing 20 g. of the required mixture in a hard-glass test-tube 
suspended in a specially constructed electric furnace provided with two small glass observation 
windows so that the melt could be observed directly without undue heat loss. On cooling 
the melt, with the thermocouple immersed, the first appearance of solid was easily observed and 
the corresponding temp. (f. p.) noted. The rate of cooling was very slow (not exceeding 2° per 
min. for higher temps.), and stirring was done continuously with a glass stirrer. 

In mixtures not far removed from the comp. of the eutectic mixture of KNO, and Ca(NO;), 
and having f. p.’s lower than 180° (approx.), viscosity was very great and consequently super- 
cooling was pronounced. For this reason, in addition to cooling expts., these mixtures were 





Part IIT. 
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re-heated after solidification had commenced, and the temp. (m. p.) at which the last trace of 
solid disappeared was noted. The mean of the m. p. and the obs. f. p. was regarded as the true 
f. p. for any one mixture. 

Mixture of Lowest Freezing Point.—The present ternary system is peculiar in that no ternary 
mixture has a f. p. lower than that of the binary eutectic in the system Ca(NO;),-KNO, 
(viz., 144°). This fact was obvious from the isotherms (Fig. 1) and was confirmed by determin- 
ing the f. p.’s of mixtures of comp. differing only slightly from that of the binary eutectic. 
In every case examined the f. p. was considerably higher than 144°, as is apparent from the results 
in Table I. 

TABLE I. 


Mixtures of very low freezing point. 

KNO,, %. Ca(NO,)., %. Ba(NO,).,%. F-. p. KNO,, %. Ca(NO;)., %. Ba(N 
53°5 46°5 0-0 144° 52-0 47-0 . 
52°5 47°5 0: 152 54-0 44-0 
55°0 44°0 s 182 55°0 40°0 
54:0 45°0 1: 180 50°0 45:0 
53°0 46°0 1- 178 


Thus the binary eutectic mixture of KNO,—Ca(NO,), has the lowest f. p. realisable in the 
ternary system, and the comp. (wt.) is KNO, 535% and Ca(NO,), 465% (cf. Rostkovski, 
loc. cit., who gave KNO, 543% and f. p. 145°). 

Examination of Solid Phases ——Samples of the solid phases separating from mixtures lying 
on the isothermals 270°, 300°, and 370° were isolated by the method previously described (oc. 
cit.), and samples of liquid in equilibrium with these solids were simultaneously taken. In view 
of the very deliquescent nature of Ca(NQO;),, it was necessary to seal all samples immediately 
in weighed glass tubes. After weighing, the sealed tubes were broken under H,O and each 
sample was analysed for K as KCIO, (after removal of Ca and Ba as carbonates) and for Ba as 
BaCrQ,. 

TABLE II, 

Liquid phase. Solid phase. 
Ba(NO,), KNO;,  Ba(NO,),, KNO,, 

%- Yo: %+ y 


0 o- 


Liquid phase. Solid phase. 
Ba(NOs)., KNO;,  Ba(NQs)q, KNO,, 
%o- Yo Yo %- 


oO 


A. Mixtures located on the isotherm 270°. 


B. Mixtures located on the isotherm 370°. 


1-02 
1:99 
4°72 
5°91 
7°25 
9°96 
15°18 
15°60 
10°65 
731 
2°78 


21°17 


43°92 
44°42 
47°58 
50°72 
56°40 
64°63 
72°06 
74°14 
75°82 
76°83 
78°09 


77°92 


4°16 
7°02 
12°79 
19°22 
26°13 
33°04 
38°88 
9°21 
6°33 
3°97 
1°89 


37°72 
38°04 
39°20 
38°29 
40°18 
46°55 
51°97 
84°89 
85°71 
87°31 
86°09 


1°58 

4°46 

7°42 
11°61 
14°70 
16°82 
19°41 
20°88 
27°09 
35°07 


33°98 
34°44 
35°02 
36°23 
38°10 
40°37 
45°59 
48°66 
54°58 
57°24 


C. Mixtures located on the isotherm 300°. 


14°50 


84°83 


16°94 


79°41 


2°02 

6°68 
12°83 
19°45 
27°62 
31°90 
43°36 
47°78 
54°00 
59°01 


10°76 


26°33 
25°26 
24°19 
24°05 
22°86 
27°14 
27°99 
30°28 
33°92 
36°04 


86°49 


The results of these analyses (Table II) are shown in Fig. 2. Since Rostkovski (loc. cit.) 
claims that a compound, Ca(NO,).,4KNO,, is formed, attempts were made to examine solid 
phases separating from mixtures within the very small area enclosed by the 180° isotherm. 
Owing to the very great viscosity and consequent bad drainage of these solid phases, together 
with the proximity of the liquid and solid phase compositions to the side of the triangle (Fig. 1) 
corresponding to the two-component system Ca(NO ;),-KNOs, the results of these examinations 
were inconclusive (cf. Browne, J. Physical Chem., 1902, 6, 305). Consequently it was not 
possible to determine the nature of the solid phases separating from mixtures of very low f. p. 


Discussion of Results.—It appears from the tie lines in Fig. 2 that the two salts Ca(NOg). 
and Ba(NO,), form a continuous series of solid solutions at the temps. of the isothermals 
considered. A large number of mixtures, covering a wide range of composition, has been 
examined in order to explore the possibility of partial miscibility (cf. Glass, Laybourn, and 
Madgin, this vol., p. 199). 
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A consideration of Fig. 1 suggests that, if the isothermals could be determined over the 
whole diagram, the solid solution basin AB (inset B) would be continued to the binary 
system Ca(NO,),-Ba(NO;)2, but evidently no mixture of these salts can be fused at a 
sufficiently low temperature to exclude decomposition. However, the present results 
indicate that, when the m. p.’s of the components are sufficiently lowered by the addition 
of a third component, so that they can be melted together without decomposition, the two 
salts do, in fact, form a continuous series of solid solutions. This use of low-temperature 
systems of molten salts, such as those represented by the isothermals in Fig. 2, to determine 
the miscibility or otherwise of components which decompose below their m. p.’s and have 
no stable fusion range, is a valuable experimental technique. 


Fie. 2. 
Liquidus-solidus conjugation lines in the ternary system KNO,-Ca(NO,),-Ba(NO,),. 
KNO3 











Ca (N03)o Ba(N03)2 


The authors’ previous work (Joc. cit.) and also Part II of this series (this vol., p. 199) 
deal with solid—liquid equilibria involving binary systems with definite fusion ranges, and 
the isothermals there investigated were all for temperatures lying within, or very close to, 
these ranges. An unusual feature of the present system is that only one eutectic trough 
appears in the ternary diagram (EC, Inset B, Fig. 1) and no ternary eutectic mixture is 
formed. It was shown by van Rijn van Alkemade (Z. physikal. Chem., 1893, 11, 289) 
that the freezing point of a binary eutectic mixture will be lowered by adding a third com- 
ponent so long as the solid phase separating is a pure component. However, there is no 
thermodynamic basis for assuming such a lowering of f. p. when the third component forms 
solid solutions with one component of the eutectic mixture, and, indeed, the f. p. of the 
eutectic mixture between potassium and calcium nitrates (E, Inset B, Fig. 1) is continually 
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raised along the eutectic trough EC. The solid phase separating along this trough is a 
eutectic mixture consisting of pure potassium nitrate together with solid solutions of the two 
other nitrates. 

Glasstone and Riggs (J., 1925, 127, 2846) found that potassium and barium nitrates 
separate as a compound from aqueous solutions at 50° and 25°, but Rostkovski (loc. cit.) 
was unable to detect this compound in molten mixtures of these two salts. The iso- 
thermals (Fig. 2) do not suggest that a compound is formed under the conditions used in 
the present work. 

SUMMARY. 


A method is described for investigating the nature of the system Ca(NO;),.-Ba(NO,)., 
which, owing to decomposition, has no stable fusion range, from a study of the ternary 
system KNO,—Ca(NO,),-Ba(NO ;),. The form of the liquidus surface of the ternary system 
has been determined, and only one eutectic trough appears across the isothermal diagram. 
No mixture in the ternary system has a lower freezing point than that of the binary eutectic 
mixture in the KNO,—-Ca(NO,), system. Solid phases from mixtures on the 270°, 300°, 
and 370° isotherms have been examined, and it appears that calcium and barium nitrates 
form a continuous series of solid solutions under the conditions of the present experiments. 


We are indebted to the Research Committee of this College for a grant. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, January 26th, 1933.] 





67. The Photo-change of N-Chloroacetanilide in Various Solvents. 
By F. W. Hopces. 


THE transformation of N-chloro- into #-chloro-acetanilide was first studied by Chattaway 


and Orton (J., 1899, 75, 1046; 1900, 77, 134, 152, 789, 797; 1901, 79, 254). Armstrong 
(J., 1900, 77, 1047) found that the presence of hydrogen chloride was essential for the 
reaction to take place, and Blanksma (Rec. trav. chim., 1902, 21, 366; 1903, 22, 290) noted 
that light greatly accelerated it. Orton and Jones (Rep. Brit. Assoc., 1910, 85) found that 
two distinct stages were involved, 


NPhClAc + HCI—> NHPhAc+Cl . . . . . (I) 
NHPhAc + Cl, —> NHAc‘C,H,C1+ HCl. . . . (2) 


and Soper (J. Physical Chem., 1927, 31, 1192) showed that the speed of transformation 
is approximately equal to that of (2). 

Mathews and Williamson (J. Amer. Chem. Soc., 1923, 45, 2574) found that in the light 
of a quartz mercury-vapour lamp the reaction took place in the absence of added 
hydrogen chloride in benzene and some other solvents. From the last result it 
appeared that the photo-reaction in inert solvents might be a simple isomerisation, and 
that the relative velocities might throw some light on solvent effect and its relation to the 
physical properties of the solvent. 

The electrical environment of the solute appears to be more likely than any other 
cause to influence its reactivity, and it is the polar or non-polar nature of the solvents 
which has been most frequently considered in this connexion. In general, it has been 
concluded that in thermal reactions velocity is greater in the more polar solvents, but in 
photo-reactions, e.g., the polymerisation of anthracene (Winther, Tvans. Faraday Soc., 
1926, 21, 595) and the oxidation of iodoform (Plotnikow, Z. physikal. Chem., 1911, 76, 
743), there is some evidence that velocity decreases with increasing polarity. 

The results now obtained point in the same direction; for instance, in the simple 
benzene solvents velocities were in the order Ph*CH,>PhH>PhCl>PhBr, and it is 
significant that this order is the same as that found by Rule and Mitchell (J., 1926, 3202) 
for the increase of rotatory power of certain esters in the same solvents. 





Qo m4 wm mM DM ~.y3 Hh wt Ble 


— me ot 45 


7™~ 


c-dWOoOoDo oo 08 SS ee 2s _— 


The Photo-change of N-Chloroacetanilide in Various Solvents. 241 


In solvents such as cyclohexane and decalin the main product is acetanilide; so reaction 
evidently occurs between solvent and solute in these cases and the normal reaction is 
suppressed. 

The relation between the velocity of a reaction and the cohesion of the medium has 
been studied by Soper and Richardson (J., 1929, 1873). From their own measurements 
on the reaction between N-chloroacetanilide and hydrochloric acid in aqueous solution, 
the cohesion of which was varied by the addition of other substances, and from results 
obtained by other workers, they concluded that, when the products of a reaction have 
greater cohesion than the reactants, then solvents of high cohesion cause an acceleration. 
Conversely, if, as in the case examined, the products are of lower cohesion than the reactants, 
then such solvents retard. 

In attempting to correlate this and other physical properties of the solvent with changes 
in velocity of reaction, there appeared to be a simple relation for benzene and the mono- 
halogeno-benzenes, in which velocity decreases with an increase in cohesion and in density. 
However, in toluene, cyclohexane, and decalin no such relation could be observed, possibly 
because these solvents themselves undergo reaction with the chloroamine (see p. 242); 
carbon tetrachloride, too, did not conform to the relationship. 


EXPERIMENTAL. 


Preparation of N-Chloroacetanilide——The following details, kindly supplied by the late 
Professor Orton, do not appear to have been published. 50 G. of finely powdered NaHCO, were 
added in small portions and with continuous shaking to 450 c.c. of filtered 0-5N-bleaching 
powder aq., and the pptd. CaCO, was removed. 13-5 G. of acetanilide were dissolved in 700 c.c. 
of hot water, and obtained as a fine suspension by rapid cooling to 30° with thorough shaking. 
The hypochlorite solution was then added in portions (20 min.) to the warm anilide suspension, 
shaken during the addition and for further 30 min. thereafter; the pptd. cryst. solid, which 
should be quite white, was separated, pressed, stirred with about 100 c.c. of H,O, and immediately 
recovered and dried over P,O,; and anhyd. K,CO, in a vac. desiccator (yield, 14 g. of 988—100% 
purity). Exposure to strong light should be avoided during the prepn., a glass spatula used, 
and the product kept in the dark. 

Purification of Solvents Commercial benzene was purified by treatment with conc. H,SO,, 
alkali, and H,O in the usual way, shaken with CaCl,, set aside for 2 days, and fractionated ; 
the middle fraction was dried over P,O, and again fractionated. For more intensive drying 
it was refluxed for 3 hr. over Na and distilled into the reaction vessel as required. For all the 
later work, B.D.H. benzene, “ pure for molecular weights,’’ was dried over CaCl, and fractionated. 

All the other solvents used were specially purified B.D.H. reagents, which were dried over 
CaCl, and fractionated. Further purification made no difference to the results. 

Effect of Solvent on Velocity.—Radiation was obtained by means of a Hewittic Hg-vapour 
lamp, and in the first stage of the work no attempt was made to measure the intensity of the 
radiation. Current was obtained from the 100-volt mains and the lamp was connected in series 
with an adjustable resistance so arranged that a const. current of 3-75 amp. at 70 volts passed 
through the lamp. The constancy of the voltage was checked by means of a voltmeter con- 
nected to the lamp terminals. Monochromatic radiation was obtained by filtering the radiation 
through Chance’s ultra-violet glass, which allows little else to pass than the light giving the 
strong Hg line, 3659 A. In order to eliminate infra-red radiation, the light was passed through 
a 2-1. flask containing very dil. CuSO, aq., which also served as a condenser. A parallel beam, 
obtained by means of a 100-c.c. glass flask filled with H,O, was directed through the thermostat 
and reaction vessel. The thermostat was a rectangular zinc vessel, 8’’ x 3°’ x 4”, into which 
quartz windows were cemented back and front. (The use of quartz was not essential, since the 
wave-length employed was transmitted by glass; but for shorter wave-lengths glass cannot be 
used.) The temp. was maintained const. by means of an immersion heater and a Hg thermo- 
regulator electrically controlled. 

The reaction vessel consisted of a cylinder 6 cm. in diam. and 3 cm. in length, on the ends 
of which were sealed quartz discs. 

It was assumed that the lamp was giving a const. intensity provided that the current was 
const., and this probably was so when the lamp was new. Slight readjustments made appreci- 
able differences in velocity coeffs., and where comparisons are given, expts. were carried out 
under identical conditions. 
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In the first measurements 0-15—0-8 g. of the chloro-amine was dissolved in 50 c.c. or 100 c.c. 
of C,H, the actual concn. of the solution being checked iodometrically in one portion. The 
remainder of the solution was kept in the thermostat at 23-2° for 10 min., and then exposed to 
the radiation, 5 c.c. being withdrawn at intervals and titrated. 

Runs were carried out in C,H, which was (a) ordinary pure liquid, (b) satd. with H,O, and 
(c) intensively dried over Na and distilled thence into the reaction vessel. The rate of change 
was the same in all cases: in (a) and (b) the quantities changed in the first 75 min. were (a) 
62-4%, (b) 62-8%, and in (c), reckoning from the time when reaction started, 62°5%. In (a) 
and (b) reaction began as soon as the solutions were irradiated, but in (c) there was an induction 
period of 20min. Ina repetition of (c) there was no reaction for 30 min. 

A series of determinations in various solvents was now carried out as follows. A weighed 
quantity of the chloroamine was dissolved in 100 c.c. of the solvent, and thesolution standardised ; 
portions of 20 c.c. were submitted to radiation for varying periods, and then titrated as before. 
These determinations were made at two temps. and show fair consistency in the results, although 
such exact values as are obtained in an ordinary thermal reaction are not to be expected. 
Typical results are shown in Table I, & being calculated from the formula k = 1/¢. log c,/c», 
¢ being in min. and c, and c, in g.-mol./I. 

TABLE I. 


Solvent, dry benzene. Temp., 29-5°. A= 3659 A. 
Chloroamine = 0-057 g.-mol. /l. Chloroamine = 0°0115 g.-mol./I. 
Titre (N/10-Na,S,0;). k& x 105. t. Titre (N/20-Na,S,0;). & x 105. 

22°8 a 0 9°24 — 

20°9 587 15 , 481 

20°2 569 20 4 513 

19°8 525 30 . 481 

19°0 488 50 532 
Mean 542 Mean 502 


Other results are as follows :— 
k xX 105, 





Solvent. " é ‘Max. Min. 


0°057 592 573 

0°0123 504 474 

0-049 357 289 

0-014 359 290 
29°5 0-050 393 350 377 
29°5 0°044 327 279 308 
23°6 0-0085 1948 1895 1928 


These results were not considered sufficiently accurate for the calcn. of temp. coeffs., owing 
to variations in the intensity of the radiation. A series of comparisons was therefore made at 
two temps. but with the lamp running during the whole time for each solvent. The results 
at 23-6° and 33-6° were as follows :— 

C,H,Cl C,H,Br CHCl, 
382 301 319 
291 233 238 
1:34 1°31 1-29 1°34 

Figures determined at a later stage from the quantum-efficiency values, i.e., allowance 
being made for changes in intensity of the radiation, were essentially in agreement with the 
above. In CCl, cyclohexane, and decalin there appeared to be no temp. coeff., and in toluene 
the value was negative. 

Investigation of Reaction Products.—In all cases the irradiated liquids were analysed. In 
addition to the normal product, viz., p-chloroacetanilide, other products were obtained in 
certain cases; these were (a) acetanilide, (b) chlorinated solvent, and (c) diacetylhydrazobenzene. 

(a) Acetanilide was produced in reaction in toluene, cyclohexane, and decalin; from the 
first it was obtained on concn., and from the other two it separated during reaction. A small 
quantity of p-chloroacetanilide was obtained on further concn. of the toluene solution, but none 
from cyclohexane and decalin. No acetanilide was found in C,H., chloro- or bromo-benzene, 
or CHC],. 

(b) Fractional distillation of the liquid residues gave small quantities of chlorinated pro- 
ducts from solvents containing hydrogen. From 150 c.c. of residual CHCl, about 1 c.c. of 
CCl, was obtained. Very small quantities of chlorinated products were separated from C,H, 
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(b. p. 140—180°), C,H,Cl (b. p. 170—180°), and C,H,Br (b. p. > 180°); larger quantities were 
obtained from toluene (b. p. 163—200°), cyclohexane (b. p. 84—180°), and decalin (b. p. 200—235°). 

(c) In all cases evaporation to dryness gave a minute quantity of coloured crystals as well 
as the main product. In two cases, from CCl, and C,H,Br, a few crystals were isolated (m. p. 
105°); when mixed with diacetylhydrazobenzene (m. p. 105°) prepared by Schmidt and 
Schultze’s method (Annalen, 1881, 207, 327), they melted at 103°. 

The presence of this compound was also demonstrated as follows. Pure CHCl, (50 c.c.) was 
irradiated for $ hr.; 0-01 g. of the diacetyl compound was then added. This at first caused 
very strong absorption, followed by a slow decrease in absorption, thus resembling the results 
observed when the reaction itself was carried out in this solvent (see curve below). This 
decrease evidently indicates that some change takes place in this solvent but not in any other. 
It was found that hydrazobenzene when submitted to ultra-violet light in CHCl, undergoes the 
benzidine change, but that this does not . 
take place in other solvents ; hence, it would 15 A= 3659A 
appear that in this case diacetylhydrazo- 
benzene is first formed and then undergoes 
decomp., probably owing to the formation 
of HCl. 7 ar 

The concn. of HCl in solution was very 
small and could not be detected by alc. 
AgNO, immediately after reaction. A small 
quantity, however, was found after the 
solution had stood for some hours. 

Quantum-efficiency Measurements.—The 
quantum efficiency of the reaction was 
determined in 8 solvents. The exptl. 
arrangements were modelled on those of o-—-@=— Deanend 
Norrish (J., 1929, 1160), the condensed ~-@---0-- Chlorofo 
radiation being passed through the reaction 
vessel into a photoelectric cell connected to 
a sensitive galvanometer. By noting the 
difference in deflexion when radiation was 
passed through (a) the pure solvent and 
(b) the solution of N-chloroacetanilide, the 
amount of energy absorbed could be calculated. The photoelectric cell was an Osram 
evacuated Na cell which was enclosed in a metal box. With complete insulation of the 
terminals const. readings were obtained and there was no “dark” current. A current from a 
dry battery at 18 volts was passed through the cell, the circuit being completed by a 10,000-ohm 
resistance and a Pye Granta galvanometer with moving coil, and having a resistance of 50 ohms. 

The photoelectric cell was calibrated against a large-surface Moll thermopile, which was itself 
calibrated by means of a Leslie cube (cf. Norrish, Joc. cit.). Asa check on this result, a separate 
calibration of the thermopile was obtained by means of a carbon-filament lamp which had 
been standardised at the National Physical Laboratory. The results obtained were as follows: 


(a) Leslie cube method : 1 cm. defiln. = 35-4 x 10? ergs/sec. 

(b) Standard lamp method: 1 cm. defin. = 38-1 x 10? ergs/sec. 

Since (b) was considered to be the more accurate, this value was used in the calculations. 
For the calibration of the cell, the thermopile and the cell were mounted in turn so that the 
whole of the condensed radiation was either concentrated on the thermopile surface or passed 
through the window of the cell. 


The following results were obtained : 
Defin. with thermopile = 9-03 cm. (average of 9 readings). 
Defin. with cell = 42-58 cm. (average of 15 readings). 
Hence 1 cm. defin. for thermopile = 42-58/9-03 = 4-7 cm. for cell. 


The method of irradiating the solution was the same as that already described, 40 or 60 c.c. 
being used at a time. The amount of absorption was measured at the moment of exposure, 
and again at intervals as the reaction proceeded. Contrary to expectation, it was found that 
in most cases the amount of absorption increases with time, although p-chloroacetanilide shows 
much weaker absorption at this frequency than N-chloroacetanilide. This appears to be due to 
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the formation of a minute quantity of diacetylhydrazobenzene, which behaves as an internal filter. 
This increase of absorption was marked in C,H,, the halogen-substituted benzenes, and CCl,; in 
CHCl, the absorption rises to a max. and then rapidly falls (see fig.). In toluene, cyclohexane, 
and decalin the change is less marked, and acetanilide was the main product of the reaction. 
Reaction is approx. proportional to the intensity J, as measured by the galvanometer 
deflexion, when radiation is passed through the pure solvent immediately before reaction. 
This is shown by the following results (A = 3659 A.) : 
Solvent. Temp. I. k x 108. k x 105/I. Solvent. Temp. ‘ k x 108. k x 105/I. 
CH, 156° = 156 972 62°3 C,H,Cl 23°6° j 364 41°8 
a 15°6 22°8 1460 64:0 = 23°6 . 309 40°1 
is 15°6 20°33 1225 60°3 CCl, 23°6 ‘ 74°8 10°1 
wa 15°6 8°04 423°7 52°7 ~ 23°6 : 94°4 11-1 
The velocity coeffs. indicated a unimolecular reaction in all cases, so that one coeff. calculated 
from titration at the end of each exposure should give a measure of the velocity throughout. 
The increase of absorption seems to be due to the formation of a very small quantity of an 
absorbing compound by a secondary reaction which does not sensibly affect the velocity of the 
main reaction. The following results are typical : 
(1) Solution in C,H,; temp., 15-6°; 0-2 g. N-chloroacetanilide in 50 c.c. solvent; defin. 


through solvent = 22-8 cm. 
Time 5 12 20 48° 60 65 
Deflexion . 3°8 32 2°5 6 1°35 1-00 0°85 
Absorption ‘ 19-0 19°6 20°3 21° 21° 21°8 21°95 
Titration before exposure: 50 c.c. = 45°2 c.c. N a 
Titration after exposure: 50c.c.= 17‘5c.c. 
k = (log, 45°2/17°5) /65 = 0°0146; & x 105/I = 64-04. 

(2) Solution in CHCl,; temp., 156°; 0-2 g. N-chloroacetanilide in 50 c.c. solvent; defin. 
through solvent = 18-82 cm. 
Time 0 14 28 48 53 70 
Deflexion i 74 6:7 5°6 6°0 8: 
Absorption 10°62 11°42 12°12 13°22 12°82 9 
Titration before exposure: 50 c.c. = 45°2 c.c. N sienna 
Titration after exposure: 50c.c.= 175 c.c. 
hk = (log, 45°2/17°5) /91 = 0°01046; k x 105/I = 56°5. 

The reaction was carried out at 15-6°, 23-6°, and 33-6° and the results are in Table II. The 
first determinations were at 15-6° and these are likely to be less accurate than the later ones. 


82 87 91 
9° 10°1 10°35 


9 9 
“92 8°92 8°72 8°47 


TABLE II. 


Temp. 23-6°. J = Intensity of radiation as measured by galvanometer deflexion when 
radiation is passed through solvent. 2 = 3659A 


Time of ex- 
posure (min.). k x 105. 
20 509 
30 416 
30 396 
31 385 
20 233 
45 204 
30 364 
32 309 
20 74:8 
30 117°5 
40 94°4 
32 221°5 
21 2579 
20 2556 
23 2150 
2170 
1116 
1221 
208 
a ‘ 180 
: 144 


Carbon ‘tetrachloride + 
1 c.c. chloroform 


k x 1085/1. 
54 
57 
46 
51 
28 
25 
42 
41 
10 
14 
ll 

9°35 
460 
456 
349 
350 
219 
220 
45 
40 
40 
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For concns. of the same order as in Table II, the following values of k x 10°/I were obtained at 
15-6° and 33-6°. 


15°6°. 33°6°. 15°6°. 33°6°. 
PN Sacticcncnmeinniniee 64, 53, 60 66, 65 TIE, kicdiniscststvccuvects 407 457, 468 
Chlorobenzene ......... — 56, 52 I eciarcesisnccccsaccea 69 * 163, 163 
CRESIOEIENE. ciccsiciccsvves 54, 41 33, 29 Bromobenzene ............ — 79, 83 
cycloHexane _........s006 245, 297 344, 384 Carbon tetrachloride ... — 13, 11, 10 


* Unpurified toluene. 


Calculation of Quantum Efficiency (-y).—In all cases the number of mols. of N-chloroacetanilide 
undergoing change for every quantum of energy absorbed has been calculated, the method being 
based on that of Rideal and Williams (J., 1925, 127, 258). The following is a typical calculation, 
the results for 23-6° being given in the last col. of Table II, and those for 15-6° and 33-6° 
below. 

Solvent, C,H,; temp. 23-6°; A = 3659 A.; 0-0998 g. of N-chloroacetanilide in 50 c.c. CgHg. 
Before exposure, 10 c.c. = 19-2 c.c. N/80-Na,S,03. After exposure, 10 c.c. = 17:05 c.c. 


N/80-Na,S,0,;. Quantity exposed = 40 c.c. 


40  0-0998 
Mol = — —e , 23 _.. 9. 20, 
olecules exposed 50 * 1695 * 6:06 x 10 2-855 x 10 


Time, mins. = 31. k = (log, 19-2/17-05)/31 = 0-00385. 
Mols. changed in first second = k/60 x mols. present 
= 0-00385 x 2-855 x 10*°/60 = 1-83 x 10". 
Deflexion through solvent = 7-55cm. Deflexion through solution = 3-20 cm. Absorp- 
tion = 4-35 cm. 
1 Cm. defin. on thermopile = 4-7 cm. on cell = 38-08 x 10? ergs/sec. 
Energy absorbed = 4-35 x 38-08 x 10?/4-7 ergs/sec. 
Quantum = Ay = 6-55 x 10°*? x 8-19 x 10". 
4:35 x 38:08 x 10% - 
“ET x 685 x B19 ~ "OCA! X 10D. 
y = 1:83 x 10'*/0-06421 x 10'* = 28-5. 





Quanta per sec. = 


Solvent. Value of y. Solvent. Value of y. 
15°6°. 33°6°. 15°6°. 33°6°. 
BN sca ctenceecucwns 38, 38, 27 34, 32 EEE  wcniveusinsiaseacacis 129 178, 167 
Chlorobenzene ......... — 28, 27 cycloHexane ...........000. 117 180, 164 
COED dccccesnccseses 22, 26 22, 20 TIED. cchitennemitapiniene 34 * 107, 101 
Bromobenzene ......... — 23, 22 Carbon tetrachloride ... — 5°5, 5, 7 


* Unpurified toluene. 


Extent of Absorption.—The amount of absorption in different solvents, with the same concn. 
of the chloroamine, showed some variation. Thus, at 23-6° the substituted benzenes and C,H, 
itself all give approx. the same values, the average percentages of the total absorption through 
the pure solvent being as follows: C,H, 58, CgH,Cl 59, CgH,°CH, 56, C,H,Br 60. In CC], it 
is 62, and cyclohexane and decalin show about the same values, 71 and 74% respectively, whilst 
in CHCl, the low value of 47-3% is obtained. These values are little affected by temp. 

Effect of Impurities —The amount of absorption by the pure solvent itself was small and 
about the same in all cases, but in unpurified solvents the absorption may be much greater; 
é.g., a specimen of unpurified toluene absorbed over 50% of the available radiation and the 
value of y was correspondingly low. 

In most cases the values of y for any one pure solvent were fairly uniform, but there seems 
to be no reaction in the complete absence of H,O. Contrary to the usual effect of impurities, 
addition of 2% of CHCl, to the solution in CCl, doubled the value of y (Table IT). 


DISCUSSION OF RESULTs. 


The development of colour as the reaction proceeds was noted by Orton and Grey 
(Rep. Brit. Assoc., 1913, 136), who attributed it to either the formation of aniline or the 
presence of a tautomeric quinonoid substance. No evidence could be found in favour of 
either of these suggestions, but the demonstrated presence of traces of diacetylhydrazo- 
benzene (p. 243) would account for both the colour and the increase of absorption. 

Quantum Efficiency.—The high values for the quantum efficiency in all solvents point 
to some supplementary reactions which succeed a primary dissociation. All the following 
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are possible. (CIMH is N-chloroacetanilide, HMCI is the f-chloro-compound, HMH is 
acetanilide, and MH is the radical -NPhAc.) 
CIMH + hy——> CIMH* —->Cl + MH (1) Cl + CIMH —->CIMClI + H 
Cl + MH —>MCl + H (2) H + CIMCl ——> HMCI + Cl 
H + MCl —>HMCIl Cl + Cl—> Cl, 
H + CIMH —>HMH + Cl Cl + H—>HCl 
Cl + HMH —>HMCl + H MH + MH —>HM:MH 
The occurrence of (4) and (6) would lead to the formation of reaction chains and an 
increased value for y, although the effect should not be great owing to the low concentration 
of atomic hydrogen and chlorine. Again, the formation of hydrogen chloride would result 
in the usual reactions, CIMH + HCl—> HMH + Cl,; Cl, + HMH —» HMCl + HCl, 
which would probably account for the value y = 5 (approx.) in carbon tetrachloride. 
In solvents containing hydrogen the following additional reactions may occur, HS 
representing the solvent : 


Cl+HS—>CIS+H .. . (ll); H+CIMH—>»HMH+Cl .. . (12) 


and owing to the high concentration of the solvent these may become predominant, as they 
appear to be in toluene, decalin, and cyclohexane, where acetanilide is the main product 
of the reaction. In these cases y has very high values; it appears that reaction chains are 
produced and evidently extend outside the irradiated area. This accounts for complete 
reaction being obtained in cyclohexane in 0-5 hour and for the continuation of reaction in 
all solvents after the source of radiation is removed. 


SUMMARY. 


1. The rate of change of N-chloroacetanilide under the influence of ultra-violet 
radiation (A = 3659 A.) has been measured in eight solvents. 

2. The reaction does not take place or is very slow in the complete absence of water, 
but the velocity is not affected by a large increase in the quantity of water present. 

3. Einstein’s law is not followed in any solvent, but the lowest values were obtained 
in carbon tetrachloride, in which there is no possibility of reaction between solvent and 
solute. 

4. Solvents containing hydrogen facilitate reaction by themselves reacting with 
atomic chlorine from the solute. This results in the formation of reaction chains and in 
some solvents appears to be the predominant factor in determining the velocity of change 
and the value of y. 

5. No general relationship between velocity and physical properties of the solvent was 
discernible, but in closely allied solvents reaction velocity diminishes with increasing 
dielectric constant, with increasing surface tension, and with increasing density. 


The author thanks the Royal Society and the Chemical Society for grants. 
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68. The Isomeric 9: 10-Dihydroxyoctadecyl Alcohols produced by Oxid- 
ation of cis- and trans-4**”-Octadecenyl (Oleyl and Elaidyl) Alcohols. 


By G. CoLLIn and T. P. HILpITCH. 


WHEN oley] or elaidyl alcohol (or the acetate) is warmed with a solution of perhydrol in 
glacial acetic acid, a 9: 10-dihydroxyoctadecyl alcohol is produced in good yield: the 
product from oleyl alcohol melts at 82°, and that from elaidyl alcohol at 125—126°. 

Since we desired also to examine the effect of employing an alkaline aqueous solution 
of potassium permanganate as oxidant, the hydrogen phthalates of the alcohols were 
prepared in order to provide water-soluble derivatives of the latter. We find that di- 
hydroxy-derivatives corresponding to the octadecenyl hydrogen phthalates are produced 
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under the same conditions (dilute permanganate solution at 0° in presence of a substantial 
excess Of alkali) as in the cases of the corresponding octadecenoic acids (cf. Robinson 
and Robinson, J., 1925, 127, 177; Lapworth and Mottram, zbid., p. 1628), and also, that 
the course of the action of alkaline permanganate is the same in the case of the potassium 
salt of the alcoholic hydrogen phthalate as in that of the corresponding carboxylic acid. 
That is to say, the hydrogen phthalate of the 9 : 10-dihydroxyoctadecyl alcohol which 
melts at 125—126° is formed when oleyl hydrogen phthalate is oxidised with dilute alkaline 
permanganate solution, whilst that of the isomeric alcohol, m. p. 82°, results from the 
similar oxidation of elaidyl hydrogen phthalate. 

As in the respective cases of oleic and elaidic acids (cf. Saytzew, J. pr. Chem., 1886, 
34, 315; Albitski, J. Russ. Phys. Chem. Soc., 1899, 31, 76; 1902, 34, 788, 810; Zimovski, 
ibid., 1915, 47, 2121; Afanasievski, ibid., 1915, 47, 2124; Hilditch, J., 1926, 1828; etc.), 
the dihydroxy-derivative of lower melting point results from hydrogen peroxide oxid- 
ation of the cis-ethenoid compound and from alkaline permanganate oxidation of the 
trans-ethenoid compound, whilst that of higher melting point is produced from the respec- 
tive ethenoid compounds by the opposite reagents. The nature of the salt-forming group 
(R-CH,°O-CO-C,H,°CO,H or R-CO,H) does not affect the isomeric form of the resulting 
dihydroxy-compounds. 

André (Compt. rend., 1927, 185, 279, 387) converted crude oleyl and elaidyl alcohols 
(iodine values respectively 75 and 77) into the corresponding dibromo-octadecyl alcohols 
and found that these, when treated with silver acetate, yielded the diacetyl derivatives 
of two dihydroxyoctadecyl alcohols, which latter melted respectively at 126-5° and 92°. 
In view of Albitski’s observation (loc. cit.) that the chlorohydroxystearic acids produced 
by addition of hypochlorous acid to oleic or elaidic acid yield, by treatment with silver 
oxide, the opposite acid (7.e., that which also results by the action of alkaline per- 
manganate) to that obtained when potash or baryta is employed to convert the chloro- 
into the hydroxyl group, it is possible that the discrepancy in the melting point of the 
lower-melting alcohol between André’s observation and our own is due to the production 
of both forms during his treatment with silver acetate. 

We have also observed, in our experiments, that it is necessary to employ excess of 
alkali in the permanganate oxidations in order satisfactorily to obtain the dihydroxy- 
alcohols, and that the yield of the lower-melting alcohol from elaidyl hydrogen phthalate 
is by no means quantitative. These features are exactly parallel with the corresponding 
respective behaviour of oleic and elaidic acids (Lapworth and Mottram, loc. cit. ; Saytzew, 
J. pr. Chem., 1883, 33, 315), and André’s results on the alcohols (in which the use of silver 
acetate was involved) suggest a similar parallel with those of Albitski (Joc. cit.) in the case 
of oleic and elaidic acids. We are, of course, aware that many other workers (especialiy 
Béeseken and colleagues) have drawn attention to similar differences in the action of 
hydrogen peroxide and of potassium permanganate upon other types of unsaturated 
compounds, and we merely wish here to note that the oxidation of the cis- and trans- 
octadecenyl alcohols under the respective conditions described is in all respects similar 
to that discussed by Lea and one of us in the case of oleic and elaidic acids (J., 1928, 1576). 


EXPERIMENTAL. 


Oleyl and elaidyl alcohols were prepared by reduction of pure methyl oleate and methyl 
elaidate by Na and dry EtOH. Oleyl alcohol, iod. val. 93-8; elaidyl alcohol, m. p. 34°, iod. val. 
93-8 (m. p. 35—35-5°, Toyama, Chem. Umschau, 1924, 31, 13; iod. val., calc., 94-8). 

Oleyl alcohol (iod. val. 95-4), isolated from sperm oil alcohols by fractional distillation, and 
elaidyl alcohol (m. p. 28—29°, iod. val. 84-4), prepared from the latter by a method to be 
described elsewhere, were also used. ‘The oleyl alcohol from sperm oil still retained a small 
proportion of saturated (cetyl and octadecyl) alcohols, and the elaidyl alcohol similarly con- 
tained about 10% of saturated alcohols; these were, however, readily separated from the 
dihydroxyoctadecyl alcohols produced by oxidation by means of their much greater solubility 
in light petroleum (b. p. 40—60°). 

Oxidations with Hydrogen Peroxide and Acetic Acid.—(i) Perhydrol (10 c.c.) was gradually 
added to a solution of oleyl alcohol (5-6 g., from methyl oleate reduction) in AcOH (50 c.c.) 
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at 95°; after remaining at 95° for 2 hr., the solution was poured into excess of aq. NH;. The 
product was extracted with Et,O, boiled with alc. KOH to hydrolyse any acetylated hydroxyl 
groups (cf. Hilditch and Lea, /oc. cit.), and crystallised from EtOAc; 9: 10-dihydroxyoctadecyl 
alcohol separated in small white leaflets, m. p. 82—82-5°, moderately sol. in EtOAc and less 
so in Et,O (Found: C, 71-7; H, 12-7. C,gH 3,0, requires C, 71-5; H, 12-6%). 

(ii) Oleyl alcohol (10 g., from sperm oil), treated as in (i), gave 7-5 g. of crude dihydroxy- 
octadecyl alcohol which, after crystn., melted at 81—82° (Found: C, 71-7; H, 12-5%). 

(iii) Oleyl acetate (3-1 g., ex sperm oil) was similarly oxidised with H,O, and AcOH, giving, 
after hydrolysis with alc. KOH, 2-8 g. of crude product (from which light petroleum removed 
0-2 g. of saturated sperm alcohols, m. p. 33—36°). The recryst. dihydroxyoctadecyl alcohol 
melted at 80-5—81-5° (Found: C, 71-6; H, 12-5%). 

(iv) Elaidyl alcohol (from methyl elaidate reduction), treated as in (i), gave the dihydroxy- 
octadecyl alcohol, m. p. 125—126° (Found: C, 71-0; H, 12-8%). 

(v) Elaidyl alcohol (5-2 g., ex sperm oil oleyl alcohol), treated as above, gave a crude product 
(4-0 g.), from which a small amount of waxy solid (0-35 g., m. p. 36—40°) was removed by 
light petroleum. Crystn. of the residue from EtOAc yielded dihydroxyoctadecyl alcohol, 
m. p. 123—124° (Found: C, 71-8; H, 12-6%). 

Oxidation of the Alkyl Hydrogen Phthalates with Aqueous Alkaline Permanganate.—(i) Oleyl 
alcohol (15-2 g., from sperm oil) and phthalic anhydride (33 g.) were dissolved in dry C;H,;N 
(150 g.) and left for 3 days (Weidemann, Biochem. J., 1932, 26, 264). After addition of H,O, 
acidification, extraction with Et,O, and washing with H,O, oleyl hydrogen phthalate (24 g.; 
theo., 23-5 g.) was obtained as an oil. 

Oleyl hydrogen phthalate (6-0 g.) was dissolved in H,O (3000 c.c.) with NaOH (6 g.) at 
0°, and KMnO, aq. (500 c.c. containing 14 g. KMnQ,) at 0° added. After 15 min. the solution 
was decolorised with NaHSO, and dil. H,SO,, and extracted with Et,O (cf. Lapworth and 
Mottram, J., 1925, 127, 1628). The crude product (5-6 g., m. p. 52—58° after crystn. from 
petrol-C,H,) was hydrolysed with alc. KOH; the resulting alcohol (3-0 g.) crystailised from 
EtOAc in small clusters of crystals, m. p. 126—127° (Found: C, 71-5; H, 12-7%), almost 
insol. in cold Et,O. 

(ii) Elaidyl alcohol (5-0 g., ex sperm oil oleyl alcohol), when esterified with phthalic anhydride 
as above, gave elaidyl hydrogen phthalate (8-1 g.; theo., 7-9 g.); this (3-0 g.) was oxidised with 
ice-cold dil. alk. KMnQ, as in the preceding case, and yielded 1-2 g. of crude alcohols (0-5 g. of 
which, m. p. 29—31°, was removed by light petroleum). After several crystns. from EtOAc, 
the final crop of crystals (0-2 g.) melted at 8I—82° (Found: C, 72-1; H, 12-8%). 


We thank Imperial Chemical Industries, Ltd., for a grant. 
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69. Derivatives of Methylene-blue. 
By H. D. K. Drew and F. S. H. HEap. 


ALTHOUGH methylene-blue may become #-quinonoid (see Kehrmann; MacNeal and 
Killian, 7. Amer. Chem. Soc., 1926, 48, 740) there seems to be no evidence that it is capable 
of assuming the o-quinonoid form. This form has two side-chain nitrogen atoms which 
might become quaternary, whereas the f-quinonoid form has only one. By treating the 
iodide of methylene-blue with methyl iodide in methyl alcohol, however, we failed to obtain 
any quinonoid methiodides of methylene-blue, the only methiodides produced being 
derivatives of the leuco-compound. Two crystalline quinonoid derivatives were obtained, 
which proved to be the mono- and the di-hydriodide of methylene-blue iodide: it is 
difficult to represent the latter otherwise than as o-quinonoid. 

When methylene-blue iodide was refluxed with a large excess of methyl alcohol and 
methyl iodide, methylene-blue iodide monohydriodide (I or II) separated in purple-black 
crystals and leucomethylene-blue dimethiodide (III) remained in the mother-liquor. The 
yield of (1) was about 90% when 15 volumes of methyl alcohol to one volume of methyl 
iodide were used, and fell to about 50% with half the proportion of methyl iodide; with 
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methyi alcohol and methyl iodide in the proportion 4:3 and prolonged refluxing, the 
product isolated was almost wholly the leuco-derivative. 


NH 


5% 
: 
HI,Me,N »e ‘NMe,I HI,Me,N NMe, IMe,N NMe,I 
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When ethyl alcohol and ethyl iodide were substituted for the methyl compounds, the 
volume of ethyl alcohol being ten times that of the ethyl iodide, (I) was again produced ; 
but when the proportion was 5 : 3, iodine was liberated and about 75% of the methylene- 
blue iodide was converted into leucomethylene-blue dihydriodide (IV). This substance is 
very soluble in water and easily oxidised to the dye, whereas (III) is only moderately 
soluble in water and is not oxidised unless methyl iodide is first split off. Leucomethylene- 
blue diethiodide was not isolated. 

It was clear that the methylating and ethylating mixtures were both acting as sources 
of hydrogen iodide, part of which reduced the methylene-blue iodide, the remainder being 
added to the dye. Alkylation of the alcohols to ethers is therefore probably the primary 
reaction in both cases. Further refluxing of (I) with ethyl alcohol and ethyl iodide gave 
rise to (IV). 

The structure of (III) was confirmed by preparing it by the direct methylation of leuco- 
methylene-blue with methyl iodide and methyl alcohol; that of (iV) by preparing it from 
methylene-blue iodide and ethyl-alcoholic hydrogen iodide; that of (I) by preparing it 
(1) by the addition of two atomic proportions of iodine to leucomethylene-blue dissolved in 
acetonitrile, and (2) by double decomposition in acetonitrile between methylene-blue 
iodide and its dihydriodide, a reaction which is reversed in methyl alcohol (see below) : 


CLUS + LCoS. 2 wk 


(CH,-CN) 
CygHygNgST + CagHigNgSI(HI)p —=—= 2Cyl, N,SU(HI) - 2) 


From (IV) the hydrogen iodide was readily removable (e.g., by means of pyridine) with the 
production of leucomethylene-blue. 

In all the preparations of methylene-blue iodide monohydriodide from methyl-alcoholic 
methyl iodide and methylene-blue iodide, more than sufficient hydrogen iodide was theoretic- 
ally available to convert the whole of the monohydriodide intoa dihydriodide. The fact that 
this did not occur, whereas the dihydriodide of the leuco-compound is readily formed, is an 
argument in favour of formula (I) as against (II). Nevertheless, under other conditions 
(see later) the monohydriodide is readily transformed into a dihydriodide. 

When the monohydriodide (I) was boiled with much methyl alcohol for some time, it 
gave approximately equimolecular proportions of methylene-blue iodide and methylene-blue 
iodide dihydriodide (V or VI). Repeated treatment with boiling water also transformed 
(I), though less smoothly, into the same two substances; so the reaction can be interpreted 
as a redistribution of hydrogen iodide (equation 2). 

The constitution of the dihydriodide was confirmed (1) by its direct preparation (yield 
75%) from hydrogen iodide and the monohydriodide in glacial acetic acid, and (2) by the 
addition of hydrogen iodide (1 or 2 mols.) to methylene-blue iodide in the same solvent, 
although, owing to reduction, the yield of dihydriodide was here only 50%. Further con- 
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firmation was supplied by the interaction, in acetonitrile solution, of methylene-blue 
iodide and the dihydriodide, which gave the monohydriodide in a yield of 70% (equation 
2); and also by removing the hydrogen iodide from the dihydriodide, by means of quinoline, 
with production of methylene-blue iodide and quinoline hydriodide in approximately 
quantitative yields. 

That no iodine is substituted in the aromatic nuclei is shown by the fact that phenyl- 
hydrazine reduces the iodide dihydriodide to leucomethylene-blue, with quantitative 


liberation of nitrogen : 
C,gH,,N,SI(HI), + 4C,H,-NH-NH, = C,H, + N, + 3C,H;-NH°*NH,(HI) + C,gHygN,S. 


These facts, together with the analytical data, establish the relationship between methy]l- 
ene-blue iodide and the two hydriodides, in spite of the rather unexpected properties of 
the latter substances. For comparison, we examined the derivatives of Bindschedler’s- 
green, in which the sulphur atom of methylene-blue is replaced by two hydrogen atoms, 
with marked diminution of the stability of the dye. Leuco-Bindschedler’s-green, 
NMe,°C,H,*NH-C,H,°’NMe,, is much more stable towards oxidising agents than is leuco- 
methylene-blue, but, like the latter, it reacts with two atomic proportions of iodine to give 
Bindschedler’s-green iodide monohydriodide, HI,NMe,°C,H,'N:CgH,-NMe,I, which was also 
prepared by the action of dilute methyl-alcoholic methyl iodide upon Bindschedler’s-green 
iodide; it forms blue-black prisms, insoluble in water. There is thus complete analogy 
with methylene-blue as regards the iodide monohydriodide. Attempts to prepare an 
iodide dihydriodide, however, failed, a result which may be accounted for either by adopting 
(VI) as the formula for methylene-blue iodide dihydriodide or by assuming that the presence 
of the sulphur atom enhances the basicity of the central nitrogen atom in (V). The latter 
argument, however, is scarcely valid, since even thiodiphenylamine forms only unstable 
salts. Formula (VI) necessitates a change of p- to o-quinonoid structure in passing from the 
mono- to the di-hydriodide; but a simple mechanism is available for this change, in the 
addition of iodine and hydrogen, as ions, to sulphur and nitrogen, respectively. If this 
conclusion be correct, it follows from the experimental results that methyl alcohol and 
glacial acetic acid allow the production of o-quinonoid forms, whereas acetonitrile and 
methyl-alcoholic methyl iodide favour the #-quinonoid. 

The possibility that the hydriodides of methylene-blue iodide may be (1) periodides 
or (2) salts of meriquinonoid type cannot be reconciled either with the analytical figures 
(particularly those for hydrogen) or with the various transformations already given. 

Both hydriodides are stable substances, the crystals of which, unlike those of most 
(if not all) true periodides, exert no pressure of iodine vapour; they yield no alkali iodate 
when decgmposed by hot aqueous caustic alkali; and free iodine cannot be obtained from 
them by any known means not involving oxidation. There seems no doubt, therefore, 
that they are hydriodides and not periodides. 

It is concluded that the present work tends to support the hypothesis that methylene- 
blue may give rise under different conditions to both p- and o-quinonoid derivatives. 


EXPERIMENTAL. 


Methylene-blue iodide was prepared by the addition of an excess of KI to aq. methylene- 
blue chloride (Bernthsen, Ber., 1883, 16, 1025), crystallised several times from H,O, and dried 
in vac. at 110° (Found: C, 45:8; H, 4-8. C,gH,,N;IS requires C, 46-7; H, 4:4%. 
C,,H,,N;IS,}H,O requires C, 45-7; H, 4:5%). Further crystn. failed to alter its composition 
(see also p. 253), even when the sample was dried only at laboratory temp. over P,O;; so the 
substance occurs normally as a hemihydrate. 

Methylene-blue thiocyanate was obtained from the chloride and KCNS in lustrous needles 
which occurred in two forms: (1) golden-brown (Found: C, 59-0, 59-0; H, 5-35, 5-35. 
C,,H,,N,S, requires C, 59-6; H, 5-25%); (2) beetle-green (Found: C, 58-95; H, 5-3%). The 
two forms separated from the same mother-liquor. 

Methylene-blue base was prepared from the chloride by the rapid action of aq. Ag,O at lab. 
temp. The deep-blue filtrate was repeatedly extracted with Et,O and then allowed to evaporate. 
A dark blue cake was obtained, very sol. in H,O or EtOH and moderately sol. in CHCl, (Found, 
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in samples dried over P,O,: C, 57-8, 56-9, 56-3; H, 6-4, 6-3, 6-0; N, 12-4. C gH ,gON;S,2H,O 
requires C, 57-0; H, 6-8; N, 12-4%). When further dried in vac. at 80°, the substance 
approximated in composition to the anhyd. base (Found: C, 62°8; H, 5:9. C,,.H,,ON,S 
requires C, 63-8; H, 6-3%). 

Leucomethylene-blue was prepared from methylene-blue iodide and phenylhydrazine in 
MeOH (cf. Landauer and Weil, Ber., 1910, 48, 198). It formed pale yellow needles from light 
petroleum and C,H, (Found: C, 67:2; H, 6-75. Calc.: C, 67-4; H, 67%). 

Leucomethylene-blue Dihydriodide (IV).—(1) Methylene-blue iodide (1 g.) was refluxed with 
EtOH (50 c.c.) and EtI (30 c.c.) for 18 hr.; the colour changed to brown, and yellow crystals 
(1 g.) separated (Found: C, 35-4, 35-5; H, 3-9, 3-4; N, 7-4, 7-45. C gH ,,N3I,S requires C, 
35-5; H, 3-9; N, 7°75%). 

(2) Powdered methylene-blue iodide (2 g.) was gradually added to alc. HI (10 c.c.) con- 
taining 0-25 g. HI perc.c. The dihydriodide was washed with alc. HI and then with EtOH, 
_ and dried over P,O, (Found : I, 46-9. C,,H,,N,I,S requires I, 46-9%). It can be crystallised 
from dil. ACOH containing HI or from CH,-CN and CHCl,; m. p. 247°. It is sparingly sol. 
in EtOH and insol. in C,H,, and its aq. solutions are oxidised at once by H,Og, FeCl,, dil. HNOsg, 
or I,, becoming deep blue. NaOH, NaHCO,, pyridine, or potassium metabisulphite transforms 
it into leucomethylene-blue. 

Leucomethylene-blue Dimethiodide (II11).—(1) Leucomethylene-blue (from 5 g. of methylene- 
blue chloride) was refluxed with MeOH (30 c.c.) and Mel (10 c.c.) for 3} hr.; the solid product 
was recrystallised from EtOH and from H,O (charcoal) and obtained as light yellow plates of 
the dihydrate, m. p. 229° (decomp.) (Found: C, 35-55, 35-7; H, 4-9, 4:8; N, 6-8; I, 42-6. 
C,gH,,;N;1,S,2H,O requires C, 35-7; H, 4:8; N, 6-9; I, 42-0%). On being dried at 105° in 
a stream of N, it became anhyd. (Found: C, 37-65; H, 4:85. C,,H,,N,I,S requires C, 37-95; 
H, 4.4%. Loss on drying: found, 6-3; calc., 6-0%). 

(2) A mixture of leucomethylene-blue (7 g.), Mel (6-3 c.c.), and MeOH (9 c.c.) became warm 
and set toa solid mass. After 2 days, the product was crystallised from H,O, the dimethiodide 
being obtained as light yellow plates. It was converted by Ac,O at 100° into its N-acetyl 
derivative (III, with NAc in place of NH), which crystallised from H,O as light yellow needles, 
m. p. 234° (decomp.) of the dihydrate (Found: C, 36-9; H, 4:8. C, 9H,,N;I,S,2H,O requires 
C, 37-1; H, 48%), and formed an orange picrate. Leucomethylene-blue dimethiodide is 
moderately easily sol. in H,O and in MeOH; it crystallises unchanged from aq. NaOH. The 
aq. solution is neutral and at once gives AgI with AgNO,, and a soluble base with Ag,O; FeCl, 
or H,O, liberates I. It forms a picrate (orange needles from MeOH). 

When the methylation of leucomethylene-blue was carried out in a sealed tube at 120° with 
Mel and MeOH (Bernthsen, Annalen, 1885, 230, 73), much decomp. took place, and the only 
cryst. product isolated was not N-methyl-leucomethylene-blue dimethiodide (Calc. : C, 39-1; 
H, 4-6; N, 7-2%) as claimed by Bernthsen, but a mixture (Found: C, 36-65; H, 4-9; N, 8-1%) 
probably consisting chiefly of leucomethylene-blue dimethiodide. 

(3) The mother-liquors from the prepn. of methylene-blue iodide monohydriodide (method 
1; p. 252) contained leucomethylene-blue dimethiodide, obtained as the dihydrate after crystn. 
from H,O and EtOH (Found : C, 35-45; H, 5-0%). Analyses of the crude light yellow material 
from the mother-liquors, however, showed that another closely similar substance was also 
present; this was not isolated in a pure state. 

(4) Methylene-blue iodide (0-5 g.) was refluxed for 90 hr. with MeOH (20 c.c.) and Mel 
(15 c.c.). ‘The brown cryst. mass (0-62 g.) was recrystallised from MeOH, giving chiefly leuco- 
methylene-blue dimethiodide. LLeucomethylene-blue dihydriodide was shown to be absent. 

Methylene-blue Iodide Monohydriodide (I or II).—(1) Methylene-blue iodide (60 g.) was 
refluxed for 33 hr. with MeOH (2400 c.c.) and Mel (100 c.c.); more Mel (50 c.c.) was then added, 
and the heating continued for 7 hr. Dark purple crystals (65 g.), free from methylene-blue 
iodide, were obtained (yield, 83%). 

The iodide monohydriodide formed dark purple needles from acetonitrile, in which it was 
moderately easily sol. It was almost insol. in cold H,O, and decomposed on boiling; it was 
insol. in Et,O or CgH,. It decomposed without melting if heated to 250°, but when plunged 
into a bath at 210° it melted and decomposed at 217°. Many samples were analysed, after 
being dried over P,O, or in vac. at 110°; some were recrystallised from CH,°CN (Found: C, 
35:5, 35-7, 35-7, 35-6, 35-9, 36-0; H, 3-4, 3-6, 3-65, 3-55, 3-45, 3-5; N, 7-5, 7-5, 8-0; I, 47-4, 
47-55. C,H, N3I,S requires C, 35-6; H, 3-5; N, 7:8; I, 47-1%). 

(2) Methylene-blue iodide (1 g.) was dissolved in boiling EtOH (100 c.c.), the solution filtered, 
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EtI (10 c.c.) added, and the mixture refluxed for 1} hr.; the iodide monohydriodide crystallised 
on cooling (Found: C, 35-75; H, 3-4; N, 7-45%). 

(3) Leucomethylene-blue (0-197 g.) was dissolved in warm CH,°CN (10 c.c.), and a solution 
of I (0-175 g.; 2 atoms) in CH,*CN added. Immediate pptn. of a dark product (0-298 g.; yield, 
about 80%) occurred, and this gave the pure iodide monohydriodide after one crystn. from 
CH,°CN. 

(4) A fourth method is described on p. 253. 

Methylene-blue Iodide Dihydriodide (V or V1).—(1) Methylene-blue iodide monohydriodide 
(35 g.) was boiled for 1 hr. with MeOH (1 1.), and the liquid cooled and decanted; these 
operations were repeated 14 times with fresh alcohol. The final extracts had only a 
very light blue colour. The remaining solid (16 g.) was a bronze cryst. powder, which was 
recrystallised from hot MeOH, in which it was only sparingly sol. It separated as magnificent 
copper-bronze needles or prisms, m. p. 200° (decomp.) (Found: C, 28-9, 29-1, 29-1, 29-1; 
H, 2-9, 3-05, 2-8, 2-9; N, 6-4. C,H. N3I,S requires C, 28-8; H, 3-0; N, 6-3; I, 57-1%). 
Evaporation of the methyl-alc. extracts in the above prepn. left methylene-blue iodide and a 
little of the iodide dihydriodide. When the iodide dihydriodide was crystallised from MeOH, 
it frequently separated in a second form consisting of black lustrous crystals, easily transformed 
into the bronze form by heating to 150° or by recrystn. (Found, in black form: C, 29-1; 
H, 2-9%). Methylene-blue iodide dihydriodide was almost insol. in H,O; but it was fairly 
readily sol. in hot CH,-CN to a deep blue solution, from which it separated in golden-bronze or 
purple-red, long, thin needles containing }CH,-CN (Found: C, 29-8; H, 3-0; N, 6-85. 
CygHopN3155,}CHy°CN requires C, 29-7; H, 3-1; N, 7:1%). On being heated at 110° over 
NaOH, it lost 2-5% in wt. (calc. for }CH;°CN, 3-0) and left the solvent-free iodide dihydriodide 
(Found : C, 29-1; H, 2-8; N, 64%). When recryst. from CH,°CN containing AcOH, the sub- 
stance again separated with solvent (Found : C, 30-0; H, 3-15%) as purple needles with golden 
reflex; the crystals became green when the solvent was removed by heating. 

(2) When methylene-blue iodide monohydriodide (2-18 g.) was extracted with boiling H,O 
(5 x 100 c.c.), there remained a dull-green powder (1-24 g.) of the crude iodide dihydriodide; 
the aq. extracts, filtered, and concentrated, gave methylene-blue iodide (0-77 g.), so the yields of 
the two products were over 90%. The iodide dihydriodide prepared by this method was 
difficult to purify; it crystallised from CH,°CN in flat, black, lustrous needles, m. p. 190° 
(decomp.), which became purple when dried over P,O,; (Found: C, 29-8, 29-95; H, 2-9, 2-9%); 
and when further dried in vac. at 110° (loss, 2-5, 2-9%) became green (Found: C, 29-5, 29-4; 
H, 2-9, 2.9%). Careful purification, by means of hot MeOH and then H,O, separated the dull- 
green powder (0-543 g.) into the characteristic bronze crystals (0-46 g.) and methylene-blue 
iodide (0-048 g.), together with traces of a whitish substance. 

(3) The direct addition of HI to methylene-blue iodide in AcOH gave rise to the iodide 
dihydriodide, whether 1 or 2 mols. of HI were employed : 

(a) Methylene-blue iodide (0-5 g.) in hot AcOH (500 c.c.) was treated with 0-156 g. (1 mol.) 
of HI in AcOH. Blackish crystals (0-369 g., m. p. 191°) were pptd.; when cryst. from CH,°CN 
and then from CH,-OH, this material gave the bronzed form of the iodide dihydriodide. The 
material cryst. from CH,°CN lost 3-4% of its wt. on drying at 110° (Found in dried material: 
C, 29-2; H, 28%). The AcOH mother-liquor was deep blue. 

(b) When 2 mols. HI were used in the above prepn., the Lys (0-457 g.) was again the 
iodide dihydriodide [Found in dried material (loss, 2‘7%): C, 29-2; H, 2°75%]; the AcOH 
mother-liquor was then only light green and contained a Nhs -compound. 

It is evident from these expts. that 1 mol. HI ppts. half the methylene-blue iodide as its 
dihydriodide (yield, 90%), leaving the remainder unchanged; whereas 2 mols. HI give the.same 
substance but at the same time occasion reduction of a portion of the methylene-blue iodide. 

(4) Although in (3) the formation of methylene-blue iodide monohydriodide was not detected, 
yet the addition of HI (1 mol.) to that substance in AcOH gave rise to the iodide dihydriodide. 

The monohydriodide (0-25 g.) was heated with AcOH (300 c.c.), and HI (1 mol.; 0-119 g)) 
in AcOH added. ‘The crude iodide dihydriodide (0-237 g., or 77%) crystallised on cooling; it 
separated from CH,°CN in purple-black needles which on being dried at 110° in vac. lost 3-05% 
in wt. and became green (Found: C, 29-1; H, 2°85%). 

The iodide dihydriodide would not take up a further mol. of HI in AcOH; the dihydriodide 
‘was recovered unchanged after crystn. of the product from CH,°CN and drying at 110° (Found: 
C, 29-1; H, 3-05%). 

The iodide dihydriodide was converted into methylene-blue iodide, (a) by grinding with 4 
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solution of K,S,O, and extracting the residual solid with hot H,O; (b) by refluxing it for several 
days with 100 parts of H,O and repeating the process on the residue until all became sol. ; a yield 
- of 80% of methylene-blue iodide was thus obtained ; HI was shown to be present in the filtrates. 

Interaction of Methylene-blue Iodide and its Dihydriodide.—Equimolecular proportions of 
these two substances (0-100 g. and 0-162 g. respectively) were dissolved in CH,°CN (45 c.c.), and 
the mixture refluxed for 1 hr. The liquid was filtered, and the filtrate concentrated to half 
bulk: dark purple-black crystals of methylene-blue iodide monohydriodide (0-187 g.) separated 
(Found : C, 35-95; H, 3-4%). 

Interaction of Methylene-blue Iodide Dihydriodide with Quinoline.—The iodide dihydriodide 
(0-530 g.) was heated on the water-bath with quinoline (20 c.c.) for 14 hrs. Complete solution 
occurred and then crystals of methylene-blue iodide (0-314 g.; 83%) separated from the hot 
solution in combination with 4 mol. quinoline (Found: C, 50-9; H, 4:8. Calc.: C, 51-7; H, 
45%). The methylene-blue iodide was recrystallised once from H,O and obtained pure 
(+$H,O) (Found: C, 45-9; H, 4:95. Calc.: C, 45-7; H, 45%). The quinoline solution, 
which was blue, was repeatedly extracted with H,O (800 c.c.) until no more halogen was present 
in the extracts. Colorimetric comparison showed that the aq. extract contained not more than 
0-004 g. of methylene-blue iodide; whilst estimation with HNO, and AgNO, gave 0-302 g. Agl, 
corresponding to 31% HI present in the iodide dihydriodide (calc., 38-4% HI). 

In another expt., the quinoline hydriodide (Found : I, 49-2%. Calc.: 49-4%) was isolated 
and compared with an authentic specimen made from quinoline and HI. Both samples formed 
lemon-yellow prisms from EtOH; m. p. 145—146° (Trowbridge, J. Amer. Chem. Soc., 1899, 
21, 66, gives m. p. 135°); the hydriodide is very sol. in H,O (solution neutral to Congo-red ; 
acid to litmus), sparingly sol. in C,H.,, and almost insol. in Et,O. 

It was shown in a separate expt. that methylene-blue iodide liberates only minute traces of 
halogen when treated with quinoline and H,O as above. 

Estimations with Titanous Chloride——Although methylene-blue iodide and Bindschedler’s- 
green iodide monohydriodide gave reproducible and satisfactorily accurate estimations of the H 
(2 atoms per mol.) required for their reduction to the leuco-compounds, when their alc. solutions 
were titrated with TiCl,(N/20 or N/60) under the usual conditions, yet both hydriodides of 
methylene-blue iodide were found, probably on account of their low solubility, to be unsuitable 
for this method of analysis. As the average of a number of expts., about 2-4 atoms of H appeared 
to be absorbed during the reduction of 1 mol. of either of the latter substances, but the results 
were not accurately reproducible owing to extraneous oxidation of the TiCl, during the some- 
what prolonged periods necessary for the interactions. 

Bindschedler’s-green was obtained by the oxidation of dimethylaniline and p-amino- 
dimethylaniline (Wieland, Ber., 1915, 48, 1078) and was purified as the zincichloride. Bind- 
schedler’s-green iodide was prepared from this, by means of KI (Nietzki, Ber., 1883, 16, 464), 
in thin green needles. 

Leuco-Bindschedler’s-green was prepared from the zincichloride by means of sodium hydro- 
sulphite (Wieland, Joc. cit.) ; colourless plates, m. p. 121°, from light petroleum or aq. EtOH. 

Bindschedler’s-green Iodide Monohydriodide—(1) A _ solution of the leuco-compound 
(0-541 g.) in CH,°-OH (15 c.c.) was treated with I (0-541 g.; 1 mol.) in CH,-OH (10c.c.). Small 
dark needles (1-025 g.) separated, forming blue-black prisms, m. p. 152—153° (decomp.), from 
EtOH (Found: I, 50-4. C,,H,,N,I, requires I, 49-9%). 

(2) Bindschedler’s-green iodide (0-5 g.) was refluxed with MeOH (10 c.c.) and Mel (1 c.c.) 
for 1 hr.; on cooling, the iodide monohydriodide (0-3 g.) crystallised. 


The authors thank the Chemical Society for a grant. 
East Lonpon COoLLecE, E. 1. [Received, November 30th, 1932.] 





70. An Improved Qualitative Separation of the Iron Group in the 
Presence of Phosphate. 
By T. B. SMITH. 


THE older forms of the phosphate separation table are defective in that several units °%/ 
of certain metals are liable to escape detection: even when the losses are only partial, 
they are so large and variable as to give a distorted indication of the relative proportions 
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of the metals present. By the application of the following principles a method has now 
been devised which gives an approximate indication of quantities and permits, even in the 
more difficult cases, the detection of 0-5% of a metal in 1 g. of mixed phosphates: (i) as 
far as possible, separations are effected in acid solution, thus avoiding the necessity for 
removing the phosphate radical; (ii) precipitates which tend to be colloidal are formed 
from solutions more acid than usual, thus minimising adsorption errors; (iii) crystalline 
precipitates are formed from solutions of relatively low acidity, thus minimising solubility 
losses; (iv) the metals most liable to be lost by adsorption are precipitated at an early 
stage. 

Examination of Older Methods.—The improved tin method of removing phosphate, 
in which the separation is effected in a highly acid solution (Gattermann and Schindhelm, 
Ber., 1916, 49, 2416), has much to recommend it. The adsorption losses are, nevertheless, 
considerable, and the need of an extra passage of hydrogen sulphide to remove the excess 
of tin is a practical disadvantage. The lead method of Balarew (Z. anorg. Chem., 1922, 
121, 254) and the bismuth method of Keschan (Z. anal. Chem., 1925, 65, 346) were not 
examined in great detail because they did not offer prospects of further improvement. 

The large losses of the acetate method are not due wholly to adsorption, as is generally 
supposed, but in part to the use of a buffer of #, 4—5, a value far too high to ensure that 
the desired metals remain in solution when the mixture is boiled. The phosphates of 
iron, aluminium, and chromium can be precipitated almost quantitatively at pq values 
of 1-5, 2-5, and 3 respectively, but for the method in question a higher value has to be used 
to enable excess of iron to be eliminated as basic acetate. The barium carbonate method 
involves a still higher fq value (ca. 5-8) but is not on this account worse than the acetate 
process, since the metals of the iron group are filtered off in the cold. The method is, 
however, inconvenient for qualitative analysis. 

Some existing forms of the acetate separation (e.g., Noyes, “‘ Qualitative Chemical 
Analysis,” 1922, 9th Edn.), by a preliminary boiling of the precipitate with sodium 
peroxide and sodium carbonate, avoid the necessity of precipitating all the phosphate. 
It is well known that the extraction of zinc may be far from quantitative. On analysing 
a test mixture containing the eleven metals of the phosphate group, it was found that a 
single extraction removed only about 50% of the aluminium, and a second extraction a 
further 25%. With chromium, one extraction removed only 25%, and a second extraction 
a further 25%. Although this procedure is inefficient for the metals in question, it has 
the great advantage of eliminating most of the phosphate radical. Nevertheless, the 
removal of the remainder by the basic acetate method leads to an appreciable loss of the 
barium-group metals. As a preliminary to the new method, an extraction with sodium 
peroxide might be useful if the substance to be examined consisted almost wholly of 
aluminium or chromium phosphate. 

Remy (Z. anal. Chem., 1919, 58, 385) has described a process which utilises phosphate 
as a group reagent and avoids the necessity of eliminating excess of this radical. His 
use of concentrated aqueous ammonia to prevent the precipitation by phosphate of certain 
metals is excellent for nickel and reasonably good for cobalt, but leads to difficulty in the 
detection of 0-5°% of zinc. The attempt to precipitate sulphates of barium and strontium 
from a phosphate solution before the removal of iron, etc., involves such a high acidity 
that the solubility of strontium sulphate is appreciable. It was at first hoped to incor- 
porate in the new separation Remy’s method for separating magnesium and manganese 
by precipitating the latter as manganese ammonium phosphate in the presence of an 
acetate buffer. As this precipitation is not sufficiently quantitative, an attempt was made 
to improve the method by standardising the concentrations of ammonia and phosphate 
and by using a phosphate buffer to enable higher pg values to be employed. It was found 
that at #_ 6-8 manganese is almost quantitatively precipitated, and magnesium if present 
alone is left mainly in solution, but if both are present there is a considerable loss of the 
latter. The modified method could not be relied upon to detect less than 3% of magnesium 
and was therefore abandoned, 
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EXPERIMENTAL. 


Outline of the New Method.—After the removal of Group II, an excess of (NH,),HPO, is 
added in addition to NH,Cl aq. and NH, aq., in order that all the common bases except Na, 
K, and NH, shall be pptd. in the phosphate group. After a portion of the ppt. has been tested 
for Mn with NaBiO,, the main portion is dissolved and the phosphates of Fe, Al, and Cr are 
pptd. by a formate buffer of py 3. Without filtration, BaSO, and SrSO, are pptd. by (NH,),SO,. 
This procedure avoids both the adsorption losses, which would occur if the phosphate ppt. 
were first filtered off, and the high solubility loss that would result if SrSO, were removed from 
a highly acid solution before pptn. of the phosphates. Zn is pptd. as ZnS from the filtrate 
under conditions which approximate to those recommended for its quant. separation by Fales 
and Ware (J. Amer. Chem. Soc., 1919, 41, 487). After concn. of the filtrate, Ca is pptd. as 
CaC,O,. In separate portions of the remaining solution, Co is tested for by «-nitroso-8-naphthol, 
Ni by dimethylglyoxime, and Mg by Titan-yellow. Interference with the latter test by Co, 
Ni, and traces of Mn can be prevented by adding KCN. If Mn is present in quantity, a pre- 
liminary separation of the Mg with KCN and NaOH is desirable. 

The following table shows the quant. results (as yields %) obtained for those metals most 
liable to be lost during the phosphate separation; it relates to 1-1 g. portions of a mixture of 
equal weights of the phosphates of Fe, Al, Cr, Ni, Co, Mn, Zn, Ba, Sr, Ca, and Mg. In carrying 
out the analyses no attempt was made to avoid usual losses incidental to qual. work such as 
those due to incomplete washing of ppts., evaporation in open vessels, and the removal of 
small portions for subsidiary tests. The basic acetate method used for comparative purposes 
was of an improved type, in which all the phosphate radical is removed by FeCl, at pg 5. 
Adsorption losses were minimised by precipitating the phosphate from 150 c.c. of liquid, the 
filtrate being concentrated to 20 c.c. for the subsequent analysis. 


Ba. Sr. Ca. Zn. Mg. 
Basic acetate method 3 14 40 20 38 
New method 80 87 77 84 
The yields obtained show, not only the marked improvement effected by the new method, 
but also that it gives trustworthy indications as to relative quantities. The analysis for the 
11 metals specified can normally be carried out in less than 3 hr. The min. sensitivity limit of 
5 mg. of a metal in 1 g. of mixture compares favourably with many of the qual. separations 
commonly used when phosphate is absent. For instance, Curtman and Frankel (J. Amer. 
Chem. Soc., 1911, 38, 724; 1912, 34, 1493), in attempting to improve the detection of Ba, 
showed that 25—50 mg. of this metal may escape detection in the usual separation process. 
Tests of the new separation, made in this laboratory by persons previously unacquainted with 
the method, have shown that much greater certainty can be obtained in the analysis of sub- 
stances containing 6—11 metals in the phosphate group than was formerly the case with 
mixtures of 3 or 4 phosphates. 


Separation of the Iron Group in Presence of Phosphate. 


Dissolve small portion of ppt. in HNO, and test for Mn with NaBiO, (S 1).* 
Dissolve remainder in dil. HCI, dil. to 60—70 c.c., add NH,OH till pu is approx. 3, and add 10—20 c.c. of formate buffer of px 3; boil, 
and slowly add i0 c.c. 8N-(NH,),SO,. Filter (S 2). 





Ppt. Add H,O, Na,SO,, and Na,O,; boil, Filtrate. Heat; pass H,S; filter (S 7). 


cool, and filter (S 3). —, 
Ppt. Filtrate. Concentrate; add (NH,),C,0, and let stand; filter (S 8). 
Filtrate. Residue. Boil with dil. H,SO, Zs. - oilies ~ 
Exam- and filter (S 5). Ppt. Ignite; dissolve Filtrate. Test separate portions for : 
ine for - 2 —, residue in 2N-HOAc, (1) Co with a-nitroso-f-naphthol (S 10). 
Al and Filtrate. Residue. Boilwith add equal bulk of (2) Ni with dimethylglyoxime (S 11). 
Cr (S 4). Exam- conc. Na,CO, 0-25N-NaF, and (3) Mg. (i) In absence of Mn in quantity. Add 
ine for soln. Wash re- boil. Turbidity or Titan-yellow; if Co, Ni, or trace Mn is present, 
Fe. maining __resi- ppt. = presence of add KCN and acidify with HCl; make alk. with 
due, and ex- Ca (S 9). NaOH. Red ppt. = presence of Mg. 
amine it for Ba (ii) If Mn is present in quantity, Mg must be 
and §r (S 6). separated by KCN + NaOH before carrying 
out the Titan-yellow test (S 12). 

















* S 1 = Stage 1, etc. 


Procedure. 

The following procedure is based on the assumption that the first two groups have been 
removed from 1 g. of mixture, that H,S has been boiled off, Fe™ oxidised to Fe’, and that the 
main phosphate group has been pptd. by NH,Cl, slight excess of NH,OH, and (NH,),HPO,. 

Stage 1—To a cold solution of 1/10—1/20 of the group ppt. in 4N-HNO,, add about 1 g. 
of NaBiO,; a purple colour indicates presence of Mn. 
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Note 1. The colours of Ni and Co do not appreciably interfere, but the detection of traces 
of Mn could be facilitated by observation of absorption spectrum. 

Note 2. Cr in moderate amount does not interfere. In its presence the bismuthate test is 
preferable to the use of the otherwise permissible PbO, + conc. HNO, test, because the CrO,” 
formed in the latter interferes to a greater extent than Cr°*. If the original substance consists 
largely of CrPO,, the sensitivity of the NaBiO, test is reduced to about 20 mg. per g. of original 
substance and it would then be desirable to test for Mn in the filtrate from Stage 2. Since this 
solution contains reducing agents, the test portion must be pptd. with NH,OH, and the ppt. 
used for the Mn test. 

Stage 2.—Dissolve the group ppt. in HCl, dilute the solution to 60—70 c.c., and adjust the 
Py value to approx. 3 by one of the following methods: (i) Add NH,OH till a slight turbidity 
forms; add 20 c.c. of formate buffer [57 g. H°CO,Na and 85 c.c. 23-5N-H*CO,H (d 1-200) 
per 1.]: this should give a py within the permissible limits of 2-7—3-2. (ii) Alternatively, if 
an indicator is available the alk. colour of which would not interfere with the Titan-yellow test 
for Mg, it may be added to the main solution as a guide to the addition of NH,OH. Benzyl- 
anilineazobenzenesulphonic acid is suitable if used sparingly, py3 being indicated by an orange- 
yellow. Method (ii) has the advantage that 10 c.c. of formate buffer suffice, thus minimising 
the danger of loss through spurting when the solution is concentrated (Stage 8). After addition 
of the buffer, boil the solution, add 10 c.c. of 8N-(NH,),SO,, and filter; the (NH,),SO, should 
be added slowly to ensure that BaSO, comes down in an easily filterable form. 

Stage 3.—Suspend the ppt. in cold H,O containing Na,SO, (1—2 g.) to reduce the solubility 
of SrSO,. Slowly add 1—3 g. of Na,O,, and boil till excess of the latter has been decomposed 
Cool somewhat and filter. 

Stage 4.-Examine separate portions of the filtrate for Al and Cr by any convenient method 
Since the solution is liable to contain much PO,’”, oxidation to perchromic acid by H,O, in 
acid solution is preferable to the Pb(OAc), test for Cr. 

Stage 5.—Boil the residue with sufficient dil. H,SO, to dissolve Fe(OH),;. Owing to the 
relatively high solubility of SrSO,, a large vol. should be avoided. Filter the solution and test 
the filtrate for Fe. 

Stage 6.—Boil the residue for 3—4 min. with 10—12 g. of anhyd. Na,CO, in about 50 c.c. 
of H,0O, filter off the ppt., and reject the filtrate. This converts the greater part of the alkaline- 
earth sulphates into carbonates, which are washed, dissolved in a suitable acid, and examined 
by any of the usual methods for Ba and Sr. Unless Ca,(PO,), is present in the original sub- 
stance to a greater extent than 0-4 g. (= 0-15 g. Ca), very little will be present at this stage. 
Since a tolerably correct judgment as to the proportion of Ca may be based on Stage 9, examin- 
ation for Ca is not essential here, but the tests employed for Ba and Sr must be such as would 
not be interfered with by Ca. 

Note. If a considerable quantity of residue insol. in acid remains, it may be taken as indic- 
ating that Ba is present in amount exceeding 10—20% in the original substance. 

Stage 7—Heat the solution to its b. p. and pass H,S for several min., the solution being 
allowed to cool. Filter off any ZnS; if this ppt. is white and present in quantity, Zn scarcely 
needs further confirmation. 

Note. If the Zn ppt. is dark, it is unnecessary to examine it for Ni and Co since practically 
all of these will remain in solution, but the usual separation for isolating Zn would be essential. 
To avoid this, it is advisable before passage of H,S to reduce the pg to 2-7 +- 0-2 by adding 
dil. H-CO,H if necessary. , 

Stage 8.—Evaporate the filtrate to 15—20 c.c., add 15 c.c. of 0-5N-(NH,),C,O,, and filter 
the solution after standing (see Note 3). 

Note 1. The pg is not critical, but the rise due to loss of H-CO,H on concn. is advantageous. 

Note 2. On account of the (NH,),SO, present, concn. of a solution satd. with CaSO, will 
ppt. only 1/5 of it. Examination of such a ppt. is not therefore necessary. The microscopic 
appearance (clusters of small needles) is, however, very characteristic. 

Note 3. 5 Mins.’ standing is sufficient if by that time a considerable ppt. has formed. Before 
it is concluded that Ca is absent, the solution should be kept for at least 20 min., by which time 
1% of Ca in the original substance would cause a ppt. If traces are to be sought, it is advisable to 
prolong the standing to 1—2 hr., especially if at the end of 20 min. a faint turbidity is observable. 

Stage 9.—Ash the filter-paper containing the CaC,O, ppt. over a full Bunsen flame and heat 
the residue for a few min. longer, thus converting it into CaO or CaCO;. Boil this with 2—5 c.c. 
of 2N-HOAc, filter off any insol. residue, add an equal bulk of 0-25N-NaF, and boil. A 
turbidity or ppt. of CaF, indicates presence of Ca. 
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Note 1. If the original substance contains a large proportion of Co or very large proportions 
of Ni, Mn, or Mg, their oxalates may be partially pptd. with the CaC,O,. The fluoride test under 
the conditions specified is not interfered with by these metals. Although this test for Ca is 
reasonably sensitive, the amount of ppt. is apt to be under-estimated, since owing to its col- 
loidal character it is relatively transparent and does not flocculate rapidly. Long standing is 
not permissible, since the acid solution will slowly attack glass. 

Note 2. Ca can if desired be confirmed spectroscopically in the oxalate ppt. Care must be 
taken in interpreting a simple flame-test since a minute amount of Sr may be present, and this 
with the ever-present trace of Na may give a flame likely to be mistaken for that due to Ca. 

Stage 10.—To a definite fraction (say 1/5) of filtrate from Stage 8, add excess of «-nitroso- 
6-naphthol (0-1% aq. solution of Na salt), and boil; a reddish-brown ppt. after a few mins.’ 
standing indicates presence of Co. 

Note. Other metals liable to be present should not normally interfere with this test, but if 
for any reason the ppt. is unduly dark, the test should be repeated after addition of a few c.c. 
of 2N-H-CO,H. In presence of much of this acid the test is still reasonably sensitive, but a 
trace of Co may require 5—10 mins.’ standing before a ppt. forms; subsequent boiling facilitates 
pptn. 

Stage 11.—Test another portion of filtrate from Stage 8 for Ni with a 1% alc. solution of 
dimethylglyoxime. Pptn. may be hastened by making alk. with NH, and warming. Since 
this treatment is liable to ppt. heavy-metal phosphates, the solution should finally be acidified 
with HOAc, whereupon only the Ni ppt. will remain undissolved. 

Note. If Co is present in quantity, only a small portion of solution should be tested, and a 
relatively large volume of reagent employed. If traces of Ni are to be sought in the presence 
of a large quantity of Co, special precautions must be taken (see e.g., Treadwell and Hall, 
“ Analytical Chemistry,” Vol. 1, p. 186, 6th edn.). If the method for separating Ni from Co 
by pptn. with NaOBr after treatment with KCN is preferred, it should be remembered that Mn 
and Mg may also be pptd. 

Stage 12.—(a) In the absence of Co, Ni, and Mn. To 1/10th of the filtrate from Stage 8, 
add 1 c.c. of 0-02% aq. solution of Titan-yellow and 5 c.c. of 1ON-NaOH; a red coloration or 
ppt. indicates presence of Mg. 

(b) In the presence of Co, Ni, or trace of Mn. Proceed as in (a), but before adding the alkali 
dissolve about 1 g. of KCN in the cold solution (add a few c.c. of H,O if necessary) and add 2 c.c. 
of conc. HCl. 

(c) In the presence of Mn in quantity. Adda mixture of 1/10th of the filtrate from Stage 8 
with 1 c.c. of Titan-yellow to a cold solution of 2—3 g. of KCN in 10 c.c. of H,O. Add 5c.c. 
of 10N-NaOH and set aside for 3 min. (A trace of Mn may not be indicated at this stage.) 
Filter the liquid through coarse filter-paper and wash the ppt. with a little H,O. Pour 10 c.c. 
of 2N-HCI severai times through the filter, dissolve 1 g. of KCN in the resulting solution, and 
add 1 c.c. of Titan-yellow and 5 c.c. of 1ON-NaOH. On prolonged standing, such a solution 
may give a slight brown ppt. due to Mn, but if Mg is present to the extent of 0°-5% or more 
in the original substance, a red colour or ppt. will be evident in the course of a few min. 

Nolte 1. On filtering an alk. solution of Titan-yellow in Stage 12 (c), adsorption by the filter- 
paper will give rise to a red colour. In the absence of Mg and cellulose fibres, Titan-yellow 
shows a yellow-orange colour in solutions of py >12. 

Note 2. As originally described by Kolthoff (Chem. Weekblad, 1927, 24, 254; Mikrochem., 
Emich Festschrift, 1930, 180; see also “‘ B.D.H. Reagents for Spot Tests,” 1932) for salts which 
could only yield Mg(OH), on treatment with NaOH, the Titan-yellow test will give a red color- 
ation with a solution containing 2 parts of Mg per 100,000. The sensitivity is considerably 
reduced by Stage 12 (c) and to a less extent by 12 (b). In any case, however, Mg must not be 
returned as present in quantity unless a large gelatinous ppt. is obtained. If in Stage 12 (c)a 
green gelatinous ppt. is obtained, it indicates that the proportion of KCN employed was too 
small. A finely divided pink ppt. which does not flocculate in a few min. implies some departure 
from the recommended conditions. 

Note 3. The usual methods of testing for Mg in the presence of Mn by means of 8-hydroxy- 
quinoline are less satisfactory than the recommended procedure, but a method involving the 
use of this reagent is being developed which, though less convenient than the cyanide method, 
is more suitable when it is necessary to examine for very small traces of Mg. 


THE UNIVERSITY, SHEFFIELD. (Received, January 31st, 1933.] 
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71. The Kinetics of Reactions in Solution. The Interaction of Potassiwm 
Hydroxide and the Alkyl Halides in Ethyl Alcohol. 


By G. H. Grant and C. N. HINSHELWooD. 


SOME reactions in solution take place at a rate given approximately by the expression 
number of collisions between reacting species X e*'®™, Others are many powers of ten 
slower (Christiansen, Z. physikal. Chem., 1924, 113, 35). The difference in mechanism 
between the two classes is not fully understood. The slowness of the second class is not 
due to solvent deactivation, as was originally supposed, but depends in some way on the 
nature of the reacting molecules themselves (Moelwyn-Hughes and Hinshelwood, J., 1932, 
230). More information about the molecular statistics of bimolecular reactions in solution 
is thus needed. In particular, very careful determinations of the temperature coefficients 
are necessary so that the heats of activation can be found with greater accuracy than 
some of the older measurements allow. 

In examining a list of reactions (cf. Moelwyn-Hughes, Chem. Reviews, 1932, 10, 241) 
which take place roughly at the rate given by the simple equation, we were impressed by 
the fact that in almost all of them one of the reacting species was an ion. On the other 
hand, reactions such as the combination of tertiary amines and alkyl halides, or the inter- 
action of acetic anhydride and alcohol, which belong to the “ slow” group, are changes 
which appear prima facie to involve neutral molecules. The hydrolysis of esters by 
hydroxyl seems to be “ slow”’ also, but looks as though it may be exceptional. The 
available examples are not really varied enough to justify any conclusion, but suggest 
that still further types of reaction should be investigated in order that the range of validity 
of the following hypothesis may be discovered: that reactions between an organic com- 
pound and an ion in solution tend to take place at approximately the rate given by the 
simple kinetic equation, while interactions of neutral molecules are frequently several 
powers of ten slower under comparable conditions. 

The present paper deals with the simplest type of reaction between an organic com- 
pound and an ion, viz., the interaction of potassium hydroxide and the ethyl halides in 
alcoholic solution. This, as shown by the results below, appears to belong to the class in 
which the collisions are “ efficient.” 

The conventional equation gives ethylene as the product of the reactions, but Brussoff 
(Z. physikal. Chem., 1900, 34, 129) found, and we have confirmed, that a relatively small 
proportion is formed, most of the halide in dilute solution being presumably converted 
into alcohol. Formation of ether is only likely when there is a considerable concentration 
of ethoxyl ions, and that these do not play an important part in the reaction is suggested 
by the fact that the influence of water additions is small. As the proposed experimental 
method was to measure the rate of disappearance of hydroxyl ion, the question had to be 
considered whether the different products were formed in independent reactions, each 
with its individual heat of activation. The kinetic relationships would then be complex. 
But it is quite possible that the measured rate is determined by a single primary 
reaction between hydroxyl and the halide, and that the proportions of alcohol and ethylene 
depend upon processes subsequent to the initial act; ¢.g., activated alcohol molecules may 
be formed, a certain proportion of which decompose into ethylene and water. Whether 
this simple view of the process was admissible could only be judged by the results. If 
the hydroxyl disappears in a complex reaction, the velocity constants for various temper- 
atures would hardly be expected to conform to a simple Arrhenius equation, giving a 
constant heat of activation. If, by some compensation of errors, such a constant value 
were to be found, its introduction into any theoretical equation for the absolute rate of 
reaction would give completely wrong results, and the error should be very different for 
the three halides. The fact that for all three the Arrhenius equation is accurately satis- 
fied, and, moreover, that the same relation between the heat of activation and the absolute 
rate of each is found, shows that the simple hypothesis gives a coherent interpretation of 


the results, 
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The exptl. method was simply to prepare solutions of KOH and of the carefully redistilled 
halides in EtOH, mix suitable quantities in a tube, which was then sealed and placed in a 
thermostat, and after a known time to titrate the residual alkali with acid and phenolphthalein. 
A standardised procedure was adopted in diluting the alc. solutions for titration, indicator 
errors being thereby avoided. For the time taken by the tubes to attain the temp. of the 
thermostat no correction was necessary except at the highest temps., where an empirically 
determined allowance was made. 

The most detailed investigation was made with EtBr, the results for which are typical of 
all three halides. 

Table I shows the influence of solvent purity on the rate of reaction with 0-05N-reactants ; 
A, B, and C refer to various specimens of the purified substances. 


TABLE I. 
k x 10% k x 108 
Alcohol. C,H;Br. KOH. at 59°75°. Alcohol. C,H,Br. KOH. at 59°75°. 
Crude A A 2°73 Specially pure for 
own B A 3°16 


Lime-distilled ... B A 3°21 conductivity 
B Cc 3°31 - a B B 2°96 


Containing 10°, . pe B B 2-99 
B 3°24 


The course of the reaction is fairly closely bimolecular, although the value of & tends to fall 
during the early stages. The fall is much more pronounced with EtI than with EtCl or EtBr. 
In Table II, ¢ is the time in min., x the titre of the solution expressed as c.c. of N/10-acid, and 
k the bimolecular velocity const. expressed in g.-mols. /1./sec. 


TABLE II. 
(a) Temp. 59°75°. (b) Temp. 59°75°. 

[KOH] = [EtBr] = N/10. [KOH] = N/80, [EtBr] = N/20. 

x. 10°%.* t. x. 10°%.* : x. 10°k.* t. x. 10°k.* 
20-0 = 66 935 2°88 10:0 = 108 2990 4:28 
16°48 2°97 97 742 291 859 4:39 131 2°25 4:33 
14°71 = 2°85 134 6°16 2-80 7-33 4°48 148 1:93 4:27 
13°17 =2°68 164 5°17 2°92 6°04 4°33 171 1°45 4:39 
11:14 =. 2°88 210 431 2°89 j 4°71 4:32 218 O96 428 

3°74 4:29 


(c) Temp. 50°02°. (d) Temp. 50°02°. 


[KOH] = [EtI] = N/20. [KOH] = [EtI] = N/20. 
(Soltn. satd. with KI.) 


3°67 192 4:02 ; 9°22 3°53 144 4°82 
3°29 240 3°46 , 8°74 3°21 192 4:12 
3°06 291 3°07 ; 7°92 2°92 291 3°13 
2°82 390 2°42 5 7°22 2°56 386 2°61 
j 2°80 509 1°96 : j 6°81 2°60 503 2°18 
, 2°75 696 1°54 , 5°84 2°64 647 1:70 
134 488 2°61 


* In these two expts. the initial fall in the const. has occurred before the first recorded reading. 


The results for the chloride are almost exactly similar in form to those for the bromide, 
any fall in the const. occurring only in the very earliest stages of the reaction. 

The series of expts. recorded in Table II (d) show that the initial fall in the const. for the 
iodide is not due to the increasing concn. of KI, since there is an almost exact correspondence 
between (c) and (d). This also shows that the K’ ion is not directly concerned in controlling the 
speed of the reaction. The drift in the const. is not due to the formation of H,O, since the 
initial addition of 5% of H,O to some very pure dry EtOH neither eliminated the drift nor 
changed the mean value of the const. by more than 10%. 

The bimolecular velocity const. is unaffected by variation of the initial concn. of the halide, 
but increases as the initial concn. of the KOH falls (see Table III in which [KOH] and [EtBr] 
refer to initial concns.). The increase is probably due to the greater ionisation of the KOH. 

A similar effect was found with EtI, and presumably exists also with EtCl; e.g., by decreasing 
the concn, of the KOH from 0-10 to 0-025 (at 40-29°) the const. for the iodide was changed from 
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9-2 x 10% to 12-4 x 10°, the ratio being the same as for the bromide reaction over the same 
range. 
TABLE III. 
Temp. 59-75°. 
[KOH]. [EtBr]. 10°%. [KOH]. [EtBr]. 10%%. [KOH]. [EtBr]. 10%%. [KOH]. [EtBr]. 10° &. 
01 01 2°89 0°05 0-1 3°33 0°025 0-1 3°65 0°0125 Ol 4°15 
0°05 2°93 0°05 3°31 0°05 3°70 0°05 4°33 
0°025 2°68 0025 3°36 0025 3°76 0°025 4°42 
00125 2°58 00125 3:13 070125 3°70 0°0125 4°56 


TABLE IV. 


Ethyl chloride. 
Temp. 103 k (obs.). 10% & (calc.). Temp. 103 k (obs.). 10% & (calc.). 
40°35° 00111 0°0112 80-00° 0°773 0°766 
59°75 0°0996 0-100 90°61 1°89 2°02 
70°63 0°306 0°308 
Ethyl bromide. Ethyl iodide. 
15°83 0°0237 0°0245 15°83 0°0503 0-052 
24°74 0°0763 0-075 24°74 0°153 0-162 
32°02 0°182 0°178 32°02 0°368 0°373 
40°29 0°466 0°45 40°29 0°958 0°95 
50°12 1°35 1°26 50°12 2°70 2°65 
59°75 3°31 3°37 59°75 6°71 6-9 
70°63 10°2 9°3 70°63 19-9 19°5 
80°00 22°6 21°2 80-00 46°0 45°5 
90°61 52°8 52 90°61 119 110 
In Table IV are recorded the mean velocity consts. at various temps. for the three reactions, 
and the corresponding values calculated from the equations given below. For the iodide reaction, 
the consts. are averaged over the second half, to eliminate any influence of the initial fall. 
All values of & refer to initial concns. of N/20 for each reacting substance. 


The bimolecular course of the change, the small increase in the constant with increasing 
dilution of the potash but not of the halide, and the absence of any marked influence of 
potassium iodide on the ethyl iodide reaction, all go to show that the rate-controlling 
process is an interaction between the halide molecule and the hydroxyl ion. The initial 
drift of the constants and the dilution effect show that an exact expression of & in terms 
of concentration is a complex problem, the solution of which would demand detailed 
knowledge of the electrochemistry of potassium hydroxide in alcohol. But the principal 
purpose of the investigation is to find the relation between the energy of activation of 
the reactions and their absolute rates. The rate being an exponential function of the 
energy of activation, very small changes in the latter make large changes in the former. 
Such changes in & as are produced, ¢.g., by dilution, are relatively unimportant, since we 
can only hope to correlate the exact value of E with the order of magnitude of k. The E 
values may be taken as correct, since the Arrhenius equation is satisfied so well. 

Within a factor of about 2, the equations summarising the experimental results at 
different temperatures agree with those expressing the condition that the number of 
molecules reacting is equal to (the number of collisions between hydroxyl ions and halide 
molecules) x e~“/“7, In Table V the second column gives the equations which were used 
in calculating the k (calc.) values of Table IV, 7.e., in summarising empirically the observed 
results. The third column gives the equations based upon the assumption : number of 
molecules reacting = Z.¢e~“’/*", where Z is calculated from the formula 


Z = N,N,07{8"RT(1/m,+1/mz,)} ; 
m, and m, are the two molecular weights. 0), the mean of the diameters of the colliding 
particles, was taken as 4 x 10° cm. throughout. N, and N, are the numbers of molecules 
of the two reacting species in 1 c.c.; when they are so chosen that they correspond to 
1 g.-mol. per litre, then the actual number of g.-mols. per litre reacting is numerically 
equal to k. 
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TABLE V. 
Velocity constants for the interaction of ethyl halides and potassium hydroxide. 
Empirical. Required by the collision formula. 


Chloride k = 0°793 x 10° T . e723,000/RT k = 1:21 x 101°/T . ¢-23,000/k7 
Bromide k = 1:28 x 101%/T . ¢-21,000/r7 k= 1:15 x 10° T . ¢-21,000/k7 
hk = 2°70 x 1010 T . e21.00/k7_ k = 1:13 < 101T . ¢-21,000/r7 


It is worth pointing out that the much smaller rate of reaction of the chloride is 
accounted for by the larger heat of activation. 


SUMMARY. 

Some reactions of organic substances in solution take place at a rate given by the 
equation: number of molecules reacting = number colliding x e¥/#7, Others are 
several powers of ten slower. The desirability of investigating how far the former class is 
confined to reactions between an ion and a molecule, and the latter to interactions of 
neutral molecules, is suggested. The reactions between potassium hydroxide and the 
ethyl halides in alcoholic solution have been measured and found to belong to the former 
class. 


We are indebted to the Royal Society and Imperial Chemical Industries for grants. 
[Received, February 13th, 1933.] 





72. The Influence of the Sulphur Atom on the Reactivity of Adjacent 
Atoms or Groups. Part VI. Aromatic Side-chain and Nuclear 


Reactivity. 
By GEORGE BADDELEY and G. MACDONALD BENNETT. 


In Part II (Bennett and Berry, J., 1927, 1676) the conclusion was reached that the reactions 
of an organic chloro-compound with an iodide (reaction I) and with water (reaction II) 
are of opposite polar types, being respectively accelerated and retarded by the introduction 
into the molecule of a nitro-group, and for each of these reactions deductions were made 
as toitsmechanism. A contrast in variations of reactivity of this kind was first emphasised 
by Lapworth and Shoesmith (J., 1922, 121, 1391), who explained it in terms of the alternat- 
ing polarity rule. 

Since the publication of our earlier paper the classification of side-chain reactions has 
been discussed thoroughly by Ingold and Patel (J. Indian Chem. Soc., 1930, 7, 95; Ann. 
Reports, 1927, 24, 155) and by Williams (J., 1930, 35), whose two main groups of reactions 
are typified by the reactions we have studied. 

The aim of the present investigation was in the first place to confirm the underlying 
principle for these two reactions with respect to the influence of a wide variety of substituent 
groups. At the same time it was anticipated that other indications of considerable 
significance might become evident, and this expectation has, in fact, been realised. 

For a series of twelve aryl $-chloroethyl sulphides, in which the aryl group varies from 
mesityl and f-anisyl to dinitrophenyl, and for a few of the corresponding sulphoxides and 
sulphones the velocities of these two reactions in acetone have been determined at two 
temperatures; the results are in Table I. 


The prepn. of the required substances has been described (this vol., p. 46). 

The measurements of velocities of reaction I were carried out as described in Part II, and 
the coeffs. calculated by means of the formula for a bimolecular reaction there given. Control 
expts. showed that the values are independent of the mol. ratios of the reactants taken. 

In the case of reaction II a preliminary survey showed that const. coeffs. could not be ob- 
tained with the formula for a unimolecular reaction unless the H,O present amounted to 50%, 
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and the substance hydrolysed was in concn. not more than 0-01 mol. The values are not 
independent of the initial concn., but were all observed under comparable conditions. The 
method was as follows : 5 c.c. of a 0-01M-solution of the chloro-compound in acetone were placed 
in each of a series of tubes, 5 c.c. of H,O added, and the tubes sealed. The tubes were placed 
in the thermostat and shaken vigorously at first to complete the mixing. At intervals a tube 
was removed, cooled, opened, and the contents titrated with 0-01N-NaOH and phenol-red, 
the end-point being taken as that at which a red colour persisted for 30 sec. 

The temp. of the thermostat was controlled to 0-05° and observed with a standardised 
thermometer. 

An added volumetric refinement was achieved by the use of a simple device for filling the 
pipette. The latter was clamped vertically, and connected through a three-way tap on the 
one side to a tube to which suction could be applied (through a drying-tube), and on the other 
to a rubber bulb compressed by a screw clamp. The use and advantages of this in ease of work- 
ing are obvious, and it gave a considerably increased accuracy. 


Reaction I for mesityl 8-chloroethyl sulphide in acetone at 55-1°. 
0 2 10 19 22°5 26 30 


25°60 22-70 21°35 20°40 19°30 
0°0745 0-0782 0°0775 0°0777 
Mean 0:°0766 


Reaction II for 2 : 4-dichlorophenyl @-chloroethyl sulphide at 55-0°. 
78 149 234 284 298 360 382 
0°65 1-00 1-40 1-60 1°65 1-85 1-87 
2-80 2°45 2-05 185 1-80 1-60 1-58 
0-115 0-114 0-118 0-119 0°119 0-118 0-113 
ag = 3°45 Mean 0°116 


31°70 (Ay) 29°40(A,) 28°55 
~— on 00774 00748 


TABLE I. 


Velocity Coefficients, k, for Reactions I and II and Activation Energies, E, of Substances of the 
Types Ar-S:CH,°CH,Cl, Ar-SO-C,H,Cl, and Ar-SO,°C,H,Cl. 


Reaction I. Reaction II. 


~~ 








Rs5-0°- Ra5-0°- E. 

0-076 0-428 9°8 3°92 (0-194 at 25°) 

0-077 0-454 0°3 1°83 (0102 at 26°) 
0°663 nike 


R55-0°- Ra5-0°- 


B-Chloro- 
sulphides. 


B-Chloro- 
sulph- 
oxides. 


B-Chloro- 
sulphones. 





0°433 


(see Part II) 


1°25 
0°953 
0°787 
1-11 
1-20 
0°922 


(redetermined) 
4°15 


hsse = 0°490 


3°48 

3°18 

2°61 

0-300 
0°370 
0-294 
0°354 
0-518 
0°462 
0-960 


DIscussION. 


Mechanism of the Reactions.—In interpreting the data given in Table I it will be well 
to state for each of the reactions studied the mechanism which we attribute to it, and 


which the new experiments tend to confirm. 


2°60 

0°613 
0°507 
0°426 
0-063 
0°116 
0-032 
0-045 


2°61 
1°99 
2°14 
0°277 
0°493 
0-198 
0°250 


| | ES m0 


ol all nd 
SOPARAS 
SDwoaocr ot 


Zero reactivity in hydrolysis 


Zero reactivity in hydrolysis 
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Reaction I between organic chloro-compounds and an iodide appears to involve the 
following steps (implied in Part II) : 
Ce 
R-CH,Cl + If —+> R-CH,*. ——> R-CH,I + Cle 
(a) “.qhe (b) 


of which process (a) is the rate-determining stage, the essential capture of an iodine ion 
by the reacting carbon atom being facilitated by electron-recession from the CH,Cl group 
(the presence of electron-attracting substituents in R). 

The hydrolysis of chlorides by water, reaction II, may on the other hand be formulated 
thus : 


H). 
R-CH,Cl + H,O —> R-CHyOC fr —> R-CH,-OH + HCl 
H 


The critical factor here is the separation of Cl° from the carbon atom, and its first stage, 
an incipient ionisation of chlorine, must be assisted by electron-accession to the CH,Cl 
group (the presence of electron-repelling groups in R). This course reversed must be 
ascribed to the reaction III (Br in place of Cl) used for the study of reactivities of hydroxy- 
compounds in Part V (J., 1931, 296), the formation of the intermediate complex being 
again facilitated by electron-accession. 

The variations observed in Parts II—V in the behaviour of hydroxy- and chloro- 
compounds with respect to these opposed reactions are adequately explained as the result 
of two influences : an electron-attracting inductive effect of the sulphur atom transmitted 
along the chain and clearly apparent in the depressed reactivities for reactions II and III 
of the y-substituted sulphides; and a special activating mechanism due to the intermittent 
close approach or contact of the sulphur atom with the CH,°OH group, which causes a 
high reactivity to appear in those cases where this approach is sterically easy—in particular 
in the 6-, 8-, and e-substituted sulphides (cf. Chem. and Ind., 1932, 51, 776). In the 3- and 
e-chloro-compounds ring-closure takes precedence of the hydrolytic reaction, but the 
essential mechanism may be regarded as identical. 

General Order of the Reactivity Values.—The variation of the velocities in reaction I 
for the series of substituted chloro-sulphides is in the order: -anisyl<#-tolyl<phenyl< 
p-halogenophenyl<#-nitrophenyl<dinitrophenyl. The order for reaction II for this 
series is exactly the reverse. This confirms the generalisation of our original suggestion. 

At the same time, when some of the individual values are considered in detail, one or 
two slight deviations are noticed from the exact inversion of order which might at first 
sight have been expected. Thus, when due allowance has been made for the inductive 
effects, the substitution of chlorine, methyl or nitro-groups in the ortho-position affects 
reaction I in the opposite sense from their effect when in the para-position ;_ the reactivities 
of sulphones, when compared with those of the sulphides and sulphoxides in reaction I, 
appear anomalous; and the effects on the reactivity for reaction II of the three halogens 
inserted in the f-position are in an order which is the opposite of that anticipated. These 
three points will now be discussed in turn. 

Effect of the External Field of Groups in the Ortho-position.—It has been pointed out 
(Part IV; J., 1930, 2364) that a polar group possesses an electrical field outside it of 
opposite sign from that of its usual inductive effect exercised along the line of attachment 
to the rest of the molecule. In the data now under consideration for reaction I the influence 
of such fields of the methyl, chlorine and nitro-groups is clearly revealed, a simple explan- 
ation being thus provided for the first of the apparent anomalies referred to above. The 
velocity coefficient of phenyl $-chloroethyl sulphide (at 55°, 0-091) is reduced by inserting 
a p-methyl group in accordance with the general order of polar effects (0-077), yet the 
introduction of two additional methyl groups in the ortho-positions in the mesityl chloro- 
sulphide gives a figure no lower (0-076). The corresponding $-chloroethyl sulphones show 
the same point in a more striking manner, the mesityl sulphone having actually a higher 
reactivity (0-390 at 75°) than the phenyl sulphone (0-300). 
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A chlorine atom in the p-position more than doubles the speed of reaction of the parent 
sulphide (at 55°; 0-091, 0-197), yet the values for the di- and tri-chlorophenyl chloro- 
sulphides show that the o-chlorine atoms depress the reactivity (2 : 4-dichlorophenyl, 
0-207; 2: 5-dichlorophenyl, 0-187; s-trichlorophenyl, 0-153). According to our view, 
the inductive effects of the nuclear chlorine atoms in the trichlorophenyl sulphide must, 
give the side-chain chlorine atom an extremely high reactivity with iodide ions, but the 
fields of the chlorine atoms in the ortho-positions hinder the approach of the negative ions, 
and so depress the observed speed of reaction. The corresponding effect does not appear, 
and was not to be expected, in the velocities of reaction II. The inductive effects of the 
substituents here alone operate, the ortho-groups having no marked influence on the speed 
of the reaction with water molecules, which, being uncharged, can approach unhindered 
by the outer field. 

A similar trend is apparent to a minor degree in the results for the o- and #-nitrophenyl 
chloro-sulphides (Part II; phenyl 0-091, #-NO, 0-257, o-NO, 0-180). The o-nitro-group 
might have been expected to have a larger inductive influence than the #-. 

It must be pointed out that a simple steric hindrance is out of the question in all these 
cases: the complete inhibition of esterification by Fischer’s method observed with o-di- 
substituted benzoic acids is absent in the o-disubstituted phenylacetic and phenylglyoxylic 
acids, in which there is one extra carbon atom between nucleus and reacting group (V. 
Meyer, Ber., 1895, 28, 1254), so that our reaction at the terminal group of a four-atom 
chain must be even more free from any such simple blocking effect. Moreover, the diminu- 
tion of rates of both reactions I and II caused by a chlorine atom introduced into the 
ortho-position might have seemed evidence of simple steric hindrance, were it not for the 
fact that methyl groups inserted in the ortho-position increase the velocity of both reactions. 

Comparative Influences of Sulphide, Sulphoxide, and Sulphone Groups.—With respect 
to reaction II the sulphoxides and sulphones have no measurable reactivity. This was 
td be expected, for the positive charges on the sulphur atoms must cause a high inductive 
depression of the hydrolysis, and at the same time activation by the mechanism described 
above for sulphides (p. 263) cannot occur with a positively charged sulphur atom. 

It had seemed possible that this activating process might nevertheless have operated 
between the oxygen atoms of the sulphone group and the CH,Cl group of the y-chloro- 
propylsulphone. This was not, in fact, detected, a result which might be taken as pointing 
to an actual electronic interaction between the activating atom and the reacting group 
rather than mere close spatial proximity as being necessary in such reactions. 

The behaviour of these compounds in reaction I requires more detailed consideration. 
The inductive effects of sulphoxide and sulphone groups should increase in strength owing 
to the presence of one and two dipoles respectively. As far as the sulphoxides are con- 
cerned, the increase of reactivity thus deduced is found, the values being each about three 
times those of the parent sulphide. Yet the figures for the six @-chloroethyl sulphones 
examined are not higher, but actually lower (about half) than those of their parent sulphides. 
Compared with butyl chloride, moreover, phenyl $-chloroethyl sulphide itself has a low 
reactivity (0-56: 1-0; Kirner and Richter, J. Amer. Chem. Soc., 1929, 51, 3409). The 
possibility that a sulphone is deactivated as a consequence of the extreme intensity of its 
inductive factor is excluded by the fact that the introduction of a nitro-group into the 
phenyl sulphone raises the reactivity considerably. 

We attribute the low values for the phenyl @-chloro-sulphide and its sulphone to the 
influence of a field which, by repelling iodine ions, reduces the collision number and so 
masks what would otherwise be a high reactivity. This deactivating field is due to the 
groups C,H,°S: and C,H,*SO,° in which the polarised and positively charged nuclei con- 
stitute the positive end in each case of an effective dipole, the negative end of which is 
directed towards the seat of reaction. Two other points support this: the variation of 
reactivity in sulphones with different substituents shows their modification of this nuclear 
polarisation; and the absence of the aromatic nucleus in methyl @-chloroethyl sulphide 
makes the screening field of its sulphur atom less intense, so that the reactivity is higher 
(Kirner and Richter, Joc. cit.) notwithstanding the fact that the inductive effect must be 





electr 
meric 
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lower. With the extra length of chain in the corresponding phenyl y-chloropropyl com- 
pounds the seat of reaction is removed far enough from these groups to make the screening 
effect of minor importance, the y-chloro-sulphide (Part II; and Kirner and Richter, Joc. 
cit.) being consequently highly reactive and its sulphone still more so. The inductive 
effect, it may be remarked, has to pass across only two saturated carbon atoms to reach 
the reacting CH,Cl group in the y-chloropropyl compounds and is still potent, whereas 
the deactivating field must surround that group to be effective. 

A consideration of the steric arrangement of the sulphoxide and sulphone groups makes 
it clear that the negative field of the latter occupies more than half the adjacent space, 
whereas the single dipole of the former must have a more symmetrical field. This difference 
suffices to explain the comparative importance of the screening in the sulphoxides and the 
sulphones. 

The Influence of Halogens on Aromatic Reactivity——The influence of a single halogen 
atom substituted in the f-position of phenyl 8-chloroethyl sulphide is in descending order 
Cl>Br>I for reaction I (p-Cl, 0-197; #-Br, 0-150; #-I, 0-116), which follows, as would be 
expected, the order of the strengths of the halogenoacetic acids (F>CI>Br>I). Yet the 
rates of hydrolysis (reaction II) for these same substances follow the same and not the 
opposite order (p-Cl, 0-613; £-Br, 0-507; #-I, 0-426). 

In seeking an explanation of this we have found much other evidence in the 
literature involving a similar anomaly, but hitherto unexplained. A reconsideration of 
these and other points has led us to a modification of the current view of the influence of 
halogens on aromatic reactivity which brings all these facts into a satisfactory scheme. 
It will appear, moreover, that the underlying explanation is an almost inevitable corollary 
of our view of the external reversed field of atoms. 

The evidence bearing on this question concerns the influence of halogens (a) on side- 
chain reactions and (b) on nuclear substitution. We find that the former data all point 
j unmistakably to an order of diminishing electromeric effect among the halogens of 
F>Cl>Br>I, while the facts under the latter heading also allow of an alternative explana- 
tion on similar lines, and in certain respects definitely require it. The order given above 
is admittedly the opposite of that hitherto accepted, and demands a new view of the 
origin of the electromeric effect in the halogenobenzenes, since it is inconsistent with the 


“™ 
covalency change X—C, Iodine would be the most prone to such a change and in fluorine 
it should be almost or quite impossible. 

(A) Side-chain Reactions—The view is now widely held that nuclear electromeric 
effects involve, to a certain extent at least, redistributions of charge which persist whether 
a reaction is in progress or not (e.g., Sutton, Proc. Roy. Soc., 1931, A, 133, 668; Shoppee, 
J., 1932, 696), and it appears inevitable that such disturbances should consequently be able 
to retard as well as to accelerate reactions. This view has already been adopted by Shoppee 
(loc. cit., p. 698; but compare J., 1930, 969, 974), and there are many examples which 
point to its occurrence. Thus the insertion of the #-methoxy-group into phenyl @-chloro- 
ethyl sulphide results in a velocity for reaction I which is much less than that of the parent 
substance (Table I). This indicates an electromeric depression of the speed of the reaction 
large enough to outweigh the accelerating inductive effect of methoxyl. The same point 
is still more clearly apparent in the classical observations of Lapworth and Shoesmith 
(loc. cit. and J., 1926, 214) on the methoxybenzyl bromides. The order of speeds of 
hydrolysis, p-MeO>o-MeO> unsubstituted>m-MeO, illustrates activation by the electro- 
meric effects of o- and p-methoxyl and deactivation by the inductive effect of m-methoxyl. 
In the velocities of reduction (comparable with our reaction I) the order found was m-MeO> 
0-MeO>#-MeO and unsubstituted, pointing to a definite electromeric retardation by o- 
and p-methoxyl. 

In reactions of type A (Ingold and Patel, Joc. cit.) the inductive effects of halogens 
must retard, and their electromeric effects should accelerate, the reaction for the p-iso- 
meride. In the m-isomeride, on the other hand, the inductive effect is weaker and the 
electromeric almost or quite inoperative. Consequently the relative forces of the electro- 
meric effects of the halogens are indicated by the variation of the ratio of velocities p/m, 

T 
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or by the order of velocities of the p-isomerides. In Table II we have summarised the 
evidence on this particular point. Our new figures for reaction II and four other sets of 
data for reactions of type A all show #-halogenated compounds with reactivities in the 
descending order C1>Br>I. The inductive influences would produce the opposite order, 
so that this result must arise from an electromeric effect falling markedly in the order 
F>Cl>Br>I. The case of #-fluorobenzyl bromide is particularly striking (Shoesmith 
and Slater, J., 1926, 214), for it has a higher reactivity than benzyl bromide itself. In 
three instances the #/m ratios (column 4) are available and support the same conclusion. 


TABLE II. 


The Influence of Halogens on Side-chain Reactions. 


Order of 
velocities of plm 
p-halogenated Velocity 
Reaction. Type A. Authors. compounds. ratio. 
Hydrolysis of Ar-S-C,H,Cl Baddeley and Bennett Cl>Br>I 
Hydrolysis of Ar-CH,Cl Olivier Cl>Br>I Ci>Br>I 
Hydrolysis of Ar,CHCl Norris Cl>Br 
Hydrolysis of Ar-CH,Br Shoesmith and Slater F>Cl>Br 
Action of Ar-NH, on chloronitrobenzenes Linke Ci>Br>I1 Cl>Br>I1 
Reduction of Ar-NH-NH, Franzen Cl= Br Cl>Br 
m|p Velocity 


Reaction. ratio. 
Kellas C1<Br<I Cl>Br 


Hydrolysis of Ar-CO,R McCombie and Scarborough Cl<Br<I Cl>Br>I 
Kindler Cl<Br<I Cl>Br 


Hydrolysis of phthalides Tasman C1<Br<l 
Action of R-CN with H,S Kindler Cl<I 
Benzoylation of Ar-OH Bernoulli Cl<Br 
Tautomerism of Ar-CH,*N:CH-Ar’ Shoppee Cl>Br>I1 Cl>Br>I 
Hydrolysis of aryl succinimides Sanna Cl<Br Br>Cl (?) 
Reduction of Ar-CH,Br Shoesmith and Slater F<Cl 

References for the above reactions will be found in the paper by Williams (Joc. cit.), except that of 
Shoppee (J., 1931, 1225; 1932, 696). The latter’s values for equilibrium composition in the three- 
carbon system (J., 1930, 974) provide a still further similar anomaly, which falls into line. 


For reactions of type B a #-halogen atom must conversely cause acceleration by its 
inductive and retardation by its electromeric effect, and indications of the order of the 
latter are obtained from the m/f ratios and the velocities for p-isomerides. In Table II 
seven separate studies of such reactions are cited which give the order of falling velocity 
Cl<Br<I. As the inductive acceleration must be in the opposite sense, Cl>Br>I, these 
facts once again point to electromeric effects falling from chlorine to iodine and large 
enough to reverse the final order of velocities. The order in the single case of the methylene- 
azomethine tautomerism (Shoppee) differs in that it is not reversed, but the operation of 
the electromeric effect is nevertheless clear from column 4. The m/f ratio is in this, as 
in the other instances, in agreement with the general conclusion. 

The relatively high values of reactivity for m-halogenated compounds in such reactions 
as the hydrolysis of esters (m>) indicate a large depression by electromeric influence in 
the #-position, which may, perhaps, be due to a capacity for the carbonyl group to 
sustain this effect and so increase its weight. 

A further relevant point is a comparison of the strengths of f-chloro- and #-bromo- 
anilines. The inductive effects (Cl>Br) should make the chloro-base the weaker. The 
electromeric disturbance should appear as a partial negative charge on the carbon atom 
carrying the amino-group, and should strengthen the base. If the electromeric effects are 
in the order Br>Cl, as usually assumed, this will further tend to make the chloro-base 
the weaker : but if the order of the latter effects is the reverse (C1> Br), they must counter- 
act and may outweigh the inductive effects. This is in fact the case: the chloro-base 
is the stronger of the two (p-chloroaniline, k 1-49 x 10°; -bromoaniline, 1-04 x 107°: 
Farmer and Warth, J., 1904, 85, 1726). 





the Reactivity of Adjacent Atoms or Groups. Part VI. 267 


(B) Nuclear Substitution.—The interpretation of the results of nuclear substitution of 
halogenobenzenes involves a question as to which of two effects is principally responsible 
for each feature of the result. It has been stated, for instance, that the fall in the p/o 
ratio of products in nitrating the various halogenobenzenes in the series F, Cl, Br, I is due 
rather to the increasing electromeric effects of the halogens than to the known fall in their 
inductive effects (Lapworth and Robinson, Mem. Manchester Phil. Soc., 1928, 72, 49). 
It does not appear clear to us why an electromeric effect should favour substitution in the 
o- rather than the #-position: moreover, the varying inductive effects are adequate to 
explain this series and we now adopt this view, as it can be reconciled with the variation 
of an electromeric effect in the order F>Cl1>Br>I. The #/o ratios of products of nitrating 
benzyl fluoride (1-92; Ingold and Ingold, J., 1928, 2262) and benzyl chloride (1-34; Holle- 
man, Rec. trav. chim., 1914, 33, 1) show a similar tendency, in a case where the inter- 
vening methylene group makes an electromeric directive effect from halogen to nucleus 
impossible. 

The mode of substitution of o- and #-dihalogenobenzenes presents an anomaly which 
has already aroused special interest. When two different halogen atoms are in the -posi- 
tion they direct substitution o- to themselves in the order Br>Cl and Cl>F, yet when they 
are situated o- to each other the precedence in directive power 
appears reversed so that Cl>Br and F>Cl. Ingold and Vass (J., F 
1928, 417, 2262), in discussing this, invoke in addition to the inductive F; 
and electromeric effects a direct effect, which is assumed to follow r Cl K 
the inductive effect in sign and magnitude. On this basis they 
account for the above results, the electromeric effects of the halogens 
being relegated to a secondary place in the consideration of the case of the o-dihalogeno- 
benzenes. Once again the difficulty vanishes if the electromeric effects are taken as 
varying in the order F>Cl>Br. In the #-dihalogeno-compounds the inductive effect of 
each halogen will tend to prevent substitution in the o-position to it, and the resulting 
substitution is greater near to chlorine than to fluorine ; but with the o-dihalogenobenzenes 
the inductive effects will co-operate and the electromeric effects display their directive 
powers in the respective #-positions in the order F>Cl. This interpretation is simpler 
than that of Ingold and Vass, and is therefore to be preferred. 

Genesis of Electromeric Effect of Halogens.—The current view of an increase of covalency 
between halogen and nuclear carbon as the origin of the electromeric effect, we reject as 
unsatisfactory for the reasons elaborated above. The circumstance that there is no 
apparent tendency for halogenobenzenes to pass into quinonoid derivatives under any 
conditions moreover makes this conception inherently less probable than the similar view 
of the activated forms of phenol and aniline. Nor is it easy to understand how the deactiv- 
ating inductive effect of a halogen atom can persist unchanged at the moment when the 
nature of the carbon—-halogen bond is radically altered by the postulated change of covalency 
of the halogen. The alternative possibility, which we now advance, is that the electro- 
meric effects of the halogens are ethenoid and butadienoid changes in the nucleus promoted 
by the electrical fields of the halogen atoms—opposite in sign but parallel in magnitude 
with their inductive effects, varying therefore in the order we have deduced, namely, 
F>Cl>Br>I. 

It is out of the question to prove in detail that an activation of C, will be promoted by 
the outer field of a halogen atom attached to C,; but careful consideration of the origin 
of the inductive effect shows that the halogen atom must have an 
electron-repelling direct effect around it and that this operates in Mae Cl 
every direction in space. The net negative charge (8-) which the <3-Cl> 
halogen appropriates must have a positive equivalent, but this will SO 
be largely distributed throughout the nucleus (hence the deactiv- “ Q 
ation) and the electron-repelling field may control at least the ae Cp \WY 
outer electrons of the bond C,C, to the point of initiating the 
electromeric change. 

This view represents the directive effects of methyl and the halogens as both due to 
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nuclear changes encouraged by the substituent, the former acting, however, by means of 
its inductive, the latter by means of a direct effect. 

It may be pointed out that substituents such as the nitro- and carboxyl-groups, which, 
like halogen atoms, have electron-attracting inductive effects do not cause op-nuclear 
substitution because they differ from the halogens in that they contain complete and 


® © b+ &- 
fractional dipoles respectively (N—O, C—O), the positive ends of which are directed towards 
the nucleus, whereas the halogen atom is more correctly regarded as a partial negative 
pole. The case of benzotrichloride may be explained in a similar manner. 

Activation Energies of the Reactions.—A striking feature of our data, particularly for 
reaction I, is the uniformity of the activation energies of the various substances. This no 
doubt reflects the fact that whatever may be the variations in structure (and consequently 
in reaction velocity) the activation energy remains a constant property of the CH,—Cl 
bond. 

This constancy is remarkable, but not unique. The values of activation energy for a 
wide range of alkyl iodides in reaction with alkali phenoxide found by Segaller (J., 1914, 
105, 110) were, for example, practically constant. 

The conclusion may be drawn that, if velocity of reaction be expressed by the formula 
k = ae®/RT, the influence on these reactions of the various factors above discussed is 
represented in the value of the constant « rather than in the activation energy E. 


[Received, December 5th, 1932.) 
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73. Anthoxanthins. Part XIII. Synthesis of a Colouring Matter of 
Robinia pseudacacia. 


By Epwarp H. CHARLESWORTH and ROBERT ROBINSON. 






A YELLOw colouring matter isolated from the stem-wood of Robinia pseudacacia by Schmid 
and Pietsch (Monatsh., 1931, 57, 305) has been identified as 3 : 7 : 3’ : 4’ : 5’-pentahydroxy- 
flavone (I) by Schmid and Tadros (Ber., 1932, 65, 1689). 

Brass and Kranz (Annalen, 1932, 499, 175), employing Kostanecki’s method of synthesis 
of flavonols, have obtained the tetramethyl ether (II; R = H, R’ = Me) and, on methyl- 
ation, the pentamethyl ether (II; R = R’ = Me), which was found to be identical with 
the derivative obtained from the anthoxanthin of natural origin. 


OH OMe 
a.) HO c—< OH R’'O c—_< OMe qz) 
O O 


The synthesis of the colouring matter itself has been effected following the method 
introduced by Allan and Robinson (J., 1924, 125, 2192) and employed for the synthesis 
of many naturally occurring flavones and flavonols, e.g., by Kalff and Robinson (J., 1925, 
127, 181) in the synthesis of myricetin. 

Condensation of w-methoxyresacetophenone with trimethylgallic anhydride and 
sodium trimethylgallate affords, after hydrolysis of the product, the ¢etramethyl ether 
(Il; R= Me, R’ = H) and, on demethylation, the flavonol (I). The properties of the 
synthetic and the natural specimen and of their derivatives exhibited no divergencies; a 
direct comparison has been rendered possible by the courtesy of Dr. L. Schmid, who kindly 
sent us specimens of the natural colouring matter and of its penta-acetyl derivative. 

Schmid and Tadros term the anthoxanthin 3: 3’: 4’ : 5’-tetrahydroxyflavonol and 
Brass and Kranz describe it as 5’-hydroxyfisetin. In view of the fact that other antho- 
xanthins of the flavone and flavonol classes have received special names, we venture to 
suggest, having regard to its botanical origin, that 3: 7:3’: 4’ : 5’-pentahydroxyflavone 
may be termed robinetin. This is unlikely to cause confusion with the glucoside robinin 
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from the same plant, because its aglucone, robigenin, has been found to be identical with 
kaempferol (A. G. Perkin, J., 1902, 81, 473). 


EXPERIMENTAL. 


7-Hydroxy-3 : 3’: 4’ : 5’-tetramethoxyflavone (II; R= Me, R’ =H). A mixture of O-tri- 
methylgallic anhydride (32 g.) (Kalff and Robinson, /oc. cit.), sodium O-trimethylgallate (13 g.), 
and w-methoxyresacetophenone (7 g.) (Slater and Stephen, J., 1920, 117, 312) was heated at 
180—185° for 4 hr., and the melt dissolved in boiling EtOH (100 c.c.). KOH (12-5 g.) in H,O 
(15 c.c.) was gradually introduced into the boiling solution, which was refluxed for } hr. The 
EtOH was distilled under reduced press., the residue dissolved in H,O (125 c.c.), and the filtered 
solution saturated with CO,; a light brown powder (9-5 g.) then separated. This crystallised 
from EtOH (1 1., charcoal) in clusters of pale yellow spears (7-5 g.), m. p. 250—251°; recrystn. 
did not raise the m. p. (Found: C, 63-6; H, 5-1; MeO, 34:3. C,.H,,0, requires C, 63-7; H, 
5-0; 4MeO, 34:6%). The solutions in conc. HCl and H,SO, and in alkalis are yellow. 

Acetyl derivative. The substance was acetylated with Ac,O and C,;H,;N; the product 
crystallised from EtOH (charcoal) in long colourless needles, m. p. 149—150° (Found: C, 
63-2; H, 5-0. C,,H,0, requires C, 63-0; H, 5-0%). 

3:7: 3’: 4’: 5’-Pentahydroxyflavone (Robinetin) (I).—The foregoing tetramethyl ether 
(4 g.) was demethylated by boiling for 1} hr. in an atmosphere of CO, with a mixture of colour- 
less HI aq. (60 c.c., d 1-7) and Ac,O (20 c.c.); an orange hydriodide soon began to separate. 
After cooling, this was collected, washed with AcOH, and decomposed by boiling 50% AcOH 
(300 c.c.). This vol. was insufficient to effect complete solution, but the bright orange hydriodide 
quickly decomposed and yellow needles appeared. On cooling, the amount was greatly 
augmented and the substance was collected, washed with H,O, and dried (3-2 g.). Recrystn. 
from 50% AcOH (500 c.c.) containing EtOH (5—10 c.c.) afforded greenish-yellow needles, 
which on heating became greyish-brown and then decomposed without melting at 325—330° 
(Found in material dried at 140° for 5 hr.: C, 59-6; H, 3-3. Calc. for C,;H,,0;: C, 59-6; 
H, 33%). The material analysed was grey; drying at 120° does not suffice to dehydrate the 
crystals completely. 

The synthetic colouring matter exhibited all the properties and colour reactions, including 
the FeCl, reaction, recorded by Schmid and Pietsch, and by Brass and Kranz. The character- 
istic colour changes in aérated alkaline solutions are best examined in buffered solutions such 
as those prepared from the “‘ Universal Buffer Mixture ”’ supplied by the British Drug Houses, 
Limited (cf. Robertson and Robinson, Biochem. J., 1929, 23, 35, for composition of the numbered 
solutions mentioned below) and direct comparison of the natural and the synthetic material 
showed that they exhibit identical reactions as follows. The substance does not dissolve in a 
solution (9) of py 8-0; it is sol. in a solution (11) of pg 9-2, forming a yellow solution which goes 
through all the colour changes of the solution of py 10-4, but much more slowly, and after 
24 hr. is pure cherry-red. In a solution (13) of pq 10-4, the yellow colour rapidly changes to 
greenish-yellow, green, then yellow-brown, and by the end of } hr. reddish-brown. During 
the brown stages there is an intense green fluorescence which disappears as the red colour 
gradually deepens; after 24 hr. the solution is cherry-red with a slight brown tinge. At no 
Stage at this py is there any sign of a blue colour. This behaviour contrasts strongly with that 
in solution (15), in which the green rapidly changes through blue-green, pure blue, violet or 
permanganate to a brownish-red (this is the series of colour changes noted by Brass and Kranz, 
loc. cit.). With solution (17) the changes proceed very rapidly to the brownish-red stage and 
after 24 hr. both (15) and (17) fade to brownish-yellow. 

Robinetin is a powerful mordant dye and produces shades similar to those obtained with 
fisetin, quercetin, and myricetin. On cotton mordanted with aluminium the shade is brownish- 
orange, and with iron a good black is produced, brown-olive in weak dyeings. The shades 
obtained with the natural and the synthetic pigment on weak and strong aluminium and iron 
and on a mixed mordant (brownish khaki) were identical. 

O-Pentamethylrobinetin (II; R =H, R’ = Me).—To a suspension of the hydroxytetra- 
methoxyflavone (2-0 g.), described above, in acetone (50 c.c.), NaOH aq. (50 c.c. of 20%) and 
Me,SO, (25 c.c.) were added gradually and alternately with shaking during } hr. and then 
25 c.c. more 20% NaOH was added and the liquid was slowly heated and finally refluxed for 
20 min. The solid crystallised from MeOH (80 c.c.) in colourless rectangular prisms (1-8 g.), 
m. p. 149° (Found: C, 64-4; H, 5-3. Calc. for C45H,,O,: C, 64:5; H, 54%). A mixed m. p. 
with the pentamethy] ether formed from the natural colouring matter showed no depression. 
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The ether dissolves in conc. HCl to a yellow solution and an orange-yellow hydrochloride 
separates. This is rapidly decomposed on the addition of H,O or EtOH. 

O-Penta-acetylrobinetin.—The pentahydroxyflavone (0-6 g.) was boiled for 2 hr. with Ac,O 
(25 c.c.) and 2 drops of C;H;N. EtOH (40 c.c.) was added to the warm solution, which was 
quickly filtered and, on cooling, the penta-acetate (0-75 g.) separated in cryst. threads. Recrystn. 
from EtOH (160 c.c.) gave a colourless product (highly electric), m. p. 223° (Found: C, 58-3; 
H, 4:0. Calc. for C,,H,.0,,: C, 58-6; H, 30%). A mixed m. p. with a specimen of the 
penta-acetyl derivative of the natural colouring matter exhibited no depression. 


The analyses were carried out by Mr. F. Hall and we are indebted to the Royal Commissioners 
for the Exhibition of 1851 for an Overseas Scholarship awarded to one of us. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, January 12th, 1933.] 





74. Experiments on the Synthesis of Physostigmine (Eserine). 
Part VII. 


By FREDERICK E. KiNG and ROBERT ROBINSON. 


In the earlier parts of this series (J., 1932, 298—336, 1433) synthetic bases closely related 
to eserole have been described, but attempts to resolve these substances have not yet been 
entirely successful. Having regard to the resolution of a synthetic indolinone (loc. cit., 
p. 326) by the use of quaternary salts, we first attempted to achieve our end by the crystal- 
lisation of a methopicrate of dl-esermethole (I) (loc. cit., p. 1435), but no spontaneous 
separation occurred. Other metho-salts of the optically active base from natural sources, 
e.g., the metho-d-bromocamphorsulphonate and metho-d-camphorsulphonate, were 
examined, but none of these was suitable for the purpose. Furthermore, in completing 
the synthesis by way of metho-salts, a necessary stage must be the decomposition of such 
quaternary salts with simple loss of a methyl group, but, unfortunately, the work of Straus 
(Annalen, 1913, 401, 350; 1914, 406, 332) has shown that methiodides of bases of the type 
(I) suffer thermal decomposition with the formation of derivatives of indole. It was hoped 
that the employment of methochlorides, heated in high vacua, might overcome this 
difficulty, but actually the customary degradation to a physostigmole ether (II) ensued. 

The resolution of the quaternary salts is not likely, therefore, to be a stage in the actual 
synthesis of eserine, but it would still be a step in the synthetical proof of the constitution 
of this base. 

1-Esermethole hydrogen d-tartrate has considerable crystallising power; the completion 
of the synthesis thus appeared to be in reach, but difficulty has been experienced in 
obtaining an adequate supply of the inactive synthetic esermethole. 

The synthesis outlined in Part VI (loc. cit., p. 1433) has not proved satisfactory for the 
preparation of relatively large quantities of the material necessary for resolution experi- 
ments owing to the capricious behaviour, and occasional failure of the catalytic reduction, 
of crude dehydronoresermethole. Although the expenditure of time and labour will 
enable us to utilise the methods already recorded, we have made efforts to improve them, 
and some preliminary investigations in this direction are described in the experimental 
section. In the first place the direct addition of ethyleneimine to 5-methoxy-1 : 3-di- 
methylindole failed; this might have constructed the eserine ring-system as follows :— 


Xe CH, 


CH,—CH, , 
ben H, MeO Me + 2 —> MeO Me tH, 
Nie H—NH 
NMe Kec NMe 
(I.) (II.) 


The idea is perhaps worth following up with less highly substituted indoles, because we 
find that 1-methylated indoles are even difficult to alkylate in the 3-position (vide infra). 
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New experiments along the lines of our earlier work have been directed to the synthesis 
of the metho-salt of the base (III) and in the first instance we studied the addition of methyl 
iodide to the more readily accessible analogous indoles. The results, described in the 
experimental section, showed that addition of methyl to the 3-position without attack of 
an unsubstituted 2-position is not feasible as a method of preparation if the initial substance 
is 1-alkylated. 

We have, however, been able to prepare an indolenine (IV) and the work is being 
extended at the present time in this direction in collaboration with Dr. M. Liguori. 


MeO Me:CH,*CH,"OPh Me:CH,°CH,"OPh 
(III.) fon ° (IV.) 


y-Phenoxy-a-methylbutyryl chloride (for the acid, see Bentley, Haworth, and Perkin, J., 
1896, 69, 171) could not be reduced by Rosenmund’s method, but the related nitrile was 
reduced following Stephen (J., 1925, 127, 1874). The aldehyde was not purified, but its 
phenylhydrazone afforded the indolenine (IV) on treatment with alcoholic hydrogen 
chloride. 

EXPERIMENTAL. 


Recrystallisation of dl-Esermethole Methopicrate —Microscopic examination and m. p. deter- 
mination of salt deposited at various temp. from EtOH solutions of d/-esermethole methopicrate 
seeded with the /-base methopicrate afforded no evidence of resolution. 

Salis of 1-Esermethole with Optically Active Acids——Silver d-bromocamphorsulphonate 
(0-7 g.) in H,O (5 c.c.) was added to a solution of esermethole methiodide (0-6 g.) in EtOH aq. 
(9 c.c. of 60%), and the pptd. AgI removed (charcoal). By concn. at 50° under reduced press., 
esermethole d-bromocamphorsulphonate was isolated as a faintly pink gum. The product 
was sol. in hot org. solvents, except Et,O and light petroleum, but the cold solutions formed 
gels containing white flocks of needles which slowly blackened, probably through oxidation 
of the basic constituent by the grouping -CO-CHBr- of the camphor acid. The prepn. of eser- 
methole d-camphorsulphonate was similar, but the deliquescent product did not crystallise. 

Powdered d-tartaric acid (0-3 g.) was added to a solution of /-esermethole (0-46 g.) in boiling 
MeOH (4 c.c.). The product (0-65 g.) which separated on cooling was recrystallised from 
EtOH-EtOAc, forming colourless elongated prisms, m. p. 160—161°. After several days the 
crystals of tartrate began to cohere, and a redetermination of m. p. gave 65—70°. When dried 
in vac. over P,O,, first at room temp. and finally at 100°, the salt again melted at 160—161° 
(Found : C, 56-3; H, 7-1; N, 7-1. C,sH,,O,N, requires C, 56-5; H, 6-8; N, 7-3%). The salt 
is readily sol. in H,O, hot MeOH and EtOH, but is almost insol. in other solvents. 

Degradation of \-Esermethole Methochloride——The methochloride (loc. cit., p. 334) from the 
methiodide (1 g.) and AgCl in EtOH aq. was heated in a high vac. With the oil bath at 160— 
170°, darkening occurred and a light brown liquid distilled; the expt. was discontinued at 200°, 
The solid distillate (0-36 g., ca. 75%), after crystn. from EtOH, had m. p. 59—60°, undepressed 
by admixture with 5-methoxy-1 : 3-dimethylindole. With Ehrlich’s reagent, the charac- 
teristic deep purple colour developed, which later changed to Prussian blue. 

Synthesis of 5-Methoxy-1 : 3-dimethylindole—The prepn. of p-methoxyphenylhydrazine 
followed the convenient method of Kermagk, Perkin, and Robinson (J., 1922, 121, 1880) for the 
m-isomeride. The intermediate nitrosomethyl-p-anisidine, described by Spath and Brunner 
(Ber., 1925, 58, 522) as a dark red oil, separated during its prepn. in cream-coloured nodules. 
The compound, recryst. from MeOH, formed pale yellow, rectangular leaflets, m. p. 45—46° 
(Found: C, 57-6; H, 6-2; N, 16-9. C,H,,0,N, requires C, 57-8; H, 6-0; N, 16-9%). Prop- 
aldehyde (3—4 g.) and p-methoxyphenylmethylhydrazine (5 g.) reacted immediately with 
evolution of heat, yielding the syrupy hydrazine. When the latter was dissolved in EtOH- 
H,SO, (15 c.c. of 15%) (cf. Spath and Brunner’s use of anhyd. ZnCl,), the solution boiled, 
depositing (NH,),SO,. The reaction was completed under reflux on a steam-bath, and the 
indole isolated by means of Et,O. It was purified by distillation (b. p. 120—122°/1 mm.), and 
the solid distillate crystallised from EtOH in colourless plates, m. p. 60°. 

Ethyleneimine.—The use of a sealed tube in the prepn. of 8-bromoethylamine hydrobromide 
from phthalo-§-bromoethylimide (Gabriel, Ber., 1888, 21, 566) is unnecessary if stronger acid 
is employed; with HBr aq. (d 1-7) the reaction is complete within 2 hr. Following Gabriel and 
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Stelzner (Ber., 1895, 28, 2929), heating the amine hydrobromide with NaOH aq. (33%) yielded 
a fraction,”b. p. 55—60°, and 5-methoxy-1 : 3-dimethylindole (1 g.) was heated with an excess 
of this base (2 c.c.) in a sealed tube at 120° for 3 hr. The solution was evaporated (b. p. of 
distillate ca. 57°), and the solid residue washed with dil. HCl. The washings were basified 
and shaken with CHCl,, but nothing was extracted; the neutral residue was the unchanged 
physostigmol ether. 

8-Phenoxyethylamine.—This base was described by Schmidt (Ber., 1889, 22, 3256), who 
obtained the hydrochloride by the action of boiling conc. HCl on the phthalamic acid prepared 
from phthalo-f-phenoxyethylimide and alkali. Phthalo-§-phenoxyethylimide (45 g.) was 
boiled under reflux with HBr aq. (180 c.c. of d 1-7) for 15 hr.; H,O (100 c.c.) was added, and 
the solution was filtered from phthalic acid, and evaporated to dryness on a steam-bath. The 
pink residue, consisting largely of B-phenoxyethylamine hydrobromide (Marckwald and Chain, 
Ber., 1901, 34, 1159), was crystallised from a small amount of EtOH and formed colourless short 
needles, m. p., after sintering, 180—190°, 192—193°. 

The colourless base was liberated by NaOH aq. (20%) and extracted with Et,O; picric 
acid in EtOH yielded the picrate, which separated from a small vol. of EtOH in bright yellow, 
rhombic tablets, m. p. 167—169° (Found: N, 15-8. C,H,,ON,C,H,O,N, requires N, 15-3%). 
Schmidt (loc. cit.) records an analysis, butnom.p. The base in EtOH also formed a picrolonate, 
which was moderately sol. in boiling EtOH, and separated, after concn. of the solution, in 
orange-yellow, pointed, flat prisms, m. p. 216—217° (decomp.) (Found: C, 541; H, 46; 
N, 17-2. CgH,,ON,C,gH,O;N, requires C, 53-9; H, 4-7; N, 17-5%). 

5-Methoxy-1 : 2-dimethyl-3-B-phenoxyethylindole-——A solution of -methoxyphenylmethy]- 
hydrazine (5-5 g.) and +y-phenoxypropy! methy] ketone (6 g.) in EtOH (15 c.c.) was heated under 
reflux on a steam-bath for 30 min. With the addition of conc. H,SO, (3 g.) a vigorous reaction 
ensued, and (NH,),SO, was deposited. After a further 20 min. on the steam-bath, the liquid 
was poured into H,O, and the red semi-solid material removed in Et,O, dried over anhyd. 
K,CO,, and distilled in a high vac. The fraction (7-9 g.) of b. p. 215—225°/1 mm. was a straw- 
coloured syrup, which crystallised from MeOH in colourless, shining, long, rectangular plates, 
m. p. 67° (Found : C, 77-0; H, 7:2; N, 4-6. Cj ,gH,,;0O,N requires C, 77-3; H, 7-1; N, 4:7%). 

The Methylation of Some Indole Derivatives.—(i) 5-Methoxy-1 : 3-dimethylindole. A solution 
of physostigmol methyl ether (0-5 g.) in EtOAc (5 c.c.) and Mel (2 c.c.) was heated under reflux 
on a steam-bath for 9 hr.; the residue obtained on evaporation of the solvents was the original 
indole, identified by mixed m. p. In another expt., the compound (1 g.) was heated in a sealed 
tube with MeOH (6 c.c.) and Mel (2 g.) at 100—105° for 2 hr. The non-volatile residue was 
stirred with Et,O, which extracted unchanged material (0-7 g., identity from mixed m. p.); 
the red-brown gummy residue could not be crystallised. 

(ii) 5-Methoxy-1 : 2-dimethyl-3-8-phenoxyethylindole. A solution of this indole (1 g.) in 
EtOAc (10 c.c.) was unchanged by heating with Mel (5 g.) under reflux for 6hr. The compound 
(2 g.) was subsequently methylated by heating in a sealed tube at 100—105° for 5 hr. with 
MeOH (10 c.c.) and Mel (3 g.). A small amount of tar was removed from the boiling solution 
of the product by filtration (charcoal), and the crude material isolated by evaporation of the 
solvents and stirring with Et,O. A light brown solid (1-25 g.) remained, which crystallised 
from EtOH in short rectangular prisms, m. p. 197—200°, unaffected by addition of 5-methoxy- 
1: 2: 3-trimethy]-3-8-phenoxyethylindoleninium iodide. 

-Phenoxy-a-methylbutyric Acid.—Bentley, Haworth, and Perkin (loc. cit.) prepared this 
atl by hydrolysis of the condensation products of phenoxyethyl bromide with ethyl a-aceto- 
propionate or ethyl methylmalonate. In the presen®work, excess of ethyl «-acetopropionate 
(220 g.) and phenoxyethyl bromide (220 g.) in an abs. EtOH solution (550 c.c.) of NaOEt (24 g. 
of Na) were heated under reflux on a steam-bath for 9 hr. The resulting oil was isolated by 
means of Et,O and distilled, and the fraction (180—190 g.) boiling above 130°/13 mm. collected. 
Redistillation of a portion gave ethyl y-phenoxy-a-methylbutyrate as a colourless oil with a faint 
pleasant odour, b. p. 147°/13 mm. (Found: C, 70-1; H, 8-2. C,3;H,,03; requires C, 70-3; 
H, 8-1%). The identity of this ester was confirmed by its prepn. from abs. EtOH (5 c.c.) and 

-phenoxy-a-methylbutyryl chloride (5 g.) (vide infra). The ester was isolated and distilled, 
4 p. 147—148°/14 mm. (4-4 g.) (Found : C, 70-2; H, 8-2%). 

The crude ester (25 g.) from the foregoing process was dissolved in EtOH—NaOH (60 c.c. of 
20%), and heated under reflux on a steam-bath for 30 min. Dilution with H,O (100 c.c.), 
and evaporation of EtOH, gave a clear solution, from which y-phenoxy-«-methylbutyric acid 
(16 g.) was pptd. by dil. HCl. The dried product was recrystallised from light petroleum, and 
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formed colourless, glistening, rectangular plates, m. p. 79—80° (Found: C, 68-0; H, 7:2. 
Calc. for C,,H,,0,: C, 68-0; H, 7-2%). 

In a further expt., ethyl «-acetopropionate (120 g.) and phenoxyethyl bromide (155 g.) were 
condensed in an abs. EtOH solution (250 c.c.) of KOEt (30 g. of K) containing a little Nal 
(2 g.), by heating under reflux on a steam-bath for 18 hr. On working up, a fraction (103 g.), 
b. p. 145—151°/1 mm., was collected; on standing, colourless foliated crystals separated, and a 
further small quantity was obtained as a by-product in the subsequent hydrolysis of the impure 
ester. The solid (total, 9 g.) crystallised from EtOH in shining leaflets, m. p. 97—98°, alone 
or mixed with authentic ethylene diphenyl] ether. 

Phenoxyethyl bromide (40 g.) in EtOH (200 c.c.) was boiled under reflux with KCN aq. 
(36 g. in 60 c.c.) for 4 hr. The solid product remaining after addition of H,O and evaporation 
of EtOH was recrystallised from EtOH and gave ethylene diphenyl ether (9 g.), m. p. 96—98°. 

Phenoxy-a-methylbutyryl Chloride.——The substituted butyric acid (45 g.) was dissolved in 
SOCI, (60 g.) and heated under reflux on a steam-bath until HCl evolution ceased (20—30 min.). 
The acid chloride was isolated by distillation under reduced press. as a mobile colourless liquid, 
b. p. 150—152°/15 mm. (Found: C, 62-2; H, 6-0; Cl, 17-0. C,,H,,;0,Cl requires C, 62:1; 
H, 6-1; Cl, 16-8%). No HCl was evolved when dry H was passed into a solution of y-phenoxy- 
a-methylbutyryl chloride (15 g.) in boiling dry xylene (50 c.c.) containing palladised BaSQ,. 

y-Phenoxy-a-methylbutyramide.—The acid chloride (43 g.) was poured into NH, aq. (150 c.c. 
of d 0-88 and 100 c.c. H,O) and vigorously shaken. The white ppt. (36 g.), recryst. from C,H, 
or EtOH aq., formed tiny rectangular plates, m. p. 102—103-5°, readily sol. in EtOH, EtOAc, 
acetone, and C,H,g, sparingly sol. in H,O and light petroleum (Found : C, 68-3; H, 7-6; N, 7-0. 
C,,H,,O,N requires C, 68-4; H, 7-8; N, 7-3%). 

y-Phenoxy-«-methylbutyronitrile—A solution of the amide (20 g.) in SOCI, (30 g.) was heated 
under reflux on a steam-bath for 30 min. After evaporation of the SOCI, excess, the straw- 
coloured liquid was shaken with Na,CO, aq. and extracted by Et,O, and the extract dried with 
anhyd. K,CO,. By distillation under reduced press., the nitrile (15 g.) was obtained as a 
colourless oil, b. p. 165°/18—20 mm. (cf. v. Braun and Deutsch, Ber., 1911, 44, 3706). 

y-Phenoxy-a-methylbutyraldehyde.—Dry HCl was passed into a suspension of anhyd. SnCl, 
(25 g.) (Stephen, J., 1930, 2787) in purified Et,O (120 c.c.) until separation into two liquid layers 
was complete (1—1-5 hr.). y-Phenoxy-a-methylbutyronitrile (14 g.) in Et,O (30 c.c.) was then 
added with shaking, and the mixture left at room temp. Moisture was rigorously excluded 
throughout the expt., but contrary to Stephen’s experience (J., 1925, 127, 1874) no stanni- 
chloride complex separated, even after 12 hr. The mixture was accordingly heated under 
reflux on a water-bath; a white solid then appeared, and after 5—6 hrs.’ heating, the solution 
was again saturated with HCl. Much of the ppt. remained, and next day the solid (14 g.) was 
collected and warmed with H,O (30 c.c.), whereby a colourless oil was liberated. Its ethereal 
solution was dried (anhyd. Na,SO,) and evaporated; the residue (6-5 g.) possessed a faint 
aromatic odour, gave a cryst. NaHSO, compound, and reacted with phenylhydrazine with 
evolution of heat. Attempted distillation (12 mm.) led to resinification, and the odour of PhOH 
was apparent; even at 100° the aldehyde acquired a reddish tint and became more viscous. 

3-Methyl-3-8-phenoxyethylindolenine (IV).—The crude aldehyde (1 g.) and phenylhydrazine 
(1 mol.; 0-6 g.) were dissolved in boiling EtOH (7 c.c.). The solution was saturated with dry 
HCl at 0°, and later heated under reflux on asteam-bath. A ppt. of NH,Clindicated that ring- 
closure was complete in a few min., and after filtration the reddish solution was evaporated 
under reduced press. The residual thick syrup was stirred with NaOH aq. (15 c.c. of 7%) and 
the greyish amorphous solid collected and washed (H,O). It was dissolved in EtOH (15 c.c.), 
and picric acid (1-5 g.) added to the boiling solution. On cooling, a picrate (1-45 g., equivalent 
to 0-76 g. base, or 54%) separated, m. p. 145—148°. It was recrystallised from EtOH, and 
pure 3-methyl-3-8-phenoxyethylindolenine picrate obtained as bright yellow clusters of elongated 
prisms, m. p. 152—153° (Found: C, 57-7; H, 4:2; N, 11-7. C,,H,,ON,CsH,0,N, requires 
C, 57-5; H, 4:2; N, 11-7%). Decomp. of a specimen of the unpurified picrate by NaOH aq. 
afforded a gummy solid, which dissolved in conc. H,SO, to a pale orange solution, but the amount 
available was inadequate for further investigation. 


The authors thank the Chemical Society for a grant (used for Part VI also); the analyses 
are the work of Mr. F. Hall. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, January 19th, 1933.] 



























274 Synthetical Experiments in the isoFlavone Group. Part VII. 


75. Synthetical Experiments in the isoFlavone Group. Part VII. 
Synthesis of Daidzein. 


By WILSON BAKER, ROBERT Rosinson, and N. M. Simpson. 


THE monoglucoside daidzin was isolated in 1931 by Walz (Amnalen, 489, 118) from the 
bean Soja hispida and found to yield an aglucone, daidzein, C,;H,,O,, which was shown 
to be 7 : 4’-dihydroxyisoflavone (I; R=H). Closely related to daidzin is the glucoside 
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ononin, first isolated from the root of the spring rest-harrow (Ononis spinosa, L.) by 
Reinsch (B. Repert. Pharm., 1842, 26, 12; 28, 18) and examined by Hlasiwetz (Sitzungsber. 
Wien. Acad., 1855, 14, 141; 15, 162; J. pr. Chem., 1855, 65, 419) and Hemmelmayr 
(Monatsh., 1902, 23, 134; 1903, 24, 132; 1904, 25, 555; Ber., 1900, 33, 3538). Ononin 
(probably II and hence C,,H,,O,: the composition has been given as C39H,,0,, and 
C35H_603;) is hydrolysed by acids with formation of formononetin (I; R = Me), which 
in its turn is changed by boiling aqueous baryta into ononetin (III) and formic acid. The 
hydrolysis sequence can be reversed and in this way the glucoside, onospin, of ononetin 
is obtained as the intermediate stage. Formononetin thus bears the relation to daidzein 
that prunetin (probably) bears to genistein and ononin is (probably) the methyl ether of 
daidzin. The first synthesis of the ketone later shown to be identical with ononetin was 
effected by Baker and Eastwood (J., 1929, 2902) by an application of the Hoesch reaction. 
Hemmelmayr had already described the acetylation of ononetin and Wessely and Lechner 
(Sitzungsber. Acad. Wiss. Wien, 1930, 139, 1061) showed that the product has the con- 
stitution (IV; R = Ac) and demonstrated the identity of a specimen from ononin and 
one made from synthetic ononetin; they also prepared the dimethoxymethylisoflavone 
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(IV; R= Me). The latter substance, prepared by a slight modification of Wessely and 
Lechner’s method, has been condensed with benzaldehyde so as to form a dimethoxy- 
styrylisoflavone (V; R= CH°CHPh), which has been oxidised to 7 : 4’-dimethoxyiso- 
flavone-2-carboxylic acid (V; R= CO,H), then decarboxylated and demethylated with 
formation of daidzein. 

The identity of the natural and the synthetic specimen has been proved by a direct 
comparison, rendered possible by the courtesy of Dr. E. Walz, to whom we are greatly 
indebted for specimens of daidzin and daidzein. 

The above method of formation of 2-styrylisoflavones takes advantage of the observ- 
ation of Chakravarti (J. Indian Chem. Soc., 1931, 8, 129) that the faculty of 2-methyl- 
chromones for condensation with aldehydes is not, as has occasionally been suggested, 
inhibited by a methoxyl group in position 7. This represents an important improvement 
in the technique of the synthesis of isoflavones by way of the 2-carboxylic acids (Baker 
and Robinson, J., 1925, 127, 1981; 1926, 2713; 1928, 3115), a method which is still our 
chief resource in this group. 

EXPERIMENTAL. 

7 : 4’-Dimethoxy-2-methylisoflavone (IV; R = Me).—In the prepn. of 7-acetoxy-4’-methoxy- 
2-methylisoflavone (IV; R = Ac) we followed the methods of Baker and Eastwood and of 
Wessely and Lechner (/occ. cit.). The product crystallised from EtOH in quadrilateral plates, 
m. p. 193° (Found: C, 70-7; H, 5-1. Calc. for C,,H,,0,;: C, 70-4; H, 5-0%). 
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The hydrolysis (of 24 g.) was effected by heating on the steam-bath with 50% EtOH (150 
c.c.) containing KOH (12 g.) for 15 min. Yield, 21 g. Stout prisms or plates, m. p. 281° 
after sintering at 277° (Found: C, 72-0; H, 5-0. Calc. for C,,H,,0O,: C, 72-1; H, 5-0%). 
Me,SO, (9 c.c.) was added in 5 portions to a solution of this phenol (20 g.) in KOH (6 g.) and 
H,O (100 c.c.) with stirring; the mixture was then heated on the steam-bath for 10 min. 
Yield, 19 g. The product crystallised from EtOH in flat prisms, subliming at 110° in vac., 
m. p. 167° (Found: C, 72-7; H, 5-5. Calc. for CjgH,,0,: C, 73-0; H, 55%). 

7 : 4’-Dimethoxy-2-styrylisoflavone (V; R = CH:CHPh).—Benzaldehyde (7 g.) was added 
to a mixture of 7: 4’-dimethoxy-2-methylisoflavone (15 g.), EtOH (110 c.c.), and NaOEt 
(from 1-25 g. Na), and the whole refluxed for 2 hr. After 12 hr., the yellow ppt. (14 g.) was 
collected, dried, and crystallised from EtOH, forming pale yellow, microscopic, elongated 
prisms, m. p. 197—198° after sintering 3° lower (Found: C, 78-4; H, 5-4. C,;H» 0, requires 
C, 78:1; H, 53%). The substance exhibits the properties of its type and the solution in conc. 
H,SO, fluoresces greenish-yellow. 

7 : 4’-Dimethoxyisoflavone-2-carboxylic Acid (V; R = CO,H).—A solution of KMnO, (6-33 
g.) in H,O (200 c.c.) at 25° was added in 4 portions to one of the dimethoxystyrylisoflavone 
(5 g.) in C;H,;N (200 c.c.) initially at 25° and kept below 40°. When all the KMnO, was 
reduced (about 10 min.), SO, was passed until the ppt. was white; the filtered solution was 
then concentrated in vac. until cloudiness appeared. Excess of dil. HCl was added, and the 
warm solution immediately extracted with a large vol. of EtOAc. The acid was rendered to 
Na,CO, aq. from the org. layer and recovered by acidification. Benzoic acid was extracted 
from the ppt. by means of Et,O and the new acid (yield, 0-62 g.) crystallised from EtOH in 
long colourless prisms, m. p. 243° (decomp.) (Found: C, 66-5; H, 4-4. C,,H,,O, requires C, 
66-3; H, 43%). This acid is moderately readily sol. in hot EtOH; it develops a lemon- 
yellow coloration in contact with conc. HCI. 

7: 4’-Dimethoxyisoflavone (O-Dimethyldaidzein).—7 : 4’-Dimethoxyisoflavone-2-carboxylic 
acid (0-6 g.) was kept at about 250° for 20 min. or until CO, was no longer evolved, and the. 
residue was crystallised from EtOH (charcoal) (yield, 0-41 g.). The irregular colourless plates 
obtained had m. p. 155° (Found: C, 72-4; H, 5-0. Calc. for C,,H,,0O,: C, 72:1; H, 5-0%). 
Walz (loc. cit.) records the m. p. 154° for the substance prepared from daidzein. 

7 : 4’-Dihydroxyisoflavone (Daidzein) (I; R = H).—A mixture of the dimethyl ether (0-2 g.), 
phenol (0-2 g.), and HI aq. (10 c.c. of b. p. 127°, d 1-7) was refluxed (bath at 150—160°) for 2 
hr. The product (0-16 g.) obtained on addition of H,O crystallised from EtOH in colourless 
microscopic needles which darkened at 300° and melted with slight decomp. at 312—320°. 
Recrystn. from 50% EtOH gave clusters of faintly yellow prisms, m. p. 315—321° (Found : 
C, 70-3; H, 4:2. Calc. for C,;H,,0O,: C, 70-9; H, 40%). Like many other hydroxylated 
flavones and isoflavones, the substance is difficult to obtain entirely solvent-free. 

Walz (loc. cit.) cites the same properties, that is, darkening at 300°, m. p. 315—320°, for the 
pale yellow prisms of natural daidzein, cryst. from 50% EtOH. The natural and the synthetic 
specimen exhibited no divergences in respect of m. p., mixed m. p., and colours in dil. NaOH 
aq. and conc. H,SO,. 

The diacetyl derivative prepared from the synthetic substance crystallised from EtOH in 
pearly-white plates and needles, m. p. 181° (Walz, Joc. cit., m. p. 182° for nat. product). The 
m. p. was not depressed on admixture with a specimen prepared from daidzin by hydrolysis, 
acetylation and crystn. of the product from EtOH. The cryst. forms of the two specimens of 
the diacetate were observed to be identical when examined microscopically. 
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Interpretation of J. S. Buck's Experiments on the Synthesis of 
So-called 1: 2-Dihydropapaverine. 

By P. C. Younc and RoBERT RoBINsoN. 


THE contrast between the relative ease of ring-closure by dehydration in the system (I) 
and the difficulty experienced in bringing about analogous reactions in (II) is all the more 
striking in that the carbony] in the former case is deactivated by union with a nitrogen atom. 
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We have made numerous further trials with the object of realising the synthesis 
of 1: 2-dihydroisoquinolines and it will be conceded that the cases selected were the 
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most favourable possible; the nitrogen was tertiary, the nucleus was activated in the 
o-position, and the carbonyl was that of an aldehyde group in one case and of a phenyl 
ketone in another. 

The ring-closure of (III) and (IV) under a variety of conditions did not proceed smoothly 
and desired products such as (V) and (VI) could only be isolated in small yield. Further 
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comment on these experiments, which are recorded in the experimental section, is 
unnecessary. 1 : 2-Dihydrozsoquinolines in the berberine and cryptopine series have been 
extensively studied by Perkin (J., 1916, 109, 815) and found to exhibit interesting trans- 
formations. Apart from these researches, little is known of their properties and, as shown 
below, the supposed 1 : 2-dihydropapaverine is probably 3: 4-dihydropapaverine; the 
use of the former name should be discontinued. 

J. S. Buck (J. Amer. Chem. Soc., 1930, 52, 3610) treated homoveratroyl-w-amino- 
acetoveratrone (VII) with phosphoryl chloride and regarded the product as (VIII). The 
compound considered to be (VIII) was hydrogenated in the presence of a very active 
platinum—palladium catalyst to a substance formulated as (IX). It is significant that in 
regard to (VIII) and (IX) the following comment was made (loc. cit.) : ‘‘ No derivatives 
of the carbonyl or hydroxyl groups were isolated and the basic properties are so sup- 
pressed that the bases form no well-defined salts. Indeed (IX) may be recrystallised 
unchanged from fairly strong hydrochloric acid.” 

It is very improbable that the basic properties of a substance of the constitution (IX) 
would be so feebly developed. A further improbability is the assumed direction of the 
initial facile condensation, because the nucleus is rendered less vulnerable by its union 
with a carbonyl group. The substance formulated as (IX) gave the alleged 1 : 2-dihydro- 
papaverine (X) on treatment with phosphorus pentachloride in a cold chloroformic 
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medium. The base (X) was undoubtedly a dihydropapaverine, because it furnished 
papaverine on catalytic dehydrogenation. 
In 1907—8, one of us in collaboration with the late Professor W. H. Perkin, jun., 
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attempted the synthesis of papaverine * by the above method, but it was soon found 
that the dehydration of (VII) with a variety of reagents afforded a very feeble base, 
crystallising from benzene-light petroleum in slender colourless needles, m. p. 116°, giving 
violet fluorescent solutions in neutral organic solvents. This substance, evidently iden- 
tical with the compound (VIII) of Buck, was not further examined, but analogous work 
was instituted with more accessible material and a general synthesis of oxazole derivatives 
from keto-amides, R-CO-CH,*NH°COR, was developed (J., 1909, 95, 2167; 1912, 101, 
1297; 1913, 103, 1768). From its method of formation and properties there can be no 
doubt that the substance hitherto considered to be (VIII) is in reality 5-veratryl-2-homo- 
veratryloxazole (XI). In order to explain the ultimate synthesis of papaverine in Buck’s 
experiments it is necessary to recognise that (XI) is catalytically reducible to homo- 
veratro-8-veratrylethylamide (XII) (Pictet and Finkelstein, Ber., 1909, 42, 1979), and the 


OMe OMe OMe OMe 
OMe OMe OMe Me 


H; 


H, H, H, 
CH CO C 
MeO ‘H Me Nn Meo’) \NH = Me’ \’ \w 
MeO! XH Me | Je MeO H, Me H, 
H C H, H, 


(X.) (XI.) (XII.) (XIII.) 


m. p. and other properties of the substance (IX) as recorded by Buck (loc. cit.) are in 
complete agreement with this deduction. This is an indication of the existence of a° 
general method which may have many useful applications. 

Finally the ring-closure to an isoquinoline derivative occurs in the last stage (XII —> 
XIII) and not in the first as suggested by Buck. The conditions are remarkably mild 
and this is a second interesting point emerging from these experiments and their new 
interpretation. We have confirmed this stage of the processes using homoveratroveratryl- 
ethylamide made by Pictet and Finkelstein’s method. The 1 : 2-dihydropapaverine of 
Buck is therefore the known 3: 4-dihydropapaverine (Pictet and Finkelstein, loc. cit. ; 
Buck, Haworth, and Perkin, J., 1924, 125, 2183); but it should be noted that Buck has 
obtained this base in a pure crystalline form, whereas previously it was only known as a 
yellow oil. Some minor discrepancies in regard to the derivatives of the base may 
originate in the varying degrees of purity of the specimens. Buck (loc. cit.) stated that 
his supposed 1 : 2-dihydropapaverine gave a different oxidation product from that pre- 
viously obtained from 3 : 4-dihydropapaverine; significant divergence does not appear, 
however, in the published descriptions, for example, m. p. 187° against 190—191°. 


EXPERIMENTAL. 


Preparation of Some Secondary Bases.—The following expts. have been carried out by 
Mr. J. C. Resuggan and most of the analyses are the work of Mr. F. Hall. It has been found 
that the electrolytic reduction of many Schiff bases proceeds smoothly and that the method is 
preferable in most cases to the alternatives (cf. Knudsen, Ber., 1909, 42, 3994). 

Benzylethylamine was prepared in the following manner. Anhydr. EtNH, (2 mols., 4-2 g.) 
was added slowly with shaking to benzaldehyde (5 g.), dissolved in MeOH (25 c.c.) and cooled 
in ice, and the whole kept for 3 hr. Dil. H,SO, (160 c.c., 10% by wt.) was added, and the 
solution reduced at a Pb cathode for 5 hr. at a current density of 0-02 amp. /sq. cm. at 12—15°. 
4-5 G. of benzylethylamine (70% of theo.), b. p. 198°/750 mm., were isolated by means of Et,O. 


* This was ultimately effected by the use of a method identical in principle (but different in some 
experimental detail) with that of Pictet and Gams (Ber., 1909, 42, 2943). The synthesis was not pub- 
lished on account of the anticipation by Pictet and Gams and also because our work was incomplete 
to the extent that the penultimate product of the synthesis was not obtained in a crystalline condition. 
—R. R. 
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The following secondary amines were prepared similarly : Anisylmethylamine, b. p. 228°/ 
755 mm.; hydrochloride, m. p. 168° (cf. Tiffeneau, Bull. Soc. chim., 1911, 9, 825) (Found: N, 
7-4. Calc. for CgH,;,ON,HC1: N, 7°5%). Yield, 85%. p-Toluenesulphonamide, plates from 
EtOH, m. p. 85° (Found: N, 4:6. C,gH,,0,;NS requires N, 4-5%). 

Piperonylethylamine, b. p. 128°/1 mm.; yield, 72% (Andree, Ber., 1902, 35, 420); hydro- 
chloride, m. p. 200° (Found: C, 56-1; H, 6-5; N, 6-2. Calc. for CjH,,O,N,HCI: C, 55-8; 
H, 6-5; N, 65%). p-Toluenesulphonamide, plates from EtOH, m. p. 108° (Found: N, 4-1. 
C,,H,,0,NS requires N, 4:2%). 

Vanillylethylamine, prisms from C,H,, m. p. 101° (Found: C, 66-3; H, 8-3; N, 7-6. 
C,9H,,;0,N requires C, 66-3; H, 83; N, 7-7%). Yield, 70%. Di-p-toluenesulphonamide, 
prisms from EtOH, m. p. 108° (Found: N, 2-8. C,,H,,0,NS, requires N, 2-8%). 

o-Vanillylmethylamine, prisms from C,H,, m. p. 89° (Found: C, 64:5; H, 7:7; N, 8-3. 
C,H,,0,N requires C, 64:7; H, 7-8; N, 83%). Yield, 70%. p-Toluenesulphonamide, flat 
prisms from EtOH, m. p. 115° (Found: N, 4:6. C,gH,,0,NS requires N, 4-3%). 

o-Vanillylethylamine, prisms from C,H,, m. p. 76° (Found: C, 66-0; H, 8-3; N, 7:5. 
C,9H,;0O,N requires C, 66-3; H, 8-3; N, 7-7%). Yield, 80%. 

The physiological properties of some of these bases, especially the o-vanillylalkylamines, 
have features of interest which will be reported in another place. 

Benzylmethylamine was prepared from benzaldehyde and methylamine as above and in a 
similar manner from benzylamine (5 g.) and CH,O aq. Yield, 4 g.; b. p. 184°/759 mm. 

Homopiperonylmethylamine, CH,O,:C,H,-CH,-NHMe.—In the prepn. of this base no advan- 
tage was conferred by the isolation of pure piperonylidenemethylamine as an intermediate 
stage. NH,Me (5 g.) in EtOH was added to piperonal (20 g.) in EtOH (50 c.c.) and, after 
being kept at 0° for 48 hr., the solution was mixed with 10% H,SO, aq. (600 c.c.) and reduction 
effected as in Mr. Resuggan’s expts. Yield, 16 g.; b. p. 95—126°/0-1 mm. The base was 
purified through its hydrobromide, colourless prisms, m. p. 186—186-5°. Other salts are: 
hydrochloride, colourless plates from EtOH, m. p. 188-5°; hydrogen oxalate, plates from 
EtOH, m. p. 176°, or needles from EtOH-Et,O, m. p. 177°; neutral oxalate, prisms from 
EtOH, m. p. 202-5° (decomp.), also needles from EtOH-—Et,O; picrate, yellow needles or 
prisms from EtOH, m. p. 153-5°; quaternary methiodide, plates from EtOH, darkens at 
223°, m. p. 226° (decomp.) (cf. Andree, Joc. cit.). 

Phenacylhomopiperonylmethylamine (III).—When homopiperonylmethylamine (4-7 g., 2 
mols.) in Et,O (20 c.c.) was added to phenacyl bromide (2-9 g., 1 mol.) in Et,O (20 c.c.), a 
ppt. of CH,O,°:C,H,-CH,-NH,MeBr was quickly deposited; after 48 hr., the solid weighed 3-2 g. 
(m. p. 186°), and picric acid (5 g.) in the minimum of acetone was added to the filtrate. The 
picrate was pptd. by Et,O and crystallised from EtOH in yellow cubes (4-09 g.), m. p. 146— 
147° (approx.) (Found: C, 54:0; H, 40; N, 11-0. C,3;H,,0,)N, requires C, 53-9; H, 3-9; 
N, 10-9%). The base was rendered to Et,O from the picrate and NaOH aq. and could be 
distilled (0-1 mm.) but not crystallised; it afforded the original picrate and also a hydro- 
bromide, small rods and leaflets from EtOH-Et,O, m. p. 194°, an oxalate, m. p. 138-5—141°, 
and a methiodide, rectangular plates from EtOH, m. p. 166°. 

6 : 7-Methylenedioxy-4-phenyl-2-methyl-1 : 2-dihydroisoquinoline (V).—The dehydration of 
the phenacyl derivative by P,O, gave uncrystallisable bases and salts thereof, and unmanage- 
able mixtures were produced by POC]. 

80% H,SO, aq. saturated with HCl, at various temps. and during various times led to the 
production of an amorphous solid, pptd. as the chief product by H,O. The acid filtrate, 
however, basified and extracted with Et,O, afforded a base, of which the dimorphous picrate 
crystallised from EtOH in feathery needles or felted, long, flexible, yellow needles, m. p. 186— 
187° (Found: C, 56-2; H, 3-3; N, 11-3. C,3H,gO,N, requires C, 55-9; H, 3-6; N, 11-3%). 
The needles appear to consist of a labile form, changing to more compact needles or plates, 
m. p. 186—187°. In some expts. using 80% H,SO, (+ HCl), a colourless base, m. p. 146° 
(Found: C, 71-8; H, 6-0; N, 5:1%), was isolated. The analysis is difficult to interpret 
(C,gH,,0,N requires C, 71-4; H, 5-6; N, 5-2%; hence phenacylhomopiperonylamine ?); the 
picrate had m. p. 182° (decomp.), and, mixed with that already described (m. p. 186—187°), 
174°. When the phenacylhomopiperonylmethylamine was heated with conc. HCl on the 
steam-bath, a small quantity of the base yielding the picrate of m. p. 186—187° was isolated. 
The main product was an unidentified white solid, sparingly sol. in dil. HCl but readily in 
conc. HCl. 

Homopiperonylmethylaminodiethylacetal (IV).—A mixture of homopiperonylmethylamine 
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(20-0 g.) and bromoacetal (13-4 g.) was gradually heated to 100° and kept at this temp. for 
lhr. EtOAc (10 c.c.) was then added, and the mixture refluxed for several hrs., cooled, and 
filtered. The homopiperonylmethylamine hydrobromide was weighed (the amount was usually 
about 90% of that corresponding to 10 g. base) and from this the HBr necessary to ppt. 
unreacted secondary base was calculated and added to the filtrate. The solution filtered from 
the hydrobromide was concentrated and distilled; final b. p. 141° (approx.) /0-l1mm. The 
colourless oil was the required tertiary base and formed almost quantitatively a characteristic 
methiodide, colourless plates from Ac,O, m. p. 153° (Found: C, 45-6; H, 62; N, 3-1. 
CygH,,0,NI requires C, 45-4; H, 6-2; N, 3-3%), readily sol. in hot EtOH and moderately 
readily in the cold solvent. 

The methochloride, obtained from AgCl and the iodide in H,O, crystallised from EtOH- 
Et,O in colourless plates, m. p. 171—172°. 

The dimethylacetal, b. p. 138°/0-1 mm., was prepared in similar fashion (Found: C, 61-5; 
H, 7-5; N, 5-7. C,3;H,,0,N requires C, 61-7; H, 7-5; N, 55%). 

Cyclisation of Homopiperonylmethylacetalylamines.—The action of AcOH-conc. HCl on the 
diethylacetal in a solution heated to 40° and then kept for 14 hr. furnished a base, the meth- 
iodide of which had m. p. 216—218° (Found: C, 41-2; H, 4-7; N, 3-8. C,,H,,O,;NI requires 
C, 41:3; H, 46; N,4-0%). The base is therefore an aldehyde, CH,O,:C,H,-CH,-NMe-CH,°CHO, 
or the related 4-hydroxytetrahydroisoquinoline (VI); the crude substance affords a red p-nitro- 
phenylhydrazone, m. p. 191—196° (decomp.). 

Conc. HCl alone gave similar results; anhydr. H,C,0, was also tried but without 
success. 

Homopiperonylmethylaminodiethylacetal (6-9 g.) was treated with POCI, (10 c.c.) in CS, 
and when the initial reaction subsided the mixture was refluxed for 3-5 hr. After appropriate 
treatment the bases were isolated by Et,O extraction from a strongly alkaline solution. The 
first extract gave 2-3 g. of a colourless oil, b. p. 136—138°/3—4 mm. (black residue, 3-7 g.) 
(the combined later extracts gave 0-45 g. of basic oil; picrate, m. p. 185° with decomp.). The 
oil afforded a sticky methiodide and oxalate, m. p. 163—170°, and was obviously a mixture * 
of bases. The picrates were fractionally crystallised, the oil (1-6 g.) and picric acid (2 g.) 
furnishing 2-5 g. of crude salts by pptn. with Et,O from acetone soln. From EtOH (50 c.c.) a 
crop (A, 1-6 g.) of lemon-yellow pointed prisms, m. p. 145—149°, was followed by one of 
0-68 g., m. p. ca. 120°, later divided into (B) (0-1 g.), diamond-shaped prisms, m. p. 185—186° 
(decomp.), and (C) needles, m. p. 147—148° with softening at 144°. Fractional crystn. of (A) 
gave 5 crops of m. p.’s 155—156°, 149—151°, 150—152°, 150—152-5°, 149—151°, mixtures of 
which had undepressed m. p.’s; but mixed with homopiperonylmethylamine picrate (m. p. 
151°), the m. p. was below 120°. 

Mixtures of (B) and (C) had m. p. 148—149°; (A) and (B) softened at 148°, m. p. 170° 
(decomp.); (A) and (C), m. p. below 134°. 

Analysis and other investigations indicated that (A) and (B) were almost pure substances 
but (C) was probably a mixture. 

(A) crystallised from acetone in well-defined pointed prisms, m. p. 153—155° (Found: C, 
49-2; H, 4-4; N, 12-0. C,H, 0, )N, requires C, 49-1; H, 4:3; N, 121%). This picrate is 
therefore derived from a base, C,;H,,03N, which is the original acetal less C,H,O and probably 
6 : 7-methylenedioxy-4-ethoxy-2-methyltetrahydroisoquinoline. 

(B) is much more sparingly sol. in EtOH and acetone than (A) (Found: C, 46-8; H, 3-7; 
N, 13-1. C,,H,0,,N, requires C, 46-8; H, 3-7; N, 128%). The composition is thus C,H, 
less than that of (A) and most probably the salt is 4-hydroxy-6 : 7-methylenedioxy-2-methyl- 
tetrahydroisoquinoline picrate (picrate of V1). 

The composition of (C) approximates to that of (B) (Found : C, 45-7; H, 3-6%). 

Homopiperonylmethylaminodimethylacetal (3-9 g.) was heated on the steam-bath with 
10% HClagq. for l hr. Colourless crystals separated (1-5 g.) and the salt crystallised from hot 
H,0 in clusters of long, pale yellow prisms, m. p. 256° (decomp.) after softening and darkening 
from 235° (Found: Cl, 14-8; N, 6-1. C,,H,,;0;N,HCl requires Cl, 14-6; N, 5-8%). This 
salt is very sparingly sol. in acetone and EtOAc and moderately readily sol. in hot EtOH; it 
does not give a satisfactory picrate and is clearly not the hydrochloride of the base of which 
(B) (POCI, expts. above) is the picrate. The salt is not quaternary and the base obtained 
from it does not react with p-nitrophenylhydrazine. It is proposed to make a further study 
of the reaction. 

The action of Ac,O-H,SO, and of conc. HCl on the methiodide and the methochloride of 
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the basic acetals has been investigated and cryst. products isolated, but in such small yield 
that the work was abandoned. 


The authors are grateful for the assistance of a Salters’ Institute of Industrial Chemistry 
Fellowship awarded to one of them. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, January 30th, 1933.] 





77. Preliminary Synthetic Experiments in the Morphine Group. 
Part V. Completion of the Synthesis of a Laudanosoline Dimethyl 
Ether related to Sinomenine. 

By RoBERT ROBINSON and SHIGEHIKO SUGASAWA. 


THE object of this investigation is sufficiently explained in Part I (J., 1931, 3164). The 
base (I), which is possibly profosinomenine, has now been characterised and analysed in 
OMe the form of a picrolonate. Experiments on the possible transform- 

ation of the base into dl-sinomenine are in progress. 
H We are gratified that Prof. C. Schépf has indicated (Annalen, 
1932, 497, 22, 47, 59) his intention to work along the lines laid 
H 1 down in Part I of this series. It is highly probable that only a 
2 () fortunate and partly fortuitous discovery will reveal the appropri- 
H ate conditions for the transformation of laudanosine-types into 
MeO NMe bases containing a morphine-like nucleus ; therefore we welcome 
HO ‘H, efforts by other workers to realise our biogenetic schemes in 

H, practical synthesis. 


w-Nitro-3-benzyloxy-4’-methoxystyrene.—The prepn. (/oc. cit.) has been improved. NH,Me,HCl 
(0-2 g.) and dry Na,CO, (0-2 g.) were added to a cold solution of O-benzylisovanillin (10 g.) and 
MeNO, (3 g.) in EtOH (100 c.c.), and the mixture kept for 3 days with occasional shaking. The 
yellow cryst. product, collected and washed with H,O (10 g., m. p. 124—125°), was sufficiently 
pure for the next stage effected as described in Part I. 

6- Benzyloxy-7- methoxy - 1- (3’- benzyloxy - 4’- methoxybenzyl) -3 : 4- dihydroisoquinoline.—The 
cyclisation of O-benzylhomoisovanillo-B-(3-benzyloxy-4-methoxyphenyl)ethylamide, previously 
attempted unsuccessfully, has now been effected by the method of Gulland and Haworth and 
their collaborators (J., 1928, 581, 1132, 1834, 2083; 1929, 658; 1931, 2872, 2881, 2885, 2893; 
cf. Kondo and Ishiwata for a case in which Ph-CH,-O was present in the molecule, Ber., 1931, 
64, 1533) depending on the use of PCl, in CHCl,. When a mixture of dibenzylated amide (4 g.), 
CHCl, (40 c.c.), and PCI, (8 g.) was kept for 4 days, yellow clustered needles of the condensation 
product separated. The POCI, and PCl, were decomposed by addition of ice, and the CHCl, 
evaporated in vac. below 40°. The aq. layer was decanted from a dirty yellow solid, which was 
dissolved in hot EtOH (20 c.c.) and 2N-HC1 (10 c.c.) added to the solution. On cooling, two 
layers separated : crystn. could be induced with difficulty in the upper layer, which was cooled 
in a freezing mixture; inoculation then facilitated slow crystn. from the lower layer also. The 
hydrochloride (3-5 g.), after being washed with HCI-EtOH agq.., crystallised from the same solvent 
in slender clustered needles, m. p. 148—150° (Found in material dried in vac. over H,SO,: 
C, 72-3; H, 6-2; N, 3-0; Cl, 6-9. C,,H;,0,N,HCI requires C, 72-5; H, 6-0; N, 2-6; Cl, 7-0%), 
readily sol. in EtOH but sparingly sol. in H,O. 

The free base crystallised from EtOH-light petroleum in colourless needles, m. p. 105— 
110°; it was readily oxidisable and difficult to keep (Found in material dried at 50°: C, 75-2; 
H, 7-0; in material dried at 60°: C, 76:8; H, 6:8; N, 3-1; in material dried at 110°: C, 77:8; 
H, 6-7; N, 2:2. C3,;H3;,0,N,H,O requires C, 75-2; H, 7-0; N, 2-7. C33H,,0,N,0-5H,O requires 
C, 76-4; H, 7-0; N, 2-7. C33H3,0,N requires C, 77-8; H, 6-9; N, 28%). 

The methiodide was prepared from crude base which was isolated by means of Et,O from a 
mixture of the hydrochloride in EtOH and 10% KOH aq., MeOH was used as diluent, and the 
formation of the methiodide was complete after 6 hrs.’ refluxing. The salt crystallised from 
MeOH in yellow prisms, m. p. 198—200° after sintering at 163—164° (Found: C, 61-0; H, 
5-4; N, 2-2; I, 20:2. C,,;H,,0,NI,0-5H,O requires C, 61-5; H, 5-4; N, 2-2; I, 19-7%). 
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6-Benzyloxy-7-methoxy-1-(3’-benzyloxy - 4’- methoxybenzyl) -2-methyl-1: 2:3: 4-tetrahydroiso- 
quinoline.—The last-described methiodide (1-5 g.) was converted into the methochloride, a yellow 
gum, by means of AgCl. This was dissolved in EtOH (20 c.c.) and reduced by shaking with H 
after addition of a PtO,—Pt catalyst (60 c.c. H absorbed in 30 min.; theory for 2H, 53 c.c.). 
The filtered liquid was concentrated in vac. and the amorphous residue was dissolved in the 
minimum of EtOH and added to 10% KOH aq. and much Et,O. The Et,O solution after 
evaporation afforded a pale yellow syrup (1-5 g.), which was dissolved in a little warm 60% 
MeOH and kept in the ice-chest. Pale yellow crystals (1-0 g., m. p. 85—87°) separated: the 
base, recryst. from EtOH aq., formed aggregates of colourless needles, m. p. 96—97° (Found : 
C, 76°8; H, 68; N, 3-1. C,,H,,0,N requires C, 77-8; H, 6-9; N, 2-8%). The low value for C 
is attributed to some loss of benzyl from the benzyloxy-groups; this has a very large effect. 

6-H ydroxy-7-methoxy-1-(4’-methoxy-3’-hydroxybenzyl)-2-methyl-1 : 2 : 3 : 4-tetrahydroisoquinol- 
ine (1).—Conc. HCl (5 c.c. sat. at 0°) was slowly added to a solution of the O-dibenzyl-O-di- 
methyl-laudanosoline (1-0 g.) in AcOH (50 c.c.) heated on the steam-bath. After 30 min. the 
liquid was boiled over a gauze for a few min., the ACOH then evaporated in vac., and the residue 
several times taken up in EtOH and evaporated in vac. In this way the hydrochloride was 
obtained as a yellow solid readily sol. in H,O and EtOH but not crystallisable. The picrolonate 
was prepared in EtOH, separating slowly from a hot solution; it was recryst. from EtOH—AcOH 
(3: 1) in yellow spindle-shaped crystals, m. p. 177—178° after sintering at 170—171° (Found : 
C, 58°5; H, 5-4; N, 11-9. Cy gH,,30,N,C,gH,O;N, requires C, 58-7; H, 5-2; N, 11-8%). This 
characteristic derivative is sparingly sol. in EtOH and readily sol. in hot AcOH. 

The perchlorate crystallised from H,O, containing a little EtOH, in colourless prisms, m. p. 
107—108° with vigorous decomp., after sintering at 97—98°. 

6-H ydroxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-2-methylisoquinolinium Chloride.— 
The related phenol-betaine, already described (Part I, loc. cit.), was obtained as before by the 
action of Ba(OH), aq. on 6: 7-dimethoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-2-methyliso- 
quinolinium methosulphate, but it was found advantageous to treble the volume of H,O pre- 
scribed. The phenol-betaine (1 g.), suspended in EtOH (10 c.c.), was mixed with conc. HCl 
(ca. 1 c.c.) and H,O (3 c.c.); the clear solution obtained on heating deposited the methochloride 
(0-9 g.) on long keeping in light yellow, rhombic prisms, m. p. 241—242° after sintering at 238° 
(Found: C, 68-7; H, 6-0; N, 3-1; Cl, 8-3. C,gH,.0,NCl requires C, 69-1; H, 5-8; N, 3-1; 
Cl, 7-9%). 

6-H ydroxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-2-methyl-1 : 2 : 3 : 4-tetrahydroiso- 
quinoline.—A solution of the foregoing methochloride (0-7 g.) in 90% EtOH (30 c.c.) was shaken 
with H in presence of PtO,—Pt and 70 c.c. were absorbed in 30 min. (theory for 2Hg, 69 c.c.). 
The filtered liquid was evaporated in vac., the residual hydrochloride dissolved in 1% KOH agq., 
and the solution saturated with KHCO,, which pptd. the base (0-5 g.).. This substance crystal- 
lised from EtOH aq. as aggregates of colourless needles, m. p. 52—54° after keeping in vac. over 
P,O, (Found: C, 74:0; H, 7-1; N, 3-4. C,gHg0,N requires C, 74:4; H, 6-9; N, 3-3%). The 
base is freely sol. in CgH,g, CHCl],, EtOAc, acetone, and EtOH, not so readily sol. in Et,O; it 
becomes light yellow on exposure to air. 

On debenzylation, as described above for the dibenzyl ether, the laudanosoline dimethyl 
ether, considered to be protosinomenine, was produced. The diphenolic base was isolated as 
picrolonate, which crystallised from EtOH-—AcOH in yellow spindles; m. p. 177—178° (sintering 
from 170°), alone or mixed with the specimen obtained by the alternative process. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, February 9th, 1933.] 





78. Freezing Points of Solutions of Nitrobenzene in Benzene and 
cycloHexane, and their Relations to the Electrical Polarisation. 


By Lee G. Davy and NEviL V. SIDGWICK. 


THE phenomenon of dipole association, the change of molecular polarisation with con- 

centration which many polar substances show in non-polar solvents (see, ¢.g., Debye, 

“ Polar Molecules,” 1930, p. 47; Errera, Z. physikal. Chem., 1928, 138, 332; Leipziger 

Vortrige, 1929, pp. 27, 109; Smyth, “ Dielectric Constant and Molecular Structure,”’ 

1931, p. 180), is particularly marked with nitrobenzene, for which the polarisation is five 
U 
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times as great at infinite dilution as in the pure liquid. Its cause is still obscure; it may 
be due to an orientation of the separate polar molecules under the influence of their 
mutual attractions, or to their combination, through true chemical links or otherwise, to 
polymerides of lower or zero moment. To investigate this effect, it is desirable to compare 
it with that of the concentration on the molecular weight as determined cryoscopically. 
This comparison was made by Hdéjendahl (“‘ Studies of Dipole Moment,’”’ Copenhagen, 
1928, p. 33), but both his electrical and his cryoscopic data were rather limited; he 
quotes only the freezing-point data of Beckmann in 1888 (Z. physikal. Chem., 2, 734) and 
the polarisation values of Lange (Z. Physik, 1925, 33, 169). 

We have therefore re-examined the freezing points of nitrobenzene in benzene and in 
cyclohexane, and compared the apparent association as calculated from these data with 
that deduced from the polarisation data now available. 


EXPERIMENTAL. 


Purification of Materials :—Nitrobenzene. This was made from thiophen-free C,H,, which 
was nitrated below 40° (Sidgwick and Ewbank, J., 1924, 125, 2268). It was distilled under 


Fie. 1. 
Apparent association, a, of nitrobenzene in benzene and cyclohexane from cryoscopic measurements. 
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For benzene solutions. @ = Beckmann; © = Davy and Sidgwick; x = Dahms. 
For cyclohexane solutions. -+- = Davy and Sidgwick. 


reduced press. below 100°, and then repeatedly frozen out until the f. p.’s of solid and mother- 
liquor were within 0-06° of one another. 

Benzene. A thiophen-free specimen was frozen out five times. After nine-tenths was 
frozen, the remaining liquid froze 0-2° below the solid. 

cycloHexane. Eastman’s “ specially purified ’’ material was frozen out until the difference 
of f. p.’s was reduced to 0-4°. 

Method of Experiment.—A modified Beckmann’s apparatus was used, with an electromagnetic 
stirrer. With a const. rate of stirring a const. degree of supercooling could be got, which was 
about 0-15° for C,H.,, and much less, about 0-05°, for cyclohexane. It was easy to get sharp 
and reproducible f. p.’s with both solvents. The effect of moisture was eliminated by adding a 
little P,O, in every expt. To show that this had no action on the PhNO, used, the f. p. of a 
solution in C,H, was measured in presence of the P,O,, and after the solution had stood over- 
night was found to be unchanged. For the more dil. solutions, a Beckmann thermometer was 
used, and for more conc., a 0-1° thermometer which was calibrated at the f. p.’s of H,O and 
C,H. 
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The agreement of our results in C,H, at the lower concns. with those of Beckmann (loc. 
cit.) is so close that it seemed unnecessary to use more conc. solutions. After the work was 
finished, we found another series of measurements by Dahms (Ann. Physik, 1895, 54, 496) 
which seem to have been generally overlooked; they are in good agreement with Beckmann’s 
and our own.* 

For calculating the mol. wts. we have used Jones and Bury’s value (J., 1925, 127, 1949) of 
5-23 for 1 mol. in 1000 g. of solvent, and for cyclohexane 20-0 (the values given in I.C.T. are 
from 20-0 to 20-3). 

Results—These are given in Tables I and II, and plotted in Fig. 1. Concns. are expressed 
in mols./l., since the object is to calculate the association const. In the tables, col. 1 gives 
the concn., col. 2 the obs. depression, and col. 3 the apparent mol. wt. If we make the 
simplest assumption, that the increase shown in col. 3 is due to a definite polymerisation of 
the PhNO, to double molecules, then if x is the fraction of single molecules polymerised, the 
number of solute molecules is reduced in the ratio 1: (1 — 7/2), so that Mgaic,/Mons, = (1 — */2), 


Fic. 2. 


Apparent association of nitrobenzene in various solvents. Fuli curves from polarisation measurements ; 
broken curves from cryoscopic measurements. 
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or * = 2(Mobs. — Meaic.)/Mobs.. The values of x calculated on this hypothesis are given in 
col. 4, and are plotted in Fig. 2. 

Measurements of Polarisation.—The mol. polarisation of PhNO, has been measured in 
C,H, by Lange (Joc. cit.; 24°), Hassel and Uhl (Z. physikal. Chem., 1930, B, 8, 199; 18-4°), 
Bergmann, Engel, and Sandor (ibid., B, 10, 412; 20-7°), Pal (Phil. Mag., 1930, 10, 265; 27°), 
Wehrle (Physical Rev., 1931, 37, 1135; 25°), and Tiganik (Z. physikal. Chem., 1931, B, 18, 
440; 20°): in CCl, by Pal (/oc. cit.); and in hexane and CS, by Williams and Ogg (J. Amer. 
Chem. Soc., 1928, 50, 98; 20°). The values obtained by different observers for P, (i.e., 
P, , 9 at infinite dilution, Py being taken as 32-7 c.c.), when corrected to 25° on the assumption 
that the polarisation is inversely proportional to the abs. temp., vary from 314 to 344 c.c., 
but the variations in different solvents are not greater than those found by different workers 
in the same solvent. We have therefore taken the mean value of 330 c.c. (u = 3-99) in every 
case. From the data, the most probable polarisation—concentration curve for each solvent 
was drawn, and a series of values of Pg (P,, 9 at concentration C) interpolated. On Hdjen- 

* No other data of any accuracy seem to have been published, although Linard (Bull. Soc. chim. 
Belge, 1925, 34, 363) and Meisenheimer and Dorner (Amnalen, 1930, 484, 130) give diagrams of the 
f. p. curves in C,H,, and the former also in cyclohexane; these, however, are on too small a scale to 
be of any quant. use. 
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TABLE I. 


Freezing Points : Nitrobenzene in Benzene. (See Fig. 3.) 
1. Davy and Sidgwick. 2. Beckmann. 3. Dahms. 

Dr. M. #. C. Dy. M. 
0°689° 126-7 0°0584 .  0°0874 0°51° 125°0 
1-632 129°7 0°103 0°1966 1°12 129°6 
2-144 133-4 0-156 0°4144 2°31 135°6 
2°727 136°9 0-203 0°6790 3°69 142°8 
3°254 139°8 0:240 1-001 5°37 150°5 
0°370 126°5 0°0553 1°497 7°98 160°8 
1°445 132-0 0°136 1953 10°36 171-4 
2-550 137°1 0°206 2-631 14°08 184-9 
3°945 143-7 0-288 3°266 17°67 198°6 
6°225 152°7 0°389 3°683 20°45 210-2 
8015 159°5 0°458 4°268 24-20 277°8 

5081 * 29°88 261°8 
* Eutectic point. 


TABLE II. 


Freezing Points : Nitrobenzene in cycloHexane (D. and S.). (See Fig. 3.) 


C. Dry. M. x. C. Dry. M. 
0°0913 2-002° 143°0 0-280 0°5041 8°38° 194°7 
0°1397 2°954 148°9 0°348 0°5944 9°30 208°6 
0°1868 3°84 153°6 0-398 0-6800 10°07 221°9 
0°3080 5°87 167°3 0°530 1:2075 12-82 324°3 
0°3881 6°97 178°7 0°624 1°2692 12-96 339°4 


Fic. 3. 
Freezing-point depressions by nitrobenzene. 
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05 10 1 
Mols. of CgHs:NO>z per litre of solution. 


In benzene. ® = Beckmann; O = Davy and Sidgwick; x = Dahms. 
In cyclohexane. + = Davy and Sidgwick. 


dahl’s assumption that double molecules are formed, and that these are non-polar, x, the 
fraction of single molecules which are polymerised, is given by (P,, — P¢)/P,,. The values 
of x so obtained are given in Table III, and compared with those derived from the f. p.’s. They 
are plotted on Fig. 2, in which the exptl. points are marked for solvents other than C,H,; 
the C,H, curve itself is that which passes through the circles, being indistinguishable from the 
curve for CCl,. 
DiscussION OF RESULTs. 

It will be seen from Fig. 2 that in benzene the cryoscopic values lie very close to those 

derived from the polarisations, until the solutions become concentrated. In cyclohexane 
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the polarisation has not been measured, but from the dielectric constant and the chemical 
character of this solvent we may assume that the degree of association will be between 
those in benzene and in hexane, and so but little different from that in benzene. On the 
other hand, the cryoscopic data for cyclohexane indicate at every concentration a degree 
of association from 3 to 5 times as great as that found by polarisation in any solvent. 

If the association is a real polymerisation, and a definite fraction of the nitrobenzene 
is present as double molecules, this should vary with the concentration according to the 
law of mass action : 

_ [(CgH,.NO,).] C.x/2 _ % 

~ [CgH;.NO,]? (1 — x)®C? (1 — x)?C” 

The values of K in benzene and in cyclohexane, obtained by this equation from the inter- 
polated values of x, are given in Table III. 


TABLE III. 


Degree of Association of Nitrobenzene in Various Solvents. 


(a) = derived from f. p. data; (6b) = derived from polarisation data (polarisations at 25°: in CCl, also 
at 50°). 
K. 


K 








C,H,. CCl, CCl,  Hex-  cyclo- in cyclo- 
—_— , 25°. 50°. ane. Hexane. in C,H,. hexane. 
(a). (b). . (b). (b). (b). (a). (a). (b). (a). 

0-049 0045 0047 0035 — 0:287 0-271 0-247 2°82 
0-096 0-085 0-086 0-060 _ 0-414 0°294 0°254 3°01 
0140 0-120 0-116 0-087 — 0528 0315 0-258 3-95 
0°217 0°186 0-170 0°137 0°140 0°737 0°354 0-281 10°65 
0°304 0°264 , 0°242 0-209 0-218 0-972 0°392 0°305 
0356 0313 0353 0-284 0-249 0-260 1-12 0-429 0-332 
0°470 0°396 “43% 0°373 0°337 0°354 1°47 0°557 0°362 
0570 0-460 0 0-445 0-409 0°424 0-771 0394 
0°734 0°561 6 0°554 0°522 0°527 1°73 0°485 
0-981 0-682 0- 0-682 0°633. 0665 — 0-674 
— 0-721 ‘ 0°723 0°696 0°715 — 0-772 
— 0°775 0-781 0-760 —_— —_ 0°957 
The results in benzene solution show that as the concentration increases the activity 
of the solute molecules diminishes; their effect in decreasing the vapour pressure of the 
solvent grows less, and so the molecular weights calculated from the freezing points 
increase; this is accompanied by a corresponding fall in the molecular polarisation. This 
effect may be due either to an orientation of the dipoles in the solution, or to an actual 
combination of the molecules with one another. The latter process, which is assumed in 
our calculation of x, involves a force active only when the molecules are close together, 
and falling off very rapidly as the distance between them increases : this is the condition 
for the law of mass action to hold. The values of K in Table III show that this does not 
occur; with increase of concentration K increases three or four times.* (H6jendahl 
reached the same conclusion about the association constant, but drew no inference from 
it.) It would thus seem that there can be no chemical combination or “ dipole com- 
bination ’’ between the molecules. The fall in activity and in polarisation is fully explained 
by the orientation of the polar molecules under the influence of their mutual attractions ; 


* It might be urged that the cryoscopic values of K would not be expected to be constant, since 
they are not obtained at the same temperature (though this does not apply to the polarisation values). 
This effect, however, is not serious. The range of m. p.’s from C = 0°1 to C = 2-0 (where K is 2°8 
times as large as at C = 0°1) is 10°. The polarisation experiments of Pal (/oc. cit.) show that in going 
from 50° to 10°, x in CCl, increases at C = 1 by 15°6%, and at C = 4 by 6°4%—-say by 12% at C= 2: 
thus the corrected values for the m. p. of benzene would be, at C = 2, x = 0°553, and K = 0°692, 
i.e., not 2°8 but 2°55 times as large as at C= 0:1. But the real error is much less than this, and may 
be in the opposite direction. Heats of fusion always fall slightly with a fall of temperature, and on 
the average by about 13 cals. per 1°. Thus in 10° that of benzene (2°37 kg.-cals. at the m. p.) will fall 
by about 0°13 kg.-cal., or 5%; hence the true observed molecular weight at C = 2 would be about 5% 
greater than that recorded. Thus the small effects of the 10° change in temperature on the association 
and on the cryoscopic constant oppose, and may be taken to cancel, one another, 


C. 
01 
0-2 
0:3 
0°5 
0°8 
1-0 
15 
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3°0 
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in fact, the failure of the law of mass action in this case is very similar to that which 
occurs with strong electrolytes, except that the force between dipoles varies approximately 
as the inverse fourth power of the distance, and that between ions as the inverse square, 
so that the departure of the “ constant ”’ from constancy is less marked with the former. 

This conclusion is in accordance with the general theory of chemical association, that 
its occurrence depends on the simultaneous presence in the molecule of donor and 
acceptor atoms. In nitrobenzene the oxygen atoms have a strong donor character, but 
there is no acceptor. In the alcohols on the other hand the hydroxyl hydrogen can act 
as acceptor, and co-ordination between the molecules is possible. The polarisation curves 
given by alcohols in non-polar solvents (see references, p. 281) are of an entirely different 
type from that of nitrobenzene: as the concentration increases from zero, the molecular 
polarisation at first rises, owing presumably to the new dipole of the co-ordinate link, 
and it is only at higher concentrations, when the polymerisation has nearly reached its 
maximum, and the dipole orientation of the polymerised molecules begins to have effect, 
that the polarisation diminishes (Sidgwick, Z. Elektrochem., 1928, 34, 450). 

In cyclohexane we have a new phenomenon. The polarisation data in hexane indicate 
that the electrical behaviour of nitrobenzene will be much the same in cyclohexane as in 
benzene, but the cryoscopic measurements point to a far higher degree of association in 
cyclohexane. This suggests that in cyclohexane the freezing points are affected by a new 
factor, which clearly is the tendency of the system to separate into two liquid layers, or, 
to speak more precisely, the highly positive partial vapour pressure curve of cyclohexane 
in presence of nitrobenzene. Such a curve (a similar system is that of methyl alcohol 
and benzene) involves a complete breakdown of Raoult’s law, and leads to values of the 
molecular weight from the freezing points far in excess of the truth. This explanation is 
confirmed by the observation of Linard (loc. cit.) that a mixture of nitrobenzene and 
cyclohexane will separate into two layers in the metastable state, a few degrees below its 
freezing point. 

It will be seen from Table III that the dipole association appears to vary somewhat 
(10—20%) with the solvent, in the order CS,>C,H, = CCl,>C,H,,. This is also the 
order of the dielectric constants (2-63, 2-29, 2-24, 1-88), and is the opposite of what we 
should expect, since on any hypothesis the force between the dipoles must increase as the 
dielectric constant of the solvent falls. Recently, Horst Miiller (Physikal. Z., 1932, 33, 
731) has found by accurate measurements that the value of P,, for chlorobenzene varies 
about 10° in different non-polar solvents, being greatest in those of lowest dielectric 
constant. We have taken a constant (mean) value of P, for nitrobenzene in all our 
solvents; this is presumably rather too high for carbon disulphide, which would exaggerate 
the association, and rather too low for hexane, which would make it appear too small. 
Hence this variation in association is probably not real; but the whole effect is small, 
and the existing data are not accurate enough to enable us to determine the individual 
values of P,, in different solvents. 


BAKER LABORATORY, CORNELL UNIVERSITY. [Received, January 25th, 1933.] 





79. The Nitration of a- and B-Naphthols. 
By F. BELL. 


NITRATION of «- and $-naphthyl m-nitrobenzenesulphonates is shown to proceed according to 
the schemes : 


O-SO,°C,. Hy’ NO, 
>4—> 4:5 
> 8— > 4:8 


ee 
> 1:5 <———_— 


O-SO,*C,H, NO, poe! ST See = 
Se 
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The direction of mononitration of the «-compound is in large part determined by the 
concentration of the acid employed, high concentration favouring formation of the 
8-derivative. By severing the nitro-m-nitrobenzenesulphonates with piperidine, the 
corresponding nitronaphthols were obtained. 8-Nitro-a-naphthol was easily isolated in 
spite of previously reported failures to prepare it by diazotisation of 8-nitro-«-naphthy]l- 
amine (e.g., Meldola and Streatfeild, J., 1893, 63, 1056). In the @-series, 1 : 5- and 4: 5- 
dinitro-B-naphthols are described for the first time, and it is obvious that the method could 
be extended to the production of compounds such as 2 : 5- and 2 : 8-dinitro-«-naphthols. 

If naphthalene normally reacts in the symmetrical form (I) (Thompson, J. Soc. Chem. 
Ind., 1933, 52, 61), electronic displacements originating at the «-atom should lead to 
2:4:5:7-substitution (II), and at the g-atom to 1 : 6: 8-substitution (III). The results 


Y Ad 
COM C COREE Ce: 
WF \AZ twtAS 


(I.) (II.) (III.) 


obtained on nitration of «- and @-naphthols and their methyl and ethyl ethers (Table I) 
are in agreement with this view. On the other hand, if the effects are not of sufficient 


TABLE I. 
Nitro-compounds produced. Nitro-compounds produced. 


1-Substituent. First. Second. Third. 2-Substituent. First. Second. Third. 
OH 4 a6 {3° 8°3 pe ; og 
, ik Me 76 76:8 
a ie + ne OEt {s 1:8 
magnitude to be transmitted from one nucleus to the other, the molecule might be 
expected to show the presence of two mutually reacting ethenoid systems. 








EXPERIMENTAL. 


The author is indebted to Mr. R. Cohen, B.Sc., for the substances indicated by an asterisk. 

Nitration of a-Naphthyl m-Nitrobenzenesulphonate-—(a) 7 G. were added to a mixture of 
fuming HNO, (7 c.c.) and AcOH (14 c.c.), and the whole gently warmed until solution occurred. 
On cooling, there separated crystals (3-5 g.) which, after recrystn. from AcOH, had m. p. 135°, 
alone or mixed with an authentic specimen of 4-nitvo-l-naphthyl m-nitrobenzenesulphonate 
(Found: C, 51-5; H, 2-8. C,gH,0,N,S requires C, 51-3; H, 2-7%). No pure compound 
could be isolated from the mother-liquor. 

(b) 10 G. were added to a mixture of fuming HNO, (15 c.c.) and AcOH (15 c.c.). After 
standing for 1 hr., the cryst. crop was filtered off and recryst. from AcOH. It gave needle 
crystals (1-7 g.), m. p. 166°, of 8-nitro-l-naphthyl m-nitrobenzenesulphonate (Found: C, 51:2; 
H, 2-8%), oriented by conversion into the 4: 8-dinitro-compound (below). The sulphonate 
was severed by piperidine to 8-nitvo-a-naphthol, which separated from CHCl, as a yellow cryst. 
powder, m. p. 130° (Found: C, 63-2; H, 3-8. C,)H,O,N requires C, 63-5; H, 3-7%). This 
naphthol dissolves in NaOH aq. with a deep orange colour. 

Nitration of 4-Nitro-l-naphthyl m-Nitrobenzenesulphonate-——2 G. were added slowly to 
fuming HNO, (6 c.c.), and the solution poured into H,O. The resultant gum was boiled with 
C,H, and the product (1-0 g., m. p. 170°) recrystallised from AcOH. It gave 4: 5-dinitro- 
l-naphthyl m-nitrobenzenesulphonate as small needles, m. p. 174° (Found: C, 45-7; H, 2-2. 
C,,H,O,N,S requires C, 45-8; H, 2-2%). This compound was very readily severed to 4: 5- 
dinitro-«-naphthol, which crystallised from aq. EtOH in needles, m. p. 198° (decomp.). A 
synthetic specimen * from 4: 5-dinitrobromonaphthalene also had this m. p. (Friedlander, 
Ber., 1899, 32, 3528, gives 230°; Ullmann and Consonno, Ber., 1902, 35, 2802, give 208°). 
The identity was further confirmed by ethylation with Et,SO, in xylene solution. 4: 5-Di- 
nitro-«-ethoxynaphthalene was obtained in plates, m. p. 186°, which showed no depression in 
m. p. on admixture with a specimen from 1-bromo-4 : 5-dinitronaphthalene. 

Nitration of 8-Nitro-l-naphthyl m-Nitrobenzenesulphonaie—2 G. were added to fuming 
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HNO, (6 c.c.), and the resultant solution diluted with AcOH and filtered from the cryst. ppt. 
(1-2 g.). This recrystallised from AcOH to give pure 4: 8-dinitro-l-naphthyl m-nitrobenzene- 
sulphonate as prisms, m. p. 165° (Found: C, 45-8; H, 2-2%). Scission with piperidine gave 
4 : 8-dinitro-«-naphthol, which crystallised from EtOH in small needles, m. p. 230° (decomp.) 
alone or mixed with an authentic specimen * from 1-chloro-4 : 8-dinitronaphthalene. 

Nitration of B-Naphthyl m-Nitrobenzenesulphonate.—100 G., nitrated by the method pre- 
viously described (J., 1932, 2734), gave 33 g. (29%) of the 5- and 20 g. (18%) of the 8-nitro- 
isomeride. ‘The yield of mixed nitro-compounds is high but the separation difficult. 

Nitration of 5-Nitro-2-naphthyl m-Nitrobenzenesulphonate——10 G. were added slowly to 
fuming HNO, (20 c.c.). The resultant solution was poured into H,O and the ppt. filtered off 
and dried. It was extracted with hot C,H, and the residue crystallised from AcOH. Pure 
4 : 5-dinitro-2-naphthyl m-nitrobenzenesulphonate, m. p. 212°, was obtained (Found: C, 45-7; 
H, 2-2.: C,,H,O,N,S requires C, 45-8; H, 2-2%). The C,H, filtrate was evaporated and the 
residue crystallised from AcOH; 1: 5-dinitro-2-naphthyl m-nitrobenzenesulphonate, m. p. 153°, 
was obtained (Found: C, 46-1; H, 2-4%), together with a small amount of the 4 : 5-isomeride. 
The total yields were: 4: 5, 3-2 g. (29%) and 1: 5, 2-7 g. (24%). On piperidine scission, the 
former gave 4 : 5-dinitro-B-naphthol, small orange-red needles, m. p. ca. 230°, from aq. EtOH 
(Found: C, 51:7; H, 2-9. CyH,sO;N, requires C, 51-3; H, 2-6%), and the latter gave 
1 : 5-dinitro-B-naphthol, yellow needles, m. p. 187° (decomp.), from EtOH (Found: C, 51-4; 
H, 2-7%). 

Nitration of 8-Nitro-2-naphihyl m-Nitrobenzenesulphonate—15 G. were introduced into 
fuming HNO, (30 c.c.), and after 1 hr. the solution was diluted with an equal vol. of AcOH. 
This pptd. the major part of the 1: 8-dinitro-2-naphthyl m-nitrobgnzenesulphonate. The 
filtrate when poured into H,O gave gummy material from which by crystn. from AcOH only 
the 1:8-compound could be obtained. 1: 8-Dinitro-2-naphthyl m-nitrobenzenesulphonate 
crystallised from AcOH in small needles, m. p. 201° (total yield, 4-3 g.; 26%) (Found: C, 
45-7; H, 2-2%). Fission with piperidine gave in poor yield 1 : 8-dinitro-8-naphthol, golden 
scales, m. p. 195°, from EtOH. This naphthol was readily ethylated by the xylene-K,CO, 
method, and the resulting 1 : 8-dinitro-8-naphthyl ethyl ether, m. p. 215°, dissolved in fuming 
HNO, to give a good yield of 1 : 6 : 8-trinitro-8-naphthy] ethyl ether, m. p. 188°. 

Nitration of 4-Nitro-2-naphthyl m-Nitrobenzenesulphonate.—This compound dissolved readily 
in fuming HNO,, and on dilution with AcOH, 4 : 5-dinitro-2-naphthyl m-nitrobenzenesulphonate 
(above) crystallised in 54% yield. The mother-liquor was not further examined. 4-Nitro- 
2-naphthyl m-nitrobenzenesulphonate, obtained by interaction of 4-nitro-8-naphthol * (Morgan 
and Evans, J., 1919, 115, 1127) and m-nitrobenzenesulphony!] chloride in C;H,N, formed small 
rosettes, m. p. 149°, from AcOH (Found: C, 51-6; H, 2-8%). 

Nitration of 1-Nitro-2-naphthyl m-Nitrobenzenesulphonate.—1 G. was dissolved in fuming 
HNO, (4 c.c.) and the solution poured into H,O. The resultant ppt. was readily separated 
into a mixture of 1 : 8-dinitro- and 1 : 5-dinitro-isomerides (above), the former preponderating. 
1-Nitro-2-naphthyl m-nitrobenzenesulphonate, obtained by interaction of 1-nitro-8-naphthol 
(from «-nitroso-8-naphthol by application of the method of Hodgson and Kilner, J., 1924, 125, 
809) and m-nitrobenzenesulphonyl chloride in C;H;N, formed prisms, m. p. 176°, from AcOH 
(Found : C, 51-7; H, 2°8%). 

Onufrowicz (Ber., 1890, 23, 3360) describes the preparation of 5 : 8-dinitro-2-naphthy] 
ethyl ether, m. p. 215°, by the nitration of B-naphthol sulphide. On repetition of this experi- 
ment only 1 : 8-dinitro-2-naphthyl ethyl ether, m. p. 215°, was obtained. 
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80. Hxperiments on the Synthesis of Cyanomaclurin and its 
Derivatives. Part I. 3:5:7:2': 4' -Pentamethoxyflavan. 


By ABNASHI L. BHALLA and JNANENDRA N. RAy. 






THE formula (I) is one of the two constitutions suggested by Perkin (J., 1905, 87, 721) for 
cyanomaclurin, and an attempt has now been made to confirm it by the synthesis of the 
substance or a near derivative. 

The methods of Harris and Busse (Ber., 1896, 29, 380) and Feuerstein and Musculus 
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(Ber., 1901, 34, 411) for the preparation of flavans being impracticable, other means were 


R 

Su FO—K YR Aco CMe OMe 

CH cH > 
Nc Yo" 


(II.) (III.) 


Demethylation and ring closure of 2 : 4-dihydroxy-2'-methoxy- and 2 : 4: 2'-trimethoxy- 
-phenylpropiophenone (I1; R= OH and OMe respectively) could not be satisfactorily 
accomplished, dark amorphous products being obtained after treatment with hot acids 
(cf. cyanomaclurin; Perkin and Cope, J., 1895, 67, 94: deoxytrimethylbrazilin; Perkin, 
Ray, and Robinson, J., 1928, 1512). On acetylation, the substance (II; R = OH) 
furnished a chromone (III). 

2’-Hydroxy- and 2’-hydroxy-2 : 4-dimethoxy-8-phenylpropiophenone also gave only 
amorphous products during attempts to close the ring, and the carbinol obtained by 
reduction of the latter ketone was not convertible into a flavan. A chalkone could not 
be prepared from either 8-resorcylaldehyde or 2-hydroxy-4 : 6-dimethoxybenzaldehyde 
and resacetophenone dimethyl ether, but 2-hydroxy-4-methoxybenzaldehyde readily 
reacted with it. 2-Hydroxy-4 : 6-dimethoxybenzaldehyde, however, condensed with 
acetoveratrone to give the corresponding chalkone. 

3:5:7:2':4’-Pentamethoxyflavylium chloride (IV) (Pratt and Robinson, J., 1925, 
127, 1136) on catalytic reduction, gave 3: 5:7: 2’: 4'-pentamethoxyflavan (V), the com- 


Cl 


R OMe 
a? 4 (—< ome 


\ /C’0Me 
MeO CH 


parison of which with the catalytic reduction product of cyanomaclurin pentamethyl ether 
will be made as soon as possible. 


(IV.) 


EXPERIMENTAL. 

2 : 4-Dihydroxy-2’-methoxy-B-phenylpropiophenone (II; R = OH).—A mixture of resorcinol 
(4 g.), B-o-methoxyphenylpropionic acid (6 g.), and ZnCl, (5 g.) was heated at 100—110° for 
5 hr. in a current of dry H. The cooled mass was agitated with H,O (50 c.c.) and conc. HCl 
(2 c.c.) and heated on the steam-bath for a few min. The solid cake deposited after 12 hr. 
was crystallised in turn from Et,O, C,H,-light petroleum, and hot dil. MeOH and furnished 
plates (2-5 g.), m. p. 138° (Found: C, 70-3; H, 5-9; OMe, 12-0. C,gH,,O, requires C, 70-6; 
H, 5-9; OMe, 11-4%). The substance gave a violet colour with FeCl,;. On being boiled with 
Ac,O (10 mols.) it gave 7-acetoxy-2’-methoxy-3-benzyl-2-methylchromone (III), m. p. 141—142° 
after crystn. from EtOH (Found: C, 71-15; H, 5-7. Cy H,,O0,; requires C, 71:0; H, 5:3%), 
but if the acetylation was done with 2-25 mols. of Ac,O and the heating continued for not 
more than 30 min. the diacetyl derivative (II; R = OAc), m. p. 81—82°, was formed. 

2:4: 2’-Trimethoxy-B-phenylpropiophenone (Il; R = OMe).—To a mixture of B-o-methoxy- 
phenylpropionyl chloride (7 g.), dry CS, (30 c.c.), and resorcinol dimethyl ether (5 g.) at 0°, 
AIC], (12 g.) was added during 1 hr. After 12 hr., the product was decomposed with ice and 
HCl aq. (4 c.c.), the CS, removed, and the gummy solid separated and dissolved in MeOH. 
The solution, freed from a gummy material which first separated, furnished a brownish-white 
cryst. deposit after 24 hr. Recryst. (charcoal) from MeOH, this formed colourless needles, 
m. p. 78° (Found: C, 71-7; H, 6-9. C,gH,,O, requires C, 72-0; H, 6-7%). 

Chalkones and their Reduction Products.—2’-Hydroxy-B-phenylpropiophenone. A mixture of 
2’-hydroxybenzylideneacetophenone (Perkin, Robinson, and Turner, J., 1908, 93, 1108) (2 g.), 
EtOAc (100 c.c.), 1% PdCl, (5 c.c.), abs. EtOH (10 c.c.), and BaSO, (2 g.) was shaken in H. 
The filtered solution, on concn. in vac., gave a solid, which was crystallised from EtOH; m. p. 
91° (Kostanecki, Ber., 1898, 31, 718, gives m. p. 91—92°). 

2’-Hydroxy-2 : 4-dimethoxy-B-phenylpropiophenone. o-Hydroxybenzylideneresacetophenone 





290 Experiments on the Synthesis of Cyanomaclurin, etc. Part I. 


dimethyl ether (Perkin, Robinson, and Turner, /oc. cit.) (2 g.) in abs. neutral EtOH (100 c.c.) 
was reduced with Pd—BaSO, catalyst (1 g.), and the filtered solution freed from solvent in vac. 
The residue crystallised from 80% EtOH in slender needles (1-5 g.), m. p. 95°. The substance 
produced a sodium salt from 5% NaOH aq. solution, developed with AcCl a yellowish colour, 
rapidly changing to brown (in the cold) and then red (after 2 hr.), but gave no FeCl, reaction 
(Found: C, 71-4; H, 6-6. C,,H,,O, requires C, 71-7; H, 63%). When it (0-8 g.) was sus- 
pended in H,O (50 c.c.) and reduced with Na—Hg (5 g. of 5%), it furnished a-2: 4-di- 
methoxyphenyl-y-o-hydroxyphenyl-n-propyl alcohol, m. p. 106—107° after crystn. from C,H,- 
ligroin (Found: C, 70-6; H, 7-0. C,H, 0, requires C, 70-8; H, 6-9%). 

2’-Hydroxy-2 : 4: 4’-trimethoxybenzylideneacetophenone. 2-Hydroxy-4-methoxybenzaldehyde 
(prepared from 10 g. of resorcylaldehyde, 4 g. of KOH in 20 c.c. of H,O, and 8-5 g. of Me,SO, 
at 70—80° and isolated by steam distillation; yield, 6 g.) condensed with resacetophenone 
dimethyl ether in aq.-methyl alc. KOH to give the chalkone, which formed greenish-yellow, 
fine needles, m. p. 156°, from hot dil. acetone (Found: C, 68-5; H, 5-7. C,,H,,0; requires 
C, 68-8; H, 5-7%). This was reduced with Pd—BaSO, catalyst, and the product isolated, in 
the manner described above. Cryst. successively from hot dil. EtOH and C,Hg, the product 
had m. p. 110°. It dissolved in hot dil. NaOH aq. or a cold conc. solution, developed in H,SO, 
a reddish-yellow colour, which became yellowish on dilution, an orange ppt. forming, and did 
not lose H,O in vac. at 100° (Found: C, 68-6; H, 6-5. C,gH,,O; requires C, 68-4; H, 6-3%). 

2’-Hydroxy-3 : 4: 4’ : 6’-tetramethoxybenzylideneacetophenone, prepared in good yield from 
2-hydroxy-4 : 6-dimethoxybenzaldehyde and acetoveratrone, formed pale yellow needles, m. p. 
165—166°, from hot dil. acetone (Found: C, 66-1; H, 5-85. CygH» 0, requires C, 66-3; H, 
5-8%). On catalytic reduction it gave 2’-hydroxy-3: 4: 4’ : 6’-tetramethoxy-B-phenylpropio- 
phenone, m. p. 135° (Found: C, 65-9; H, 6-5. C,,.H,.O, requires C, 65-9; H, 6-4%), which 
was reduced by Na-Hg (5%) to a-3 : 4-dimethoxyphenyl-y-2-hydroxy-4 : 6-dimethoxyphenyl-n- 
propyl alcohol, m. p. 118—119° (Found: C, 65-75; H, 7-1. CygH,4O, requires C, 65-5; H, 6-9%). 

3-Chloro-2’-hydroxy-7 : 4’-dimethoxyflavylium Chloride.—This was prepared from -chloro- 
2-hydroxy-4-methoxyacetophenone (1 g.) and 2-hydroxy-4-methoxybenzaldehyde (0-8 g.) in dry 
EtOAc (10 c.c.) at 0° by means of HCl. After 12 hr., the deposit was collected and recrystal- 
lised from EtOH containing a little HCl; it formed deep red needles, not molten at 250° (Found 
in material dried at 100° in vac.: C, 57:7; H, 3-9. C,7H,,0,Cl, requires C, 57-8; H, 4:0%). 
This chloride could not be satisfactorily reduced catalytically. 

3:5:7: 2’: 4'’-Pentamethoxyflavan (V).—3:5:7: 2’: 4’-Pentamethoxyflavylium chloride 
(Pratt and Robinson, /oc. cit.) (0-4 g.), dissolved in abs. EtOH (50 c.c.), was reduced with 
Pd—BaSO, (0-2 g.) in H. When the solution had only a faint pale rose tint (ca. 4 hr.), it was 
filtered, and the solvent removed, in H. The residue was dissolved in Et,O, washed thrice 
with ice-cold 2% HCl aq. and once with H,O, dried (Na,SO,), and recovered as a viscous 
solid, which, after being dried in vac. (CaCl,) and washed with ligroin (2 x 10 c.c.), solidified 
when scratched. Cryst. from C,H,-ligroin, it formed slender needles, m. p. 42° (Found: C, 
66-6; H, 7-0. CsygH sO, requires C, 66-7; H, 6-7%). 

Morinidin 3:5: '7-Trimethyl Ether —HCl was passed into 2-hydroxy-4 : 6-dimethoxybenz- 
aldehyde (0-5 g.) and w-methoxyresacetophenone (0-5 g.) in dry Et,O (15 c.c.) till the colour 
of the solution changed to claret. The mixture was left for 12 hr. at 0°, and the solvent then 
removed in vac. The residue was dissolved in NaOH aq., and the solution acidified with 
AcOH (a flocculent red ppt. formed), boiled, and filtered. To the hot filtrate, enough HCl aq. 
was added to give a 2% HCl solution. The ppt. of the flavylium chloride was recrystallised 
from hot dil. HCl aq.; m. p. 160° (Found: C, 55-4; H, 5:4. C,gH,,0,Cl,1-5H,O requires C, 
55-2; H, 52%). The H,O of crystn. was given off at 100° in high vac., but could not be 
estimated because of partial decomp. This substance, unlike morinidin chloride pentamethyl 
ether, is very difficultly reduced and no satisfactory product could be isolated. 

3-Chloro-7 : 3’ : 4’-trimethoxyflavanone was similarly prepared in EtOAc (30 c.c.) from 
«-Chloro-2-hydroxy-4-methoxyacetophenone (1-0 g.) and veratraldehyde (0-8 g.). The clear 
dark solution was poured over ice after 12 hr. The EtOAc layer gave a semi-solid mass, which 
crystallised in contact with EtOH. Washed with Et,O and recryst. from AcOH, it had m. p. 
153° (Found: C, 62-5; H, 4:9. C,,H,,0,Cl requires C, 61-9; H,.4-9%). The substance 
could not be reduced by Clemmensen’s method after replacement of Cl by OH. 


We are indebted to Mr. G.S. Ahluwalia, M.Sc., for his assistance in the preliminary experiments. 


THE UNIVERSITY, LAHORE. (Received, December 12th, 1932.] 
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81. Bisulphate-ion Catalysis in the Hydrolysis of Esters. 
By H. M. Dawson, E. R. Pycock, and E. SPIvEy. 


In accordance with the classical theory of acid catalysis, the accelerating effect produced 
by sulphuric acid in the hydrolysis of esters has been usually attributed to the action 
of the hydrogen ion, although the known facts are not in satisfactory agreement with this 
view. From experiments with monobasic acids and the corresponding buffer mixtures 
it has been definitely established that the catalytic effects in acid-catalysed reactions 
are in general to be ascribed also to the influence of the undissociated acid and the acid 
anion. The present experiments were undertaken to ascertain to what extent the effects 
observed with sulphuric acid and sulphate buffers are due to entities other than the 
hydrogen ion. 

The catalytic properties of two dibasic acids—oxalic and tartaric—have already been 
subjected to detailed examination with respect to both first and second stages of ionisation 
(Dawson, Hoskins, and Smith, J., 1929, 1884; Dawson and Smith, J., 1930, 79; Dawson 
and Spivey, J., 1932, 2612) in experiments on the acetone-iodine reaction. For oxalic 
acid the two stages of ionisation with K, = 5-7 x 10° and K, = 7-2 x 10° are widely 
separated and the first stage corresponds with a moderately strong acid, whereas the 
two stages for tartaric acid with K, = 8-5 x 10% and K, =3 x 10° are much less 
widely separated and in both cases correspond with weak acids. In this respect sulphuric 
acid differs considerably from both the above-mentioned acids, in that the first stage prob- 
ably corresponds with a very strong acid whilst the second is of the same order of strength 
as oxalic acid in the first stage. - 

As the result of a systematic examination of the relevant physicochemical data (freez- 
ing point, partition, electrical conductance, transport number, catalysis), Noyes and 
Stewart (J. Amer. Chem. Soc., 1910, 32, 1133) concluded that the first-stage ionisation 
of sulphuric acid corresponds with a very strong acid and the second stage with K, = 
3 x 10 when the concentration falls within the range 0-025—0-10 mol. per litre. The 
interpretation of the data in question was, of course, based on the classical form of the 
ionic theory. The py measurements of Enklaar (Chem. Weekblad, 1912, 9, 28) led to 
K, = 13 x 10°, and those of Kolthoff (Rec. trav. chim., 1924, 48, 207) to K, = 3-0 x 10°, 
whilst the freezing-point, conductivity, and py data of Drucker (Z. physikal. Chem., 1920, 
96, 381) gave K, = 1-7 x 10°. From a reconsideration of the results of Noyes and 
Stewart (loc. cit.) in the light of the interionic force theory, Sherrill and Noyes (J. Amer. 
Chem. Soc., 1926, 48, 1862) gave K, = 1-15 x 10 as the value of the thermodynamic 
constant. 

In spite of the frequent use of sulphuric acid as catalyst in the hydrolysis of esters, 
its precise behaviour in this connexion does not appear to have been examined systematic- 
ally. The experiments of Kay (Proc. Roy. Soc. Edin., 1898, 22, 493) on the hydrolysis 
of ethyl acetate at 35° were interpreted in terms of the simple hydrogen ion theory and 
are not adapted to throw much light on the nature of the effects which are involved. 

The present experiments, on the other hand, show clearly that the bisulphate ion 
plays an important part in the catalytic action of sulphuric acid and sodium hydrogen 
sulphate, and further, that there is no measurable effect which can be attributed to the 
un-ionised acid or to the sulphate ion. In these circumstances the reaction velocity 


can be represented by the simple equation 

v =u, + ve = hp{H'] + Re[HSO,]. . . . . ~~ (I) 
where ky, and ka are the catalytic coefficients for the hydrogen and the bisulphate ion 
respectively. 

In reference to the absence from this equation of a term vm = km[H,SO,], which would 
correspond with the catalytic effect of the un-ionised acid, it may be noted that for several 
catalysed reactions the ratio km/k, has been shown to increase with the ionisation constant 
of the catalysing acid in accordance with the relation km/kx = aK", where a and n are 
constants which depend on the nature of the reaction and is a positive number less 
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than unity. If the catalysing acid is very largely ionised, then the concentration of the 
un-ionised acid is given by [HA] = c?/K, where c is the stoicheiometric concentration. 
When this is combined with the empirical equation km/kn = aK", we obtain vm = Rm[HA] = 
ak,K"~1 . c?, and for a fixed value of c it follows that for a series of strong acids, vm is 
proportional to 1/K1~" where 1 — n isa positive number less than unity. From this, it is 
apparent that although km increases with the strength of the acid, the catalytic effect 
produced by the un-ionised fraction decreases as the ionisation constant increases. Since 
the present experiments show no effect which can be attributed to un-ionised sulphuric 
acid, it would seem reasonable to conclude that the first-stage ionisation of sulphuric 
acid is practically complete in acid solutions of moderate concentration. The absence 
of a Um term from the equation for the reaction velocity simplifies very appreciably the 
interpretation of the kinetic data which have been obtained, and the chief difficulty in 
this connexion would seem to be represented by the secondary effects which result from 
changes in the salt content of the reaction medium. 

Since the hydrogen ion plays an important part in the majority of the solutions 
examined, the variations of K, and hk, with the salt content are more important sources 
of disturbance than is the case when the catalytic effects produced by buffer mixtures 


Rate of hydrolysis of ethyl acetate at 25° in presence of sodium hydrogen sulphate (0-04 mol. per litre) and 
sodium sulphate (z mols. per litre). 

















0 O02 OF O06 08,170 12 «+14 T6 


of a weak acid are in question. It has also to be recognised that these variations probably 
depend to some extent on the specific nature of the salt contained in the solution. 
Furthermore, on account of the fact that the bisulphate ion is directly responsible for a 
part of the observed catalytic effect, it is not possible to determine by actual experiment 
the variations in K, and k, which are due to the inert-salt effect of sodium hydrogen 
sulphate. The reaction between the hydrogen and sulphate ions to form bisulphate ion 
precludes also the determination of the salt effects which are due to the sulphate ion. 
The above circumstances have to be considered in any attempt to interpret the specific 
reaction velocities given by the expression v = 1/¢. loge a/(a — x), where a is the initial 
concentration of the ester and (a — x) that after time ¢. The measurements (at 25°) 
were made for the most part with an ester concentration of 20-0 c.c. per litre, but salting- 
out effects necessitated the use of more dilute ester solutions (8-0 c.c. per litre) when 
large quantities of sodium sulphate were present. These variations in the ester con- 
centration, however, made no appreciable difference to the values of the specific velocity. 
The Catalytic Activity of the Bisulphate Ion.—The determination of ka is based on the 
interpretation of the reaction velocities for solutions which contain sodium hydrogen 
sulphate in admixture with sodium sulphate. For a series of such solutions in which 
the concentration of the bisulphate is constant (c = 0-04 mol. per litre), it has been found 
that the velocity is very considerably reduced by the addition of sulphate. Successive 
equal additions of sulphate have a gradually diminishing effect and the velocity reaches 
a lower limiting value which remains practically unchanged at the higher sulphate con- 
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centrations. The data are recorded in Table I and the essential features of the phenomenon 
are shown in the diagram. 
TABLE I. 


Catalyst : 0-04M-NaHSO, + zM-Na,SQ,. 


0-0 0-2 0:3 0-4 0°6 0'8 1-0 2 1°4 16 
1-1 61 0°61 6°615 


0-1 Be 
“1 0°93 0°80 0°725 0°68 0°635 0-615 0-61 0- 


z 0 
104v 1-50 


Having regard to the order of magnitude of K,, there can be no doubt that the fall 
in the velocity which occurs as the sulphate concentration increases from 0 to 0-8 is 
primarily due to the reduction in the concentration of the hydrogen ion. Furthermore, 
it would seem permissible to conclude that the limiting value of 104v = 0-61 is mainly 
attributable to the catalytic action of the bisulphate ion, in which case 104kg = 0-61/ 
0-04 = 15. Results in close agreement with this are afforded by the velocities observed 
with solutions which contain a large and constant quantity of sodium sulphate and 
variable small quantities of sodium hydrogen sulphate. Table II gives the velocities 
for the series 1-OM-Na,SO, + yM-NaHSO, together with the values of ka = v/y. 


TABLE II. 
Catalyst : 1-0M-Na,SO, + yM-NaHSQ,. 
0-02 0-03 0-0 
0-305 0-46 0-6 
15:2 15°3 15:2 


In assigning to ka the value of 15 x 10, it should be noted that no attempt has been 
made in the interpretation of the above data to apply a correction for the small residual 
catalytic effects of the hydrogen ion or for the inert-salt effects which the sodium sulphate 
may have on the bisulphate ion. For this reason, it seemed possible that a somewhat 
different value would be found to represent the behaviour of the bisulphate ion in much 
more dilute solutions, but in actual fact this value of ka is found to provide a satisfactory 
account of the catalytic effects which have been observed in dilute solutions of sulphuric 
acid and of sodium hydrogen sulphate. Before proceeding to describe these results, it 
should be pointed out that the method by which kg has been obtained does not depend on 
a knowledge of the value of Kg. 

Sulphuric Acid as Catalyst.—In solutions of free sulphuric acid, the predominant 
catalyst is the hydrogen ion, but the contribution of the bisulphate ion to the total effect 
becomes increasingly important as the concentration of the acid increases. Since the 
progress of the reaction is determined by titration with alkali, the requisite accuracy can 
only be obtained with sulphuric acid solutions of limited concentration, and the actual 
measurements have reference to solutions containing 0-005—0-12 mol. per litre. 

Table III affords a comparison of the measured velocities (v,,,.) with those calculated 
from v = ka[H*] + ka[HSO,’], in which kp, = 65-0 x 10, which is the value afforded by 
experiments with hydrochloric acid as catalyst at small concentrations. The concen- 
trations of the hydrogen and bisulphate ions in these solutions are given by [H*] = 
V2Kx + (x — K,)?/4 + (x — K,)/2 and [HSO,'] = 2x — [H’], where x is the molar 
concentration of the acid. The value of K, used in the calculation of the velocities has 
been derived from the kinetic data. Since K, = [H*][SO,"’]/[HSO,’] = [H*]([H*] — x)/ 
(2x — [H"]), it follows that the most favourable conditions for determining the value of 
K, correspond with [H*] = 3x/2, 7.e., when the second-stage ionisation is half completed. 
When the term [HSO,’] in equation (1) is replaced by 2x — [H’], this equation becomes 


v = (kn — ka)[H*] + 2hkax 
or — 104v = 50-0[H*] + 30-0x 
whence [H*] = (104v — 30x) /50. 
If this value of [H*] is substituted in the mass-action expression for K,, it may be shown 
that the optimum conditions for the evaluation of K, from the reaction velocities are 
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obtained when 10v = 105x. This relation between the reaction velocity and the con- 
centration of the sulphuric acid is found to correspond with a value of x which lies between 
0-005 and 0-01 mol. per litre. For this reason the experimental data for the two most 
dilute solutions have been used to derive K,. The value so obtained is K, = 0-010, 
which is fairly close to the value of the thermodynamic constant given by Sherrill and 
Noyes (loc. cit.). 

In order to show the relative importance of the catalytic effects which are due to the 
hydrogen and the bisulphate ion, the calculated partial velocities v, and va are also recorded 
in Table III. 

TABLE III. 


Catalytic effects produced by sulphuric acid (x mols. per litre). 
001 002 004 005 008 0-10 
0-92 166 305 373 573 7-05 
009 022 050 0°64 1-08 1:37 
1-01 1°88 3°55 4°37 6°81 8°42 
1-01 187 349 434 656 8-24 


The concordance shown by the observed and calculated reaction velocities is such as 
to afford strong support for the conclusion that the catalytic effect of sulphuric acid is 
due to the simultaneous action of the hydrogen and the bisulphate ion as represented 
by equation (1). The observations afford no evidence of any appreciable alteration in 
the value of K, as the ionic strength of the solution increases. This apparent invariability 
of the classical mass-action constant is entirely in accordance with the behaviour of a 
number of monobasic acids (acetic, glycollic, chloroacetic, etc.) which have been previously 
examined with respect to their catalytic activity over a wide concentration range (Dawson, 
Hall, and Key, J., 1928, 2844). The constancy of the mass-action expression for the 
ionisation of the acid when the ionic strength of the solution is varied by increasing the 
concentration of the acid offers a marked contrast to the very considerable increase in 
the value of this expression which occurs when the ionic strength of the solution is 
increased by the addition of small quantities of inert salts. No explanation of this 
difference has yet been put forward. 

Sodium Hydrogen Sulphate as Catalyst.—The contribution of the bisulphate ion to the 
observed catalytic effects is much greater for sodium hydrogen sulphate than for the 
corresponding solutions of the free acid and its relative importance increases with the 
concentration. The velocity-concentration curve for the bisulphate solutions is similar 
to those which have been previously obtained with sodium hydrogen oxalate and sodium 
hydrogen tartrate as catalysts for the acetone-iodine reaction. 

When the velocities for the solutions are calculated from equation (1) with 104k, = 65-0, 
10*ka = 15-0, and K, = 0-01, the numbers obtained are, however, in all cases less than 
the observed velocities and the divergence increases as the concentration of the bisulphate 
increases. For the most concentrated solution (0-24 mol. per litre) the observed velocity 
104v is 6-67, whilst the calculated value is only 5-81. This discrepancy is doubtless due 
in large measure to the variation of K, with the salt content of the solution. Since the 
effect in question is due to the inert-salt action of the bisulphate which is an important 
catalytically active constituent, the magnitude of the effect cannot be determined by 
actual experiment. 

Since the maximum concentration of the sodium hydrogen sulphate solutions examined 
is only about 0-2 mol. per litre, it is probable that the variations of the catalytic coefficients 
k, and ka with the salt concentration can be neglected without introducing any serious 
error. For this range of salt solutions, the variation of K, is, however, very considerable 
and must be taken into account. Data relating to the ionisation of monobasic acids 
show that the influence of inert salts on the classical ionisation constant can be expressed 
by log K/Ky = a,/x — bx, where Kg refers to a salt-free solution of the acid and K toa 
salt solution of concentration x. Oxalic acid is the only acid for which kinetic data relat- 
ing to the influence of inert salt on the second-stage mass-action constant are available, 
and the same formula would seem to be applicable. In this case the coefficient a is, 
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however, twice as large as the corresponding coefficient in the formula which is applicable 
to the ionisation of a monobasic acid or the first-stage ionisation of a dibasic acid. This 
agrees with the requirements of the Debye—Hiickel theory. 

For oxalic acid in potassium chloride solutions, the observed variation of K, is given 
by log K,/K,° = 0-814/x — 0-39x (Dawson and Smith, J., 1929, 2530), and in the inter- 
pretation of the reaction velocity data for solutions of sodium hydrogen sulphate (Table IV) 
and mixtures of this with sulphuric acid (Table V) it is assumed that the inert-salt effect 
of sodium hydrogen sulphate on the second-stage ionisation of sulphuric acid is approxim- 
ately the same. The values of K, have actually been calculated from the formula log 
K,/K,° = 0-84/x — 0-4x, where K,° = 0-01 is the value of the mass-action constant furnished 
by the kinetic data for the most dilute sulphuric acid solutions. It may be noted that 
the variations in dilute solutions are mainly determined by the coefficient associated with 
the 4/% term. 

For a sodium hydrogen sulphate solution containing x mols. per litre, the concentrations 
of the hydrogen and the bisulphate ion are given by [H*] = Kx + (K,/2)? — K,/2 and 
[HSO,’|] = x — [H’], where K, is the value of the second-stage ionisation constant for the 
salt concentration x. In Table IV the first four lines show the values of x, K,, vn, and va, 
whilst the last two afford a comparison of the calculated and observed velocities. 





TABLE IV. 


Catalyst : Sodium hydrogen sulphate (x mol. per litre). 


0-02 0°04 0-06 0-08 ‘ 0°15 0 
1:28 1:39 1-49 1°56 ; 1-78 1 
0-702 1°145 1°51 1°85 P 2°83 3 
0°138 0°335 0°55 0°77 ‘ 1°60 2 
0°84 1°48 2-06 2°62 j 4°43 5 
0°84 1:50 2°06 2°62 ‘ 4°43 5 


, 0°24 
: 1:98 
‘ 3°88 
: 2°70 
, 6°58 
69 6°67 


According to the figures in the foregoing table the proportion of the total catalytic 
effect which is attributable to the bisulphate ion increases from about 10° in the 0-008M- 
solution to about 40% in the 0-24M-solution. The concordance between the observed and 
calculated velocities is very close, and although the assumptions made in regard to the 
variability of K, and the constancy of k, and ka may be said to render this in some measure 
fortuitous, there can be no doubt that the experimental data for the catalytic activity of 
bisulphate solutions afford substantial support for the view that the observed effects are 
due to the joint action of the hydrogen and bisulphate ions. 

Catalysing Effect of Mixtures of Sulphuric Acid and Sodium Hydrogen Sulphate.—The 
results for two series of such solutions are shown in Table V. The first of these corresponds 
with the general formula 0-02M-H,SO, + yM-NaHSO,, and the second with xM-H,SO, + 
0-15M-NaHSO,. For both, the concentrations of the hydrogen and the bisulphate ion 
are given by [H"] = K,(2« + y) + (« — K,)?/4 + (x — K,)/2 and [HSO,’] = 2x + y — 
[H"], where x is the molar concentration of the acid and y that of the bisulphate. The 





TABLE V. 
Catalyst : 0-02M-H,SO, + yM-NaHSQ,. 


0008 0°02 004 006 O08 010 
1:17 1:28 1°39 1-49 1°56 1°63 
1°83 2°05 2°38 2°68 2°96 3°23 
030 0°43 ‘ 0°88 1°12 1°35 
2°13 2°48 . 3°56 4:08 4°58 
2-09 2°40 . 3°50 4:01 4°50 


Catalyst : xM-H,SO, + 0-15M-NaHSQ,. 


0-01 0-02 003 0°04 
3°32 3°85 4:39 4:94 
1-78 1°96 2:14 82°31 
5°10 5°81 6°53 7°25 
5°12 578 6°51 7°16 
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calculated velocities for the first series are based on values of K, which vary with the 
bisulphate concentration in accordance with the formula previously given, and those for 
the second series (constant bisulphate concentration) are based on K, = 1-78 x 10° 
(compare Table IV). The arrangement of the table corresponds with the previous cue. 

The closeness of the agreement between the observed and calculated velocities is 
much the same as for the solutions of the free acid and of the pure bisulphate. 

The results of all these experiments show that the bisulphate ion plays a substantia! 
part in the catalytic effects which are shown by sodium hydrogen sulphate and by sulphuric 
acid. The observed velocities can be satisfactorily expressed by v = k,[H*] + ka[HSO,’? 
when due allowance is made for the variation of the second-stage ionisation of the acid 
with the salt content of the solution. There appears to be no measurable effect which 
can be attributed to the sulphuric acid molecule, and this is consistent with the view that 
the first-stage ionisation of the acid is practically complete. 

The catalytic coefficient for the bisulphate ion is approximately ka = 15 x 10 (25°, 
which compares with k, = 65 x 10 for the hydrogen ion. The kinetic data lead further 
to the conclusion that K, = 1-0 x 10 in salt-free solution; this value is only slightly 
less than the value 1-15 x 10-* recorded for the thermodynamic constant by Sherrill and 
Noyes. 


THE UNIVERSITY, LEEDs. [Received, February 2nd, 1933.] 





82. The Reaction between o-Toluidine and Sulphur. 
By H. H. Hopcson and H. V. FRANCE. 


GATTERMANN (Ber., 1889, 22, 422) found that o-toluidine resembled the #-isomeride in 
its behaviour towards sulphur, the product being a thiazole: the constitution of this, 
however, he did not determine, neither did he mention any other product. As it has 
been shown (Hodgson, J., 1912, 101, 1693; Hodgson and France, J., 1932, 1987) that 
the presence of o-toluidine hydrochloride in the reaction mixture causes the production 
of 2 : 2’-diamino-5 : 5’-ditolyl trisulphide almost entirely, it was anticipated that 2 : 2’-di- 
amino-3 : 3'- and -5 : 5’-ditolyl disulphides should also be formed, in addition to the thiazole, 
in the above reaction. This anticipation has been verified, and the thiazole has been 
identified as 2’-amino-1-phenyl-3-methylbenzthiazole by its synthesis from the o-nitrobenzoyl 
derivative of the above 3: 3’-disulphide: the synthesis also establishes the constitution 
of the 3: 3’-disulphide, additional evidence being its conversion into 2-diazotoluene 
3-sulphide by nitrous acid. 

The presence of a little water in the reaction mixture, besides controlling the tem- 
perature, promotes the formation of 2: 2’-diamino-5: 5’-ditolyl disulphide: in the 
absence of water, only a little 5: 5’-disulphide is produced, the 3: 3’-isomeride pre- 
dominating. These reactions appear to support Peacock’s suggestion (Nature, 1932, 129, 
57) that some kind of co-ordination occurs between the methyl and the amino-group in 
o-toluidine, with consequent diminution in anionoid activity of the 5-carbon atom, since 
such co-ordination is inhibited, completely when hydrochloric acid is present and partly 
when water is present, 5-carbon reactivity being predominant in the former case (since 
thiazole formation does not occur) and considerably strengthened in the latter. These 
results are in accord with the general experience that the combined effect of two op-direct- 
ing groups in ortho-positions is manifested at the para-position to the more powerful 
group. Further evidence in support of Peacock’s view is afforded by the ready solubility 
of 2 : 2’-diamino-3 : 3’-ditolyl disulphide in light petroleum in contrast to the very sparing 
solubility of the 5: 5’-isomeride. In alkaline solution, 2-aminotolyl-5-mercaptan is more 
readily oxidised by air than the 3-mercaptan, since in mixtures the 5 : 5’-disulphide is 
always found in the initial precipitation; this result is in accord with deduction from 
current electronic theory, since the 3-SH group will be much less acidic (i.e., more anionoid) 
than the 5-SH group, owing to the nearer proximity of the 2-amino-l-methyl of-directing 
combination. 
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EXPERIMENTAL. 

Sulphuration of o-Toluidine.—(a) An anhydr. mixture of o-toluidine (100 g.) and S (32 g.) 
was refluxed at 180—190° for 4 hr., the product neutralised and steam-distilled (60 g. unchanged 
amine), and the residue extracted with hot 10°4° HCl aq. (3 X 100 c.c.). On cooling, the 
extract deposited 5 g. of product; the filtered liquor, after treatment with Zn dust, was added 
to excess of 10% NaOH agq., again filtered, and finally oxidised by passage of air. 

, (b) The above procedure was repeated with the addition of 0-5 c.c. of H,O to the refluxion, 
whereby the temp. remained between 180° and 185°: 10 g. of product crystallised from the 
acid extract. 

Disulphides were removed from deposit (a) by extraction, after basification, with hot Na,S 
aq., and the residue of 2’-amino-1-phenyl-3-methylbenzthiazole crystallised from 50% aq. 
EtOH (m. p. 122°). The aq. Na,S extract contained a very small amount of admixed 2-amino- 
tolyl-3- and -5-mercaptans, which was isolated by oxidation to disulphide. Deposit (b) con- 
ained mainly thiazole with a small amount of the 5 : 5’-disulphide [though larger than in (a)] 
ind scarcely any 3 : 3’-disulphide. 

The ppt. from the alkaline liquor (a) was removed at intervals and tested by diazotisation 
and coupling with 6-naphthol, the 5: 5’-disulphide giving an azo-compound (0-4 g., approx., 
in all), and the 3: 3’-disulphide a non-coupling diazo-sulphide. Only the initial deposits 
contained the 5: 5’-disulphide, the bulk of the deposit (3—4 g.) being the 3: 3’-isomeride. 
The ppt. from the alkaline liquor (b) was almost entirely the 5 : 5’-disulphide (5 g.). 

2’-A mino-1-phenyl-3-methylbenzthiazole is only moderately sol. in hot 50% aq. EtOH and 
light petroleum, from which it crystallises in pale yellow parallelepipeds, m. p. 125° (Gatter- 
mann, /oc. cit., gives m. p. 120°) (Found: N, 11-8; S, 13-4. C,,H,,N,S requires N, 11-7; 
S, 13:°3%). The yellow diazonium chloride, which is sparingly sol. in HCl of moderate concn. 
but sol. in H,O, gives an azo-$-naphthol derivative, scarlet micro-needles, m. p. 165°, from 
AcOH (Found: S, 8-1. C,,H,,ON,S requires S, 8-1%), and affords with conc. H,SQ, a 
beautiful KMnO,-violet colour, which becomes scarlet on addition of H,O. Hydrochloride, 
short, almost colourless needles, m. p. 203° (Found : Cl, 12-7; S, 11-8. C,4gH,,N,S,HCl requires 
Cl, 12-8; S, 116%); picrate, sparingly sol. in EtOH, yellow micro-needles, m. p. 208° (Found : 
N, 15:2. C,4H,.N,S,C,H,0,N, requires N, 14-99%); acetyl derivative, colourless needles, m. p. 
122° (depressed to 87° by admixture with the thiazole), from 50% aq. EtOH (Found: S, 11-5. 
C,,H,,ON,S requires S, 11-3%); benzoyl derivative, colourless parallelepipeds, m. p. 127°, 
from EtOH (Found: S, 9-5. C,,H,,ON,S requires S, 9-3%). 

2: 2’-Diamino-3 : 3’-ditolyl disulphide forms long, pale yellow needles from light petroleum, 
m. p. 84° (Found: S, 23-3. C,,H,,N.S, requires S, 23-2%), which with HNO, gives 2-diazo- 
toluene 3-sulphide, an oil at 0° (Found: S, 21-1. C,H,N,S requires S, 21-3%) which has a 
strong odour similar to that of phenyldiazosulphide; dihydrochloride, almost colourless micro- 
plates, m. p. 197°, from conc. HCl (Found: Cl, 20:3; S, 18-0. C,gH,gN.S,,2HCl requires Cl, 
20-3; S, 18-3%), very sol. in H,O and dil. HCl; dipicrate, orange-yellow plates, m. p. 134°, 
from aq. EtOH or H,O (Found: S, 9-0. C,gH,gN,S,,2CgH,O,N, requires S, 8-7%); dipicrate 
of 2:2’-diaminodiphenyl disulphide, orange-yellow needles, m. p. 141° (Found: S, 9-2. 
C,,H,.N.S,2C,H,O,N, requires S, 9-1%). 

Synthesis of 2’-Amino-1-phenyl-3-methylbenzthiazole.—2 : 2’-Diamino-3 : 3’-ditolyl disulphide 
was converted by the Schotten—Baumann reaction into the di-o-nitrobenzoyl derivative, colour- 
less micro-plates, m. p. 217—220°, from EtOH, which on reduction with Fe and dil. HCl gave 
a product identical with the thiazole above (comparison of hydrochloride, picrate, and azo-B- 
naphthol derivative). 

2 : 2’-Diamino-5 : 5’-ditolyl disulphide, obtained in reactions (a) and (b) above, crystallised 
from 50% aq. alcohol in long colourless rhombs, m. p. 112° (Found : S, 23-3. Calc. : S, 23-2%), 
identical with an authentic specimen, gave a dipicrate, deep orange-red plates, m. p. 179°, 
from H,O or aq. EtOH (Found: S, 8-8. C,4H,,N,S,,2C,H,O,N, requires S, 8-7%), and a 

| di-o-nitrobenzoyl derivative, which was sparingly sol. in most solvents but crystallised from 

PhNO, in colourless micro-plates, m. p. 240° (Found: N, 10-0. CygH,,0,N,S, requires N, 

, 97%). The latter product was readily formed by addition of o-nitrobenzoyl chloride to a 

dry ether or benzene solution of the amine, but this reaction did not proceed with the 3: 3’- 

\ isomeride, which required the presence of alkali. Acetylation of the 5: 5’-disulphide readily 
| occurs by the usual procedure (loc. cit.), which fails with the 3 : 3’-isomeride, 
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83. The Action of Halogens on Polycyclic Indole Derivatives. 
Part III. 


By S. G. P. PLant and (Miss) M. L. Tomiinson. 


EARLIER investigations of the bromination of tetrahydrocarbazole (I; ™ = 2) have not 
yielded any simple, well-defined products (cf., e.g., Borsche, Witte, and Bothe, Annalen, 
1908, 359, 49), but it has now been found that under the appropriate conditions (see 
Experimental) a compound, C,,.H,,ON, can be isolated in good yield. This is isomeric 
with the 11-hydroxy-2 : 3 : 4: 11-tetrahydrocarbazole (V; R = H) described in Part I (J., 
1931, 3324) and it is evidently 10-hydroxy-1 : 2 : 3 : 10-tetrahydrocarbazole (II). Its form- 
ation clearly involves the primary addition of bromine at the double linkage in (I; = 2), 


CH, CH 
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the removal of hydrogen bromide, and the ultimate replacement of the remaining bromine 
by hydroxyl. The preferential elimination of the bromine in the 11-position during the 
second stage is easily understood from the basic character of the primary dibromide. 
That no appreciable quantity of a bromo-substitution product is formed was indicated 
by the fact that the crude bromination product contained only 0-3% of bromine. The 
compound (II) was readily transformed by loss of water to a dihydrocarbazole, while the 
fact that it was diazotised in acid solution and then coupled with @-naphthol to give a 
red dye indicates that it can readily react in the isomeric form (III). The chlorination 
of tetrahydrocarbazole under similar conditions has also given the compound (II) in good 
yield. 

The bromination of certain 9-acyl derivatives of tetrahydrocarbazole has been described 
in Part I, and the chlorination of these compounds has now been investigated. Under 
the various conditions recorded in the experimental section the products (IV; R = Ac, 
CO,Et, and CHPh:CH-COQ) have been isolated. 9-Benzoyltetrahydrocarbazole has given 
not only (IV; R = Bz) but also (V; R=Bz). Thus the results obtained differ in many 
respects from those observed during bromination, although, as in the latter process, they 
involve the primary addition of halogen at the double linkage followed by the facile 
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replacement of the halogen by hydroxyl. The ready isolation of compounds which have 
resulted from the loss of hydrogen chloride from the primary dichloride is not, however, 
a feature of the chlorination process. Such compounds may, nevertheless, be formed, 
since in some cases it has been found impossible to obtain more than a small proportion 
of the reaction product in a crystalline form. In this respect the chlorination process is 
less satisfactory than bromination. 

Earlier efforts (see Part I) to obtain crystalline products from the bromination of 
dihydropentindole (I; = 1) and some of its acyl derivatives were unsuccessful, but we 
have now developed conditions for halogenation which have led to interesting substances. 
The bromination of dihydropentindole itself has given 9 : 10-dihydroxytetrahydropentindole 
(VI; R=H), while the chlorination of 8-acetyl- and 8-benzoyl-dihydropentindole has 
yielded the compounds (VI; R= Ac) and (VI; R=Bz). These products have un- 
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doubtedly resulted from the primary addition of bromine at the double linkage, followed 
by hydrolysis, and special interest attaches to their isolation. Analogous compounds (IV) 
can readily be obtained by the nitration of several acyl derivatives of tetrahydrocarbazole 
(Perkin and Plant, J., 1923, 123, 676), but the nitration of the corresponding acyldihydro- 
pentindoles proceeds along other lines, and simple products of the constitution (VI) have 
not hitherto been prepared (Plant, J., 1929, 2493; Massey and Plant, J., 1931, 1990, 2218). 

The compounds (IV) undergo some interesting reactions such as the formation of 
11-hydroxytetrahydrocarbazolenine on boiling for a short time with aqueous alcoholic 
alkali, and of derivatives of 4-indoxylspirocyclopentane on heating alone or with acetic 
anhydride (Perkin and Plant, loc. cit.). The substance (VI; R = Ac) has not been made 
to undergo analogous transformations; it was not appreciably changed by boiling aqueous 
alcoholic potassium hydroxide after an hour, but it was converted by boiling aqueous 
alkali into (VI; R=H). No definite product has been obtained from it by heating 
alone or by boiling with acetic anhydride. 


EXPERIMENTAL. 


Bromination of Tetrahydrocarbazole.—A solution of tetrahydrocarbazole in AcOH at room 
temp. was treated with an equimol. quantity of Br (in AcOH), immediately diluted with an 
excess of H,O, and made alk. with NH, aq. The product, which was extracted with Et,O 
and dried with Na,SO,, gave 10-hydroxy-1 : 2: 3: 10-tetrahydrocarbazole in colourless prisms, 
m. p. 153°, on crystn. from CgH, (Found: C, 77-0; H, 6-8. C,,H,,ON requires C, 77-0; 
H, 7-0%). 

When a solution of the latter in Ac,O had been boiled for an hr. and then cooled, 2 : 3-di- 
hydrocarbazole {identified by mixed m. p. with the specimen described in Part I), colourless 
prisms, m. p. 293—295°, from C,H,, separated. The same compound separated when 
10-hydroxy-1 : 2: 3: 10-tetrahydrocarbazole was refluxed with abs. EtOH for 5 hr.; from 
the alc. filtrate a very small quantity of asubstance which has not been identified, m. p. 196— 
198°, after repeated crystn. from petroleum (b. p. 100—120°), was obtained on concn. 

The 10-hydroxy-compound was converted into the 1l-hydroxytetrahydrocarbazolenine of 
Perkin and Plant (/oc. cit.) by refluxing for $ hr. with EtOH aq., or better with aq.-alc. KOH; 
the product was isolated by dilution with H,O and identified by mixed m. p. 

When a solution of the 10-hydroxy-compound (1 g.) in dil. HCl was diazotised and added 
to B-naphthol (0-66 g.) in H,O containing NaOH (0-33 g.) and AcONa (1 g.), the corresponding 

zo-dye, red prisms, m. p. 143°, from EtOH, was pptd. (Found: N, 7-9. C,.,H,,0,N, requires 
N, 8-2%). 

Chlorination of 9-Acetyl-, 9-Carbethoxy-, and 9-Cinnamoyl-tetrahydrocarbazole.—9-Acetyl- 
tetrahydrocarbazole in ACOH was treated with an equimol. quantity of Cl (dissolved in either 
AcOH or CCl,), the whole being well shaken, then immediately stirred vigorously with an 
excess of H,O and made alk. with NH, aq. When the ppt. was crystallised from EtOH, 
10 : 11-dihydroxy-9-acetylhexahydrocarbazole (yield 50—60%) was obtained in colourless 
plates, m. p. 203° (identified with the product of Perkin and Plant, Joc. cit., by a mixed m. p.). 

By similar methods the 9-carbethoxy-compound gave ethyl 10: 11-dihydroxyhexahydro- 
carbazole-9-carboxylate (approx. 50% yield), colourless needles, m. p. 133°, from EtOH 
(identified with the product of Perkin and Plant, Joc. cit., by mixed m. p.), while the 9-cinnamoyl 
derivative gave 10: 11-dihydroxy-9-cinnamoylhexahydrocarbazole, colourless prisms, m. p. 
204° (after repeated crystn. from EtOH, C,H., and: acetone), identical (mixed m. p.) with the 
substance of Plant and Rutherford (J., 1929, 1970). The latter compound, on being refluxed 
with aq.-alc. KOH, gave 11-hydroxytetrahydrocarbazolenine, while 6-cinnamoyl-y-indoxyispiro- 
cyclopentane, pale yellow needles, m. p. 165°, from EtOH, separated from its solution in Ac,O 
after being refluxed for 4 hr. and then cooled (Found: C, 79-5; H, 5-9. C,,H,,0,N requires 
C, 79-5; H, 60%). The same product was obtained when y-indoxylspirocyclopentane (Perkin 
and Plant, Joc. cit.) was shaken in acetone with conc. KOH aq. and cinnamoyl chloride; it was 
isolated by pptn. with H,O. 

Chlorination of 9-Benzoyltetrahydrocarbazole.——(a) This compound in AcOH was treated 
with an equimol. quantity of Cl (dissolved in AcOH); the product, which was pptd. by the 
immediate addition of H,O, gave 11-hydroxy-9-benzoyl-2 : 3 : 4: 11-tetrahydrocarbazole (small 
yield), colourless prisms, m. p. 144—146° (identified by mixed m. p. with the substance described 
in Part I), when crystallised several times from petroleum (b. p. 60—80°). 
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(b) The compound in AcOH was treated with an equimol. quantity of Cl, dissolved in 
CCl,, the whole being quickly shaken and then immediately diluted with H,O. After the 
sticky ppt. had been removed with Et,O, the aq. layer, on being made alk. with NH; aq., 
deposited a small quantity of 10: 11-dihydroxy-9-benzoylhexahydrocarbazole (identified by 
mixed m. p. with the product of Plant and Rutherford, Joc. cit.), colourless prisms, m. p. 147°. 

Bromination of Dihydropentindole.—Dihydropentindole in AcOH was treated quickly with 
an equimol. quantity of Br (dissolved in AcOH) and the solution was then immediately diluted 
with an excess of ice-H,O and made alk. with NH; aq. The aq. liquid was filtered from a 
ppt. from which nothing cryst. was obtained and was then extracted with Et,O. After the 
ethereal solution had been dried (Na,SO,) and evaporated, the residue gave 9: 10-dihydroxy- 
tetrahydropentindole (yield, 10%), colourless plates, m. p. 140°, on crystn. from C,H, (Found : 
C, 69-3; H, 7-2. C,,H,,0,N requires C, 69-1; H, 6-8%). This compound readily dissolved in 
dil. HCl and, after diazotisation, it coupled with 6-naphthol in alk. solution to give a red dye. 
Its solution in acetone was shaken with conc. KOH aq. and AcCl, diluted with H,O, and 
filtered from an uncrystallisable ppt.; Et,O then extracted a small quantity of 9: 10-di- 
hydroxy-8-acetyltetrahydropentindole, identical (mixed m. p.) with the product described 
below. 

Chlorination of 8-Acetyl- and 8-Benzoyl-dihydropentindole.—8-Acetyldihydropentindole was 
treated rapidly in small quantities in ACOH with an equimol. amount of Cl (dissolved in AcOH) ; 
H,O was immediately added and the whole well shaken. After the solution had been filtered 
from a small amount of unchanged 8-acetyl compound and made alk. (NH, aq.), Et,O extracted 
9 : 10-dihydroxy-8-acetyltetrahydropentindole (yield 50%), colourless prisms, m. p. 152°, from 
C,H, (Found: C, 67-3; H, 6-7. C,,;H,;0,N requires C, 66-9; H, 6-4%). When the latter 
had been boiled for an hr. with KOH aq. (15%), 9: 10-dihydroxytetrahydropentindole (iden- 
tified by mixed m. p.) separated slowly from the filtered solution when this was made just 
acid with AcOH. z 

8-Benzoyldihydropentindole was chlorinated as above and the solution immediately diluted 
with much H,O. The sticky ppt. yielded nothing cryst., but, after the filtered solution had 
been made alk. (NH, aq.), Et,O extracted 9 : 10-dihydroxy-8-benzoyltetrahydropentindole (yield, 
ca. 5%), colourless prisms, m. p. 149°, from C,H, (Found: C, 73-0; H, 5-5. C,gH,,O;N 
requires C, 73-2; H, 5-8%). It was hydrolysed, as for the corresponding acetyl compound, 
to 9: 10-dihydroxytetrahydropentindole. 
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84. Aliempts to extend the Mannich Reaction to Derivatives of 
4-Methylquinoline and 2: 4-Dinitrotoluene. 


By W. O. KERMACK and W. Muir. 


2 : 6-Dimethoxy-4-methylquinoline, when treated with formaldehyde and piperidine under 
a variety of conditions, gave, not the expected 2 : 6-dimethoxy-4-piperidylethylquinoline 
(cf. Kermack and Muir, J., 1931, 3089), but a product, C,,H,,O,N, m. p. 271°, which 
was also obtained (a) in this reaction in the presence of only a trace of piperidine and 
(b) when 2 : 6-dimethoxy- or 6-methoxy-2-ethoxy-4-methylquinoline was boiled with dilute 
hydrochloric acid so that methoxyl or ethoxyl in the 2-position was converted into 
hydroxyl. Comparison of 2-hydroxy-6-methoxy-4-methylquinoline (m. p. 255°) and the 
new compound (see p. 301) and the m. p.’s of mixtures of the compounds themselves 
(245—250°) and of the picrates (145—155°) indicate that the two are distinct. All 
attempts to convert the compound of m. p. 271° into that of m. p. 255° by boiling with 
water, acid, or alkali have failed: the former may be the ketamic form, and the latter 
the enimic form, but, if so, the stability to acid and alkali is difficult to explain. No new 
product was obtained when 8-chloro-2-methoxy-4-methylquinoline was condensed with 
formaldehyde and piperidine under various conditions. 

When 2: 4-dinitrotoluene was treated with formaldehyde and piperidine (2 mols. of 






















le ~ het A Ulla 





| | i 


_ 


to Derivatives of 4-Methylquinoline and 2:4-Dinitrotoluene. 304 


each) in the presence of alcohol «y-dipiperidino-B-(2 : 4-dinitrophenyl)propane, 
(C;HygN*CH,),CH’C,H,(NO,), (I), was obtained, but with only 1 mol. of each (I) was 
produced in small quantity together with «-piperidino-$-(2 : 4-dinitrophenyl)ethane, 
CH, )N°CH,°CH,°C,H,(NO,),. From 2 : 4-dinitrotoluene, formaldehyde, and diethylamine, 
the only new product isolated was an oily base, «-diethylamino-$-(2 : 4-dinitrophenyl)- 
ethane : even with excess of formaldehyde and diethylamine, «y-bisdiethylamino-f-(2 : 4- 
dinitrophenyl)propane does not appear to be formed. These experiments show that the 
Mannich reaction takes place with 2 : 4-dinitrotoluene, though similar experiments with 
o-nitrotoluene were unsuccessful (cf. Kermack and Muir, loc. cit.). 


EXPERIMENTAL. 

2 : 6-Dimethoxy-4-methylquinoline.—2-Chloro-6-methoxy-4-methylquinoline (8 g.) was re- 
fluxed with NaOMe (6 g. Na in 60 c.c. MeOH) for 2 hr., the excess of MeOH distilled off, and 
the deep red liquid poured into H,O (150 c.c.); the 2 : 6-dimethoxy-4-methylquinoline obtained, 
recryst. from light petroleum (b. p. 40—60°), formed long, thick, white, rectangular prisms 
(7-5 g.), m. p. 56° (Found: N, 7-0. C,,H,,0,N requires N, 6-9%). Hydrochloride, white 
cryst. solid, m. p. 237° (decomp.). 

6-Methoxy-2-ethoxy-4-methylquinoline, similarly prepared, formed small rectangular prisms, 
m. p. 81°, from aq. EtOH (Found: N, 6-6. C,,;H,,;O,N requires N, 6-5%). 

6-Methoxy-2-piperidino-4-methylquinoline, obtained by refluxing 2-chloro-6-methoxy-4- 
methylquinoline (2 g.) and piperidine (5 c.c.) for 4 hr. and pouring the cooled product into 
H,O (100 c.c.), crystallised from light petroleum in thick colourless plates (1-5 g.), m. p. 97° 
(Found: N, 10-9. CygH,ON, requires N, 10-99%). The hydrochloride rapidly absorbs mois- 
ture from the air and the picrate is a pale yellow cryst. powder, m. p. 135°. 

6-Methoxy-2-piperazino-4-methylquinoline, similarly obtained from 2-chloro-6-methoxy-4- 
methylquinoline (1 g.) and piperazine hydrate (6 g.) at 140° (5 hr.), separated from hot H,O . 
as a colourless oil which slowly formed microscopic prisms, m. p. 92° (Found: N, 16-1. 
C,5H,,ON, requires N, 16-3%). 

8-Chloro-2-hydroxy-4-methylquinoline.—(a) o-Chloroacetoacetanilide (10 g.), dissolved in 
paraffin oil (40 c.c.), was rapidly heated to 240°, and cooled after 5 min.; 8-chlovo-2-hydroxy- 
4-methylquinoline separated as a white cryst. solid mixed with a little tar. (b) o-Chloroaceto- 
acetanilide (14 g.) was heated for 4 hr. at 65° with conc. H,SO, (6 c.c.), and the cooled solution 
added to H,O (100 c.c.). Both specimens crystallised from EtOH in needles, m. p. 230°. 
Yield, (a) 4-5 g., (b) 8-5 g. (Found: N, 7-4. C,jgH,gONCl requires N, 7:2%). The substance 
gave no colour with alc. FeCl). 

2 : 8-Dichloro-4-methylquinoline was prepared from 8-chloro-2-hydroxy-4-methylquinoline 
(8 g.), POCI, (6 c.c.), and PCI, (8 g.), the mixture being finally heated for 2 hr. at 130—140° 
and poured on ice; it crystallised from light petroleum in long rectangular prisms (7 g.), m. p. 
87—88° (Found: N, 6-9. C,)H,NCl, requires N, 6-6%). 

8-Chloro-2-methoxy-4-methylquinoline, obtained from 2 : 8-dichloro-4-methylquinoline (4 g.) 
and NaOMe (2 g. Na in 20 c.c. MeOH; 2 hrs.’ heating), crystallised from ligroin (charcoal) 
in thick, white, rectangular prisms (2-8 g.), m. p. 122° (Found: N, 6-9. C,,;H,ONCI requires 
N, 6-7%). 

8-Chlovro-2-piperidino-4-methylquinoline, prepared from 2 : 8-dichloro-4-methylquinoline (2 g.) 
and piperidine (10 c.c.), crystallised from EtOH in pinkish-white, flat, flaky crystals (1 g.), 
m. p. 125—126° (Found: N, 10-9. C,;H,,N,Cl requires N, 10-8%). Picrate, m. p. 159°. 

8-Chloro-2-piperazino-4-methylquinoline crystallised from H,O in white radial needles, m. p. 
135° (Found : N, 15-7. C,,H,,N,Cl requires N, 16-1%). 

Preparation of the Compound, m. p. 271°.—(1) 2 : 6-Dimethoxy-4-methylquinoline (2-4 g.; 
0-1 mol.), CH,O (1-5 c.c. of 40% solution; 0-2 mol.), and a trace of piperidine hydrochloride 
were refluxed for 8 hr., a white solid slowly separating. (2) 2 : 6-Dimethoxy-4-methylquinoline 
or 6-methoxy-2-ethoxy-4-methylquinoline (1 g.) was boiled with N-HCl (10 c.c.) for 4 hr. 
Each solution was basified with K,CO,, and the unchanged base removed by steam distillation. 
The compound crystallised from H,O in white radial needles, m. p. and mixed m. p. 271° 
(Found: C, 69-8; H, 5-9; N, 7:2. C,,H,,O,N requires C, 69-8; H, 5-8; N, 7-4%). 

The compound, m. p. 271°, is insol. in cold dil. or conc. HCl or cold dil. NaOH agq., sol. in 
hot conc. HCl, partly sol. in hot dil. HCl or dil. NaOH aq., separating unchanged on cooling; 
gives with hot alc. FeCl, a light red colour which fades on cooling; forms a picrate, m. p. 
165—166°, crystallising in long yellow needles; and is converted by conc. H,SO, into a com- 
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pound which contains N but no S and crystallises from H,O in long needles blackening at 
about 290° but unmolten at 310°. 

2-Hydroxy-6-methoxy-4-methylquinoline, m. p. 255°, forms long needles, is insol. in cold 
dil. HCl, sol. in hot dil. HCl, cold or hot conc. HCl, and cold dil. NaOH aq., is unchanged by 
conc. H,SO,, gives a deep red colour with alc. FeCl,, and yields a picrate, m. p. 191°, crystal- 
lising in small yellow prisms. 

ay-Dipiperidino-B-(2 : 4-dinitrophenyl)propane.—2 : 4-Dinitrotoluene (9-1 g.; 0-05 mol.), 
CH,O (7:5 c.c. of 40% solution; 0-1 mol.), and piperidine (8-5 g.; 0-1 mol.) were heated with 
sufficient EtOH for 2 hr., the deep red solution was poured into H,O (150 c.c.), and the white 
cryst. ppt. obtained was filtered off, dissolved in dil. HCl, filtered, and basified with NH, aq. 
The ay-dipiperidino-B-(2 : 4-dinitrophenyl)propane obtained, recryst. from EtOH, formed long 
hexagonal needles (15 g.), m. p. 134° (Found: C, 60-5; H, 7:4. C,gH,,0,N, requires C, 60-6; 
H, 7-5%). Picrate, m. p. 191°. 

a-Piperidino-B-(2 : 4-dinitrophenyl)ethane.—CH,O (3-5 c.c. of 40% solution; 0-05 mol.) and 
piperidine (4-25 g.; 0-05 mol.) were mixed together, and 2: 4-dinitrotoluene (9-1 g.) added 
together with sufficient EtOH to form a homogeneous solution, which was heated on the 
water-bath for 4 hr. On cooling, crystals of «y-dipiperidino-8-(2 : 4-dinitrophenyl) propane 
separated and were removed. The filtrate was poured into H,O, and the oil which separated 
was dissolved in dil. HCl (charcoal), repptd. by NH, aq., and converted into «-piperidino- 
B-(2 : 4-dinitrophenyljethane picrate, m. p. 175° after recrystn. from C,H, (Found: N, 16-3. 
C,3H,,0,N3,C,.H,;O,N, requires N, 16-5%). 

a-Diethylamino-8-(2 : 4-dinitrophenyl)ethane picrate, similarly obtained from CH,O (3°75 c.c. 
of 40% solution; 0-1 mol.), NHEt, (3-65 g.; 0-1 mol.), and 2: 4-dinitrotoluene (9-1 g.; 0-1 
mol.) in EtOH, had m. p. 129—130° after recrystn. from C,H, (Found: C, 43-3; H, 3-7; 
N, 17-1. C,H ,7O,N3,Cg.H,O,N, requires C, 43-5; H, 4-0; N, 16-9%). 
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85. Studies in the Sterol Group. Part XVII. The Unsaturated 
Centres in Ergosterol. 
By I. M. HeILBron, A. L. Morrison, and J. C. E. Smmpson. 


DurinG the past few years many derivatives of ergosterol have been described, in the 
formation of which one or more of its three ethenoid linkages have been involved. Until 
recently, however, no precise information regarding the position in the molecule of any 
one of the unsaturated centres was available, despite the fact that they undoubtedly 
differ very widely in character. 

The first step towards the elucidation of this problem was made by Reindel and Kipphan 
(Annalen, 1932, 493, 181), who showed that ergosterol on ozonisation yielded methyliso- 
propylacetaldehyde, thus proving the presence of an ethylenic linkage in the side chain 
between C,.-C,, (I). Following upon this, Guiteras, Nakamiya, and Inhoffen (Amnalen, 
1932, 494, 116) found that «-dihydroergosterol also gave the above aldehyde on ozonisation 
but that «-ergostenol (tetrahydroergosterol) failed to do so, a result indicating that in the 
hydrogenation of ergosterol one of the two ethenoid linkages in the nucleus first becomes 
saturated and hydrogen is then added to the side-chain unsaturated centre. 
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We have now carried out a detailed study of the ergostadienetriol, first described by 
Windaus and Liittringhaus (Annalen, 1930, 481, 119), and have ascertained, in the first 
place, that all hydroxyl groups are contained in the nucleus, for ozonisation of the triol 
diacetate yields methylisopropylacetaldehyde. Further, although the addition of 
hydrogen to ergostadienetriol ceases when two atoms of hydrogen have been absorbed, 
the ergostenetriol thus formed (Windaus and Liittringhaus, Joc. cit.) undergoes isomerisation 
with hydrogen chloride in chloroform solution, giving an isomeric ergostenetriol B, m. p. 
191—193° (diacetate, m. p. 209—210°), which can now be further hydrogenated to the 
saturated ergostanetriol, m. p. 246—247°. These changes, as indicated in the annexed 
scheme, are wholly analogous to those involved in the hydrogenation of ergosterol, and 
provide adequate proof that the mechanism of reaction must be identical in both cases. 
From this it follows (a) that both ergostenetriol and «-ergostenol contain the same inert 
double bond, and (b) that the same nuclear double bond is involved in the formation of 
a-dihydroergosterol and ergostadienetriol. 


ga «-dihydroergosterol s. | a«-ergostenol he b-ergostenol z ergostanol 


ergosterol 


, a ., HCl . . ae , 
ergostadienetriol —+ ergostenetriol —+ ergostenetriol B —$ ergostanetriol 


Windaus and Liittringhaus (loc. cit.) have observed that both ergostadienetriol and 
ergostenetriol form a series of di-esters only. Ergostanetriol reacts similarly, furnishing 
a diacetate, m. p. 190—191°, while methoxyergostatriene (Heilbron and Simpson, J., 1932, 
268) reacts with perbenzoic acid, yielding a methoxyergostadienediol monobenzoate, m. p. ° 
158—159°, which resists further benzoylation. The methoxyergostadienediol, m. p. 174— 
175°, formed by hydrolysis again forms the monobenzoate on treatment with benzoyl 
chloride. It is obvious from these results that one of the hydroxyls introduced must be 
present as a tertiary carbinol, a conclusion supported by the fact that only diketone- 
alcohols are formed on oxidation of any of the triols with chromic anhydride (see experi- 
mental portion). The action of lead tetra-acetate upon both ergostadienetriol and methoxy- 
ergostadienediol has been examined and products (presumably keto-aldehydes) melting 
respectively at 155—156° and 105—106° isolated. 

These results prove (a) that the formation of ergostadienetriol (and consequently also 
of «-dihydroergosterol) has involved direct 1 : 2-addition to the reactive nuclear double 
bond (cf. Criegee, Ber., 1931, 64, 260), (b) that this double bond must be present as a 
>C—CH- group, (c) that the inert double bond in a-ergostenol * and ergostenetriol must 
also be present in ergosterol and in «-dihydroergosterol, and (d) that, provided, as seems 
likely from the evidence of Diels and Karstens (Annalen, 1930, 478, 129), that the nuclear 
skeleton of ergosterol is identical with that of cholesterol, the only possible positions for 
the reactive nuclear ethylenic linkage must be between C;—-C, or C,-C,,. Of these the 
5 : 6-position was arbitrarily suggested (Heilbron, J. Soc. Chem. Ind., 1932, 51, 1061) in 
view of the close analogy of ergostanetriol to cholestanetriol (Pickard and Yates, J., 1908, 
93, 1678), which can only be represented as cholestane-3 : 5 : 6-triol (Windaus, Z. physiol. 
Chem., 1932, 213, 149). A difficulty is here encountered, for, arising from the work of 
Inhoffen (Annalen, 1932, 497, 130) and of Guiteras, Nakamiya, and Inhoffen (loc. cit.), it 
would appear that the two nuclear double bonds are contained in one ring, and for these 
Rosenheim and King (J. Soc. Chem. Ind., 1932, 51, 954) have suggested positions C;-C, 
and C,-C,. Although the reactions of ergosterol, as shown by the formation of a maleic 
anhydride addition product and by its reduction with sodium and alcohol (Windaus and 
Brunken, Annalen, 1928, 460, 225), certainly point to the presence of a conjugated system, 
the evidence now advanced shows that such a system is unlikely to be of the above normal 


* Professor Sugden has kindly examined the parachor of this substance which is in agreement with 
that required by an alcohol containing an ethylenic link and not a bridged ring. 
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type. Observations by Windaus (Nach. Ges. Wiss. Gétt., 1929, 159; Ber., 1931, 
64, 850) on the reaction between ergosterol and maleic anhydride had also previously 
indicated that ergosterol did not contain a normal conjugated system in one ring. 

A careful scrutiny of the whole of the experimental data leads us to the view that it is 
possible adequately to represent the whole of the observed facts by a formulation con- 
taining both double bonds in Ring B only if these are in positions C;-C, and C,-C,. In 
this event “‘ conjugative ” reactions must be preceded by the shift of the reactive nuclear 
bond to C,-C,. On the other hand, if the reactive ethenoid linkage be situated between 
C,-C,, and the inert double bond between C,—C,,, an abnormal conjugated system con- 
taining both the double bonds in one ring is provided which will satisfactorily explain the 
known reactions of ergosterol (I) without necessitating the assumption of any isomeric 
change to account for its reaction with maleic anhydride and with sodium and alcohol. 

8-Dihydroergosterol—Heilbron, Johnstone, and Spring (J., 1929, 2248) have described 
the conversion of «-dihydroergosterol into the isomeric $-dihydroergosterol, which com- 
pound was stated to furnish «-ergostenol on hydrogenation with a palladium catalyst 
(see also Dithmar and Achtermann, Z. physiol. Chem., 1932, 205, 55). We have now found 
that ozonisation of §-dihydroergosterol yields methylisopropylacetaldehyde. Since 
a-dihydroergosterol contains the side-chain and inert nuclear double bonds, its trans- 
formation to the $-compound must accordingly involve either (a) cis-trans-isomerism 
round the side chain ethylenic linkage C,,—C,, or (b) shift of the inert nuclear double bond, 
as in the change a-ergostenol —-> §-ergostenol (Heilbron and Wilkinson, J., 1932, 1708). 
Of these two hypotheses, (b) was considered the more probable, and the hydrogenation 
of $-dihydroergosterol was re-examined, since, if (b) be correct, ergostanol should result. 
Actually, it has been found that hydrogenation in acetic acid solution with a platinum 
oxide catalyst produces both a-ergostenol and ergostanol. We therefore consider it 
probable that pure 6-dihydroergosterol has not so far been isolated, and that the compound, 
m. p. 123—124°, represents a eutectic mixture of a- and 8-isomerides, as in the case of the 
isomeric ergostenols (Heilbron and Wilkinson, Joc. cit.). This involves the question whether 
ergosterol E (Heilbron, Johnstone, and Spring, Joc. cit.), which is certainly anomalous 
in failing to show selective absorption, is a pure compound, and this point is being 
reinvestigated. 

The action of acetic acid (cold or hot) and platinum oxide produces no isomerisation of 
the inert nuclear double bond, since ergosteryl acetate has been found by us under these 
conditions to give exclusively «-ergostenyl acetate on hydrogenation. We believe that 
instances in the literature in which complete or partial hydrogenation of ergosterol to 
ergostanol is reported are due to isomerisation in situ produced by traces of hydrogen ion, 
since Dithmar and Achtermann (loc. cit.) have recorded the saturation of certain derivatives, 
which must contain the inert nuclear double bond, by hydrogenation in presence of hydrogen 
chloride. 

The Double Bond in $-Ergostenol.—Rosenheim and King (J. Soc. Chem. Ind., 1932, 
51, 464) state that experimental evidence indicates the presence in dihydroxycholenic 
acid of an ethenoid linkage between C,,—C,, (cf. I). Arising from the work of Morrison and 
Simpson (J., 1932, 1710) it would appear that 6-ergostenol contains the same double bond 
as this acid, and therefore on treatment with ozone should yield methylisopropylacetal- 
dehyde. No trace of this substance was, however, observed on ozonisation either of this 
alcohol or of dehydroergostenol. 

EXPERIMENTAL. 

Ergostadienetriol monobenzoate was prepared by treatment of ergosterol with perbenzoic 
acid as described by Windaus and Liittringhaus (/oc. cit.) and was isolated in better yield (40%) 
by the following procedure. The gelatinous residue left after distillation of the CHCl, under 
reduced press. was digested first with light petroleum and then with hot MeOH. After one 
recrystn. from Et,O—MeOH or from AcOEt, pure ergostadienetriol monobenzoate, m. p. 194°, 
was obtained. Ergostadienetriol monobenzoate gives an immediate pink coloration with a 
CHCl, solution of SbCl,. 

Ergostadienediolone Monobenzoate.—A solution of CrO, (2 g.) in AcOH (60 c.c.) and H,O 
(2 c.c.) was added during } hr. to a well-stirred solution of ergostadienetriol monobenzoate 
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(5 g.) in AcOH (300 c.c.), the temp. being kept between 35—40° during the addition and main- 
tained for a further } hr. The reaction mixture was diluted with H,O, and the pptd. ketone 
crystallised from EtOAc (yield, 70%). Evrgostadienediolone monobenzoate formed needles, 
m. p. 217—218°, sol. in CHC], but sparingly sol. in other solvents. On heating with dil. alc. KOH, 
the solution turned dark brown almost immediately, but no cryst. product could be isolated 
(Found: C, 78-3; H, 8-9. Cg 3;H4gO, requires C, 78-9; H, 90%). The 2: 4-dinitrophenyl- 
hydvazone, prepared by Allen’s method (J. Amer. Chem. Soc., 1930, 52, 2955), formed red needles 
(from EtOAc), m. p. 232° (decomp.) (Found: N, 8-9. C,,;H;,0,N, requires N, 7-9%). 

Ergostadienedionol was prepared from ergostadienetriol (5 g.) as described above, CrO, 
(4 g.) in AcOH (60 c.c.) and H,O (5 c.c.) being used. Heating was continued for a further 
i} hr. The diketone crystallised from CHCl,—-MeOH in plates, m. p. 249° (decomp.), sparingly 
sol. in cold CHCl, and almost insol. in other solvents (Found: C, 78-8; H, 10-2. C,,H,,O; 
requires C, 78-5; H, 10°3%). The monoxime, prepared in the usual manner, separated from 
EtOH in needles, m. p. 232—233° (decomp.) after softening at 225° (Found : N, 3-3. C,,H,,0O,N 
requires N, 3-2%). 

Methoxyergostadienediol Monobenzoate.—A solution of perbenzoic acid in CHCl,, containing 
0-22 g. active O,, was added slowly with stirring to one of methoxyergostatriene (5 g.) in CHCl; 
(100 c.c.) at — 15°. After standing over-night in the ice-chest, the solution was washed with 
Na,CO, aq. and with H,O, and dried. The CHCl, was removed under reduced press., and the 
residual oil was dissolved in low-boiling petroleum (20 c.c.), from which it slowly crystallised. 
Methoxyergostadienediol monobenzoate separated from MeOH in needles, m. p. 158—159°, and 
gave a pink coloration with SbCl, (Found: C, 78-4; H, 9:3. C3.H;,O,4 requires C, 78-8; H, 
9-5%). On hydrolysis with alc. KOH methoxyergostadienediol was obtained, which crystallised 
from aq. MeOH in long prisms, m. p. 174—175° (Found: C, 78-3; H, 10-9. C,,H,,0, requires 
C, 78-4; H, 10-8%). Benzoylation yielded the original monobenzoate, m. p. 158—159°. 

Ozonisation of Ergostadienetriol Diacetate, m. p. 181°.—This was carried out by the method 
of Guiteras, Nakamiya, and Inhoffen (/oc. cit.). The ozonide was decomposed in the usual 
way, the aldehyde removed in steam, and the semicarbazone formed. After two recrystns. 
from H,O it had m. p. 129—130°, alone or mixed with methylisopropylacetaldehydesemi- 
carbazone obtained from ergosterol. 

Action of Lead Tetra-acetate on Ergostadienetriol and Methoxyergostadienediol.—Ergostadiene- 
triol (1 g.) was shaken with a solution of lead tetra-acetate in AcOH (75 c.c. of N/10) until it 
dissolved, and left for 2 hr. at room temp. Excess of lead tetra-acetate was reduced by aq. 
KI—AcONa, and the free I, dissolved by shaking with N/10-Na,S,0;. The product was extracted 
with Et,0, washed free of AcOH, dried, and recrystallised from 80% MeOH until the m. p. 
remained const. at 155—156°. The keto-aldehyde crystallised in needles, very sol. in EtOH 
(Found: C, 78-0; H, 10-2. C,,H,,O, requires C, 78-5; H, 10-3%). Ergostadienetriol mono- 
benzoate is unaffected by lead tetra-acetate. 

Methoxyergostadienediol was treated with lead tetra-acetate solution in the same manner 
and yielded a product, m. p. 105—106° (Found: C, 78-3; H, 10-6. C,9H,,O, requires C, 78-7; 
H, 10-4%). 

Ergostenetriol B.—Dry HCl was passed for 3 hr. into a 5—6% solution of ergostenetriol 
diacetate (m. p. 171—173°) in dry CHCl, maintained at — 5°. The solution was washed 
successively with dil. Na,CO, aq. and H,O, and dried, and solvent removed. The residual oil 
crystallised immediately from warm EtOH, in which it was sparingly sol. Pure ergostenetriol B 
diacetate separates from C,H,-EtOH in rhombs, m. p. 209—210° (yield, 20—25%) (Found : 
C, 74:3; H, 10-0. C,,H;,0, requires C, 74-4; H, 10-1%). Hydrolysis of the diacetate with 
2% alc. KOH yielded the free triol, which crystallised from EtOH in soft plates, m. p. 
191—193°. 

Ergostanetriol Diacetate—Ergostenetriol B diacetate was hydrogenated at 2 atm. press. in 
AcOH-AcOEt (5 : 2) with Adams’s PtO, at room temp. The solution was filtered from catalyst, 
concentrated under reduced press. to small bulk, and pptd. with H,O. Pure ergostanetriol 
diacetate crystallised from EtOH, in which it was moderately easily sol., in hard cubes, m. p. 
191° (Found: C, 74:0; H, 10-7. C,,H,,0,; requires C, 74:1; H, 10-4%). The free ergostane- 
triol obtained by hydrolysis with alc. KOH separated from EtOH in prismatic needles, m. p. 
246—247°, from which the original diacetate was regenerated on heating with Ac,O. 

Ozonisation of 8-Dihydroergosterol—A suspension of the acetate (1-9 g.) in AcOH (19 c.c.) 
was treated with ozonised O. After solution was complete (about 1 hr.) the liquid was diluted 
with H,O and distilled until no more oily drops passed over. On working up the distillate by 
Guiteras, Nakamiya, and Inhoffen’s method (loc. cit.), methylisopropylacetaldehydesemi- 
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carbazone (0-1 g.) was obtained, which after one recrystn. from H,O had m. p. 130° alone or 
mixed with an authentic specimen. 

Under the same conditions no trace of aldehyde could be obtained from either B-ergostenol 
or dehydroergostenol. 

Hydrogenation of 8-Dihydroergosterol.—The acetate (1-5 g.) in AcOH (150 c.c.) was shaken 
with H at room temp. in presence of Adams’s PtO, (0-3 g.). After reactivation of the catalyst 
and repeated agitation, the solution was filtered and concentrated under reduced press. The 
residue after 3 crystns. from abs. EtOH yielded the characteristic sparingly sol. prisms of 
ergostanyl acetate (m. p. 143°), giving no depression in m. p. on admixture with an authentic 
specimen (yield of pure product, 0-4 g.). From the combined mother-liquors a further crop of 
impure ergostanyl acetate was obtained, and finally a small amount (0-15 g.) of «-ergostenyl 
acetate was isolated, m. p. 105—106°, which did not depress the m. p. of pure a-ergostenyl 
acetate (109—110°). 
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86. The Mobility of Groups containing a Sulphur Atom. Part II, 
By Douctas W. Cowie and Davip T. Gisson. 


THE exchange reaction (I) —> (II; R’ = Ac) (J., 1932, 1819) has been further explored. 

With R = Et or cyclohexyl and R, = #-tolyl, exchange is readily observed, the product 

being purer than when both R and R, = #-tolyl, for any unchanged material (I) is an oil 
(L) R+SO,:CH,R’ ~—*—> R,-SO,CHR"SMe (IL) 

in the former case, whereas in the latter case it is a solid, which crystallises with (II). On 

the other hand, replacement was not observed with R = #-tolyl or #-C,H,Cl and R, = Et 

or d-camphoryl. 

Similar differences in behaviour between alkyl- and aryl-sulphonyl derivatives were 
found in the work on methionic acid by Schroeter (Annalen, 1919, 418, 167) and by Arndt 
and Martius (7bid., 1932, 499, 238) and on chloramine-T by Clutterbuck and Cohen (J., 
1922, 121, 120; 1923, 123, 2507). Moreover, (III; X = Ph), (IV; X= Y=Z= Et), 
and (IV; X = Y = Et, Z = Ph) yield the trisulphones (Laves, Ber., 1892, 25, 348, vide 
infra; Fromm,* Ann. Chem. Pharm., 1889, 253, 166). On the other hand, (III; X = Et) 
and (IV; X = Ph, Y = Z = Et) each lose an ethylsulphonyl radical on oxidation (Bau- 
mann, Ber., 1886, 19, 2811; Holmberg, Ber., 1907, 40, 1742; Tréger and Nolte, J. pr. 
Chem., 1921, 101, 136). We found, however, that by oxidising (IV; X = Y = Z = Et) 
with perhydrol, the trisethylsulphonylmethane can be prepared. 

cue onan X CH, Me, r 


—SO,Y - H 
2 
ONS ONS H,*SO,*CAc 
(III.) (IV.) (V.) 


This one-sided replacement of ethylsulphonyl in (I; R = Et) isin striking contrast to 
the previous observation that bis-sulphonylmethanes do not undergo exchange at all, and 
what was then found among the methyl derivatives has now been confirmed for the cor- 
responding ethyl compounds. As, however, there still remained the possibility that some 
replacement of #-tolylsulphonyl by ethylsulphonyl was being overlooked by reason of the 
product’s elusiveness, experiments were tried with d-camphorsulphonyl derivatives. 
d-Camphorsulphonylacetone could not be prepared, for it loses water spontaneously, 

* Fromm records it as giving a blue colour with sulphuric acid, which indicates that it was probably 
contaminated with sulphoxide, but we have obtained a specimen giving no colour. 
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forming a cyclic anhydride (V), which resembles Armstrong and Lowry’s camphorsul- 
phonanhydramide (J., 1902, 81, 1441) in being strongly levorotatory. On the other hand, 
Hilditch’s methyl d-camphorthiolsulphonate (J., 1910, 97, 1091) converted #-tolylsul- 
phonylacetone into #-tolylsulphonyl-«-methylthioacetone, and from the fact that the 
crude material was inactive, it may be inferred that no appreciable exchange of radicals 
occurred. 

Mercaptans readily reduce type II (R’ = Ac or SO,Et) to unsubstituted sulphonyl- 
acetones or sulphonylmethanes, but although the reaction proceeds without alkali (cf. 
Smiles and Gibson, J., 1924, 125, 180), a mixture of disulphides, rather than 4-chloro- 
diphenyl disulphide, was obtained by the action of 4-chlorothiophenol on bisethylsul- 
phonylphenylthiomethane. 

2C,H,Cl-SH 
2(C,H,*SO,),CH-SPh —-——-> 2(C,H,°SO,),CH, + (*SPh). + (*S°*CgH,Cl), 
(Type II.) (Type I.) 
C,H,Cl,SH C,H,Cl,"SO,'S-C,H,Cly 
p-CgH,Me’SO,*CH(SMe)Ac > p-C,H,Me-SO,°CH,Ac > 
(Type IL.) (Type I.) p-C,H,Me’SO,°CH(S-C,H,Cl,)Ac 





This reducing action, by mercaptan liberated from thiolsulphonic ester, followed by 
resubstitution of (I), explains the conversion of #-tolylsulphonylmethylthioacetone into 
p-tolylsulphonyl-2 : 5-dichlorophenylthioacetone, recorded previously (Gibson, loc. cit., 
p. 1822). 

These results prompted us to reinvestigate the bisarylsulphonylpropanes. In attempt- 
ing to prepare afy-trisphenylsulphonylpropane, Otto (Annalen, 1894, 283, 183) isolated 
a substance C;H,(SO,Ph),, m. p. 101°, which we designate XX’. As it was distinct from 
the known «$- and «y-bisphenylsulphonylpropanes, he tentatively suggested (cf. footnote, 
ibid., pp. 199, 201) that it might be a stereoisomeric «$-form. He discovered a correspond- 
ing p-tolyl derivative also, and Tréger and Artmann (J. pr. Chem., 1896, 53, 493), who 
isolated a third ‘‘ bisnaphthylsulphonylpropane,” accepted his explanation. As, however, 
the mobility of the sulphonyl group introduced a new factor, we re-examined the com- 
pounds, and have shown for the three phenyl derivatives that the molecular weights of 
the relevant compounds are simple and that XX’ cannot be either 68’-bisphenylsulphonyl- 
propane (Shriner, Struck, and Jorison, J. Amer. Chem. Soc., 1930, 52, 2060) or a«’-bis- 
phenylsulphonylethane (m. p. 101°, Otto, J. pr. Chem., 1884, 30, 171) or ««’-bisphenyl- 
sulphonylpropane, for these distinctly depress the m. p. of XX’. 

Consideration of Stuffer’s rule (Ber., 1890, 23, 1411) suggested that XX’ might be a 
difficultly separable mixture of «$-bisphenylsulphonylpropane with one or more other 
sulphones, but this also must be rejected, for XX’ is distinctly less volatile in a vacuum, 
and is the only one of all those phenyl derivatives to be oxidised by cold aqueous per- 
manganate. Moreover, an artificial «f—-xcy-mixture was readily separated by crystallis- 
ation. Meanwhile the m. p. of a stoppered specimen of XX’ was found to have risen from 
101° to 123°, and was then not depressed by admixture with the «y-disulphone. This 
observation (incidentally eliminating any possibility of unsaturated or cyclopropane 
sulphones) recalled Kenyon and Phillips’s observation (J., 1930, 1677) of the spontaneous 
change of phenylmethylcarbinyl #-toluenesulphinate into the corresponding #-tolylsul- 
phone, and supported the idea that Otto’s compound is SO,Ph:CH,°CH,*CH,*O-SOPh, 
which was confirmed by an extension of Tréger’s work. By the action of sodium benzene- 
sulphinate on $-naphthylsulphonyl-8y-dibromopropylsulphone, he obtained what he re- 
garded as «-(8-naphthylsulphonyl)-$-phenylsulphonylpropane, but as we have prepared 
the same compound from sodium f-naphthylsulphinate and «-phenylsulphonyl-fy-di- 
bromopropylsulphone, there seems no doubt that the substituents must be in the terminal 
positions : 


CH,Br Cyy'$0,Na CHy'SO,C,pH, _Ph'S0.Na CH,SO,-C,,H 
CHBr<cH,-S0,Ph ~ > “Hs<cHso-Ph | * ___ CHBr<qag * *’ 
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EXPERIMENTAL. 


Methane- and ethane-sulphonyl chorides were prepared by shaking Me,SO, and Et,SO, 
respectively at 75° with Na,SO, aq., evaporating the solution to dryness, refluxing the residue 
with POCI,, and distilling it in vac. (cf. Dutt, J., 1924, 125, 1463). The sulphinic acids were 
obtained by reduction with Zn (Amnalen, 1890, 259, 363). Ethylsulphonylacetone (Otto, 
Ber., 1891, 24, 868) had b. p. 145°/11 mm. Owing to ease of hydrolysis of the sulphony] 
chlorides, a better yield of ethyl ethanethiolsulphonate (b. p. 120°/11 mm.) is obtained by oxidis- 
ing diethyl disulphide with perhydrol in AcOH at 70° than by Otto’s or Fichter and Braun’s 
method (Ber., 1882, 15, 121; 1914, 47, 1530). 

Ethylsulphonylacetone, ethyl ethanethiolsulphonate, and Na,CO, gave ethylsulphonyl- 
ethylthioacetone (yield 75%), b. p. 102—109°/0-2 mm. (Found: S, 30-2. C,H,,0,S, requires 
S, 30-5%), which on hydrolysis and oxidation gave bisethylsulphonylmethane, m. p. and mixed 
m. p. 102°, in 60% yield. 

Ethylsulphonylacetone, methyl p-toluenethiolsulphonate, and Na,CO, (equal mols.) gave 
a 6% yield of p-tolylsulphonyl-a-methylthioacetone, m. p. and mixed m. p. 81°; with 2} mols, 
of thiolsulphonate, the yield was 12%. In each case some p-tolylsulphonylmethylthiomethane 
(oxidised, and identified as disulphone) was obtained, but since, in the second expt., 70% of 
p-toluenesulphinic acid was recovered, the max. exchange was less than 30%. 

cycloHexylsulphonylacetone was prepared from Mg or, better, Na, cyclohexylsulphinate, 
and chloroacetone; the alk.-sol. reaction product solidified on pptn. by H,SO,; m. p. 40°, 
b. p. 135°/0-2 mm. (Found: S, 15:7. C,gH,,0;S requires S, 15-7%). With 2 mols. of methyl 
p-toluenethiolsulphonate (Na,CO;) it gave -tolylsulphonyl-a-methylthioacetone, m. p. 82° 
(identified as above). 

p-Tolylsulphonylacetone, Na,CO;, and ethyl ethanethiolsulphonate (8 mols.) gave p-tolyl- 
sulphonyl-«-ethylthioacetone, m. p. and mixed m. p. 96° (60% yield). 

p-Tolylsulphonyl-«-methylthioacetone with sodium cyclohexylsulphinate (5 mol.) and 
Na,CO, gave p-tolylsulphonylmethylthiomethane, m. p. and mixed m. p. 81°. 

Anhydro-d-camphorsulphonylacetone.—Sodium d-camphorsulphinate (Hilditch, Joc. cit.) 
and chloroacetone gave a product largely insol. in alk. (the alk. extract gave the same product 
on acidification) ; recryst. from dil. AcOH, it had m. p. 178° (Found: C, 61-0; H, 7-1; S, 12-4, 
12-7. C,3;H,,0,S requires C, 61-3; H, 7-1; S, 12-6%); [a}ie ereen — 115° (¢ = 0-5% in EtOH). 

p-Tolylsulphonylacetone, Na,CO 3, and methyl d-camphorthiolsulphonate (5 mol.) gave a 
70% yield of p-tolylsulphonyl-«-methylthioacetone; its solution was inactive. Camphor- 
sulphinic acid (25%) was recovered, but no trace of p-toluenesulphinic acid. A parallel expt. 
with 4-chlorobenzenesulphonylacetone gave 4-chlorobenzenesulphonylmethylthiomethane. 

4-Chlorophenylsulphonylacetone, d-dicamphoryl disulphoxide, and Na,CO, (equal mols.) 
gave an alk.-sol. solid which, pptd. by AcOH and recryst., had m. p. 149—150° (Found: C, 
55:3; H, 5-7. C4 gH,,0,CIS, requires C, 55-0; H, 5-6%). 

Trisethylsulphonylmethane.—Bisethylsulphonylmethane, ethyl ethanethiolsulphonate (or 
ethyl p-toluenethiolsulphinate), and Na,CO, gave bisethylsulphonylethylthiomethane, m. p. 71° 
(from H,O) (Found: S, 37-4. C,H,,0,S,; requires S, 37-0%). The trisulphone, formed by 
oxidation with H,O,, was sol. in hot H,O and did not separate on cooling till acidified; m. p. 
212°, unaffected by sublimation in vac. (Found: C, 28-4; H, 5-5; S, 31-8; equiv., 297. 
C,H,,0,S, requires C, 28-7; H, 5-5; S, 329%; equiv., 292). 

Attempted Preparation of Phenylsulphonylbisethylsulphonylmethane.—Phenylsulphonylethyl- 
sulphonylmethane, ethyl ethanethiolsulphonate (or ethyl -toluenethiolsulphonate) (equal 
mols. or excess), and Na,CO, gave phenylsulphonylethylsulphonylethylthiomethane, m. p. 108° 
(Found: S, 31-5, 30-9. C,,H,,0,53 requires S, 31-2%). Cold KMnO, or perhydrol afforded 
a product, m. p. 135—139°, which gave a blue coloration with anisole in H,SO,. The substance 
was destroyed by warm H,O, in AcOH (Found: S, 30-1; equiv., 314. C,,H,,0,;S, requires 
S, 296%; equiv., 324). 

“* Bisphenylsulphonylpropane.”’—The following modification gave a better yield than Otto’s 
method. An alc. sol. of NaOH (1 mol.) and sodium benzenesulphinate (2-2 mol.) was gradually 

added to a boiling alc. solution of phenyldibromopropylsulphone (1 mol.) during 3 days. The 
product (yield 35%) had m. p. 101° (Found: M, 308. Calc. for C,;H,,0,S,: M, 324); 12% 
of trisphenylsulphonylpropane was also formed. The former (XX’) was readily hydrolysed by 
warm alkali and oxidised by cold dil. KMnO,; mixed with a«’-bisphenylsulphonylethane (m. p. 
101°) (from CH,-CHO and Ph-SH, and subsequent oxidation, or by methylation of bisphenyl- 
sulphonylmethane), it gave a distinct depression in m. p. 










—_—a Cl 





Studies in Dielectric Polarisation. Part VI. 309 


ax’-Bisphenylsulphonylpropane (Found: M, 325. C,;H,g0,S, requires M, 324) was pre- 
pared either by perhydrol oxidation of aa’-bisphenylihiopropane (Found: M, 247, Cys5HyS, 
requires M, 260), from Et-CHO and Ph-SH, or by ethylation of bisphenylsulphonylmethane. 
Each method gave the same product, m. p. 97—98°, which showed a distinct depression of m. p. 
with XX’ and differed further in being resistant to hydrolysis and to oxidation. The a®- and 
ay-bis-sulphonylpropanes prepared by Otto’s method did not decolorise KMnO, and showed 
no evidence of forming a difficultly separable mixture, but the «y-disulphone underwent practic- 
ally no depression in m. p. on admixture with XX’. ‘These facts, together with the rise in m. p. 
on keeping (see p. 307), accord with a sulphinic ester changing to sulphone, and as that spon- 
taneous change with methyl @-naphthylsulphinate is accompanied by the formation of some 
g-naphthyl 8-naphthylthiolsulphonate, we attribute the fact that our XX’ never quite reached 
the m. p. 128° of our purest specimen of «y-bisphenylsulphonylpropane to contamination with 
a little phenyl benzenethiolsulphonate. Several attempts to synthesise the XX’ propane in 
other ways were unsuccessful. For instance, «y-dibromopropane gave no reaction with silver 
benzenesulphinate; the di-iodopropane gave an oil; addition of thiophenol to phenylallyl- 
sulphone, followed by oxidation, gave directly «y-bisphenylsulphonylpropane. 

Benzenesulphonyl-B-naphthalenesulphonylpropane.—The reaction of «f-dibromo-y-(8-naphthyl- 
sulphonyl) propane with sodium benzenesulphinate, carried out as described above for the XX’ 
propane, gave Tréger and Artmann’s compound, m. p. 123°. «-Dibromo-y-phenylsulphonyl- 
propane with sodium 8-naphthylsulphinate in the same way gave the same compound. Each 
specimen was easily hydrolysed and oxidised. 

p-Toluene Derivatives——The three compounds (a8-, wy-, and XX’-), prepared analogously 
to the phenyl compounds, melted at 145°, 125—129°, and 154° respectively (Otto gives 
145°, 125—129°, and 148°). We found that XX’, but not «$-, was oxidised by KMnQ,, and 
that a mixture of the two showed a distinct depression in m. p. An attempted prepn. of XX’ 
by addition of p-toluenesulphinic acid to p-tolylallylsulphone gave only p-tolyl disulphoxide. 

8-Naphthyl Derivatives —The three propanes had the m. p.’s given by Tréger and Artmann ; 
only the XX’ isomeride decolorised KMnO,. A mixture of the a#y- and the XX’ compound 
showed distinct depression of m. p. An attempt to prepare this compound by heating methyl 
@-naphthalenesulphinate with ethylene glycol gave only §-naphthyl 6-naphthylthiolsulphonate. 


The authors are indebted to the Chemical Society for a grant, and to the Donaldson Trustees 
for a scholarship (D. W. C.). 
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By Eric C. E. HUNTER and JAMEs R. PARTINGTON. 


Part VI. BENZENE SOLUTIONS OF ETHYL AND BENzYL HYPONITRITES AND s-METHYL 
SULPHITE; DIOXAN SOLUTIONS OF NITROAMINE; PARACHORS OF METHYL, ETHYL, 
AND 2-BuUTYL HYPONITRITES. 


Two groups of isomeric substances of the formula RHN,O, exist. The members of the 
first group, the nitroamines (Franchimont; Thiele and Lachmann, Amnalen, 1895, 288, 
269) are neutral, decomposed by alkali at high temperatures with separation of the two 
nitrogen atoms, and are nitro-derivatives of ammonia, NRH-NO,, corresponding with the 
parent substance nitroamine (I). The members of the other group, the ssonitroamines, 


(I) NH,-NO, (II.) NH(NO)-OH 


are true acids in aqueous solution or in ether, and are usually unstable. Their chemical 

reactions do not lead to any very definite structure for them, but they are usually regarded 

as nitroso-derivatives of hydroxylamine, NO-NR-OH, corresponding with the parent 

nitrosohydroxylamine (II) (Bamberger, Ber., 1894, 27, 1553; Angeli, zbid., 1896, 29, 1884; 

Hantzsch and Sauer, Annalen, 1898, 299, 67; Traube, ibid., 1898, 300, 81; Hantzsch and 

Dolfuss, Ber., 1902, 35, 258; Angeli and Angelico, Gazzetta, 1903, 33, 239). From iso- 
id 





| 
) 
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nitroamines are derived stable nitroamine salts, such as the sparingly soluble mercury 
salt; the acid strength depends on the electrochemical properties of R, and they give 
two kinds of esters, NR,R,*NO, and NR,:NO-OR, (Hantzsch, Ber., 1902, 35, 265; Baur, 
Z. physikal. Chem., 1897, 23, 409). Hantzsch (loc. cit.) represents the tautomeric change 
of isonitroamines as follows : 
ees O unm H 
R-NH-NO, == R:N:N—OH = RNNC + 


JO. , + 
R-NH-NO, == R-'N—N-OH = R-N—N-O— +H. 


Free nitroamine (Thiele and Lachmann, Ber., 1894, 27, 1909; Amnnalen, 1895, 288, 
267; Thiele, Ber., 1896, 29, 78x; Annalen, 1897, 296, 100; Hantzsch and Kaufmann, 
ibid., 1896, 292, 317; Baur, ibid., 1897, 296, 95) was given formula (II) by Thiele, whilst 
Hantzsch, who at first regarded it as the cis-isomeride of hyponitrous acid, HO-N°N-OH 
(Annalen, 1896, 292, 340; 1897, 296, 84, 111), now considers (Ber., 1930, 63, 1270) that it 
has formula (II). Cahili and Szegé (Ber., 1928, 61, 2081), from an examination of the 
absorption spectra of diazotates, also reject the hypothesis of stereoisomerism. 

Nitroamine does not behave as a true amide of nitric acid, since it does not give nitrate 
ion and ammonia on alkaline hydrolysis but at once decomposes into water and nitrous 
oxide (Thiele and Lachmann, Joc. cit.; Brénsted and King, J. Amer. Chem. Soc., 1927, 
49, 193), thus behaving in presence of alkali in the same way as hyponitrous acid in presence 
of acid. Free nitroamine was prepared in the crystalline form according to the method 
of Thiele and Lachmann (Amnalen, 1895, 288, 297), and crystalline hyponitrous acid accord- 
ing to the method of Hantzsch and Kaufmann (Annalen, 1896, 292, 317), by Dr. Shah 
in this laboratory, but the latter substance proved too unstable to allow of any experiments 
being made with it. Experiments on the polarity of nitroamine were, however, successful. 

The alternative formule (III—IV®b) are possible for nitroamine : 


/ OMe 


III. —Nn70 +n /OH )NonOH ow. 
(III.) H,N NQo (IVa.) HNN 5 (IVb.) N (V.) OK ome 


\OH 


In strongly acid solution, in which it is stable, it is reduced to hydrazine (Thiele and Lach- 
mann, /oc. cit.), which reaction, together with its formation from nitrocarbamic acid, shows 
that two nitrogen atoms are directly linked in nitroamine and that both oxygen atoms are 
probably attached to the same nitrogen atom. On the assumption that the oxygen atoms 
are not labile, the formula may be (IVa) or (IVb) according as one or both hydrogen atoms 
take part in tautomeric change. 

For hyponitrous acid there is little evidence to show whether the oxygen atoms are 
attached to the same or different nitrogen atoms. There are six lines of chemical evidence 
available (Partington and Shah, J., 1932, 2589): (i) the formation from hydroxylamine 
and nitrous acid; (ii) the decomposition of acid and salts to give nitrous oxide; (iii) the 
spontaneous decomposition of the esters to give aldehydes and nitrogen; (iv) the failure 
to reduce the salts or esters to ammonia, hydroxylamine, or hydrazine; (v) the decom- 
position of the esters on alkaline hydrolysis to give nitrogen, without formation of hypo- 
nitrite ion; (vi) the absence of hyponitrous acid in aqueous solutions of nitrous oxide, 
since (a) the solution has the same conductivity as pure water, and (bd) alkalis reduce the 
solubility of the gas, whilst nitric acid slightly increases it (Lunge, Ber., 1881, 14, 2118; 
Geficken, Z. physikal. Chem., 1904, 49, 257; Knop, ibid., 1904, 48, 106; Manchot, Z. 
anorg. Chem., 1924, 141, 38). The nitrous oxide gas electrode has an abnormal behaviour 
(Partington; unpublishedy. The chemical evidence is not closely related to either geo- 
metrical isomeride of HO-N:N-OH (cf. Jones and Scott, J. Amer. Chem. Soc., 1924, 46, 

O 


A , 
2172), since compounds containing the -N:N- or the -N:N— group are usually reducible 
to the corresponding hydrazines. 
We have, therefore, measured the polarisations of benzene solutions of ethyl and 
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benzyl hyponitrites, prepared by Dr. Shah (Partington and Shah, J., 1932, 2589), and of 
s-methyl sulphite, and of dioxan solutions of nitroamine, as well as the parachors of some 
hyponitrous esters. The parachors are in satisfactory agreement with the formula 
HO-N:N-OH if the value 12-5 is taken for the double bond in —N:N— (Mumford and Phillips, 
J., 1929, 2116), but are over 10 units lower than the value calculated with the parachor 
23-2 for the double bond in -N:N— (Sugden, Reed, and Wilkins, J., 1925, 127, 1532; Linde- 
mann and Groger, Ber., 1930, 63, 715). The dipole moments are very small and leave 
little doubt that hyponitrous acid has the ¢vans-formula. It should, however, be remarked 
that the moments of resorcinol dimethyl ether (1-58 x 10748) and quinol dimethyl ether 
(1-74 x 10748) do not differ appreciably (Weissberger and Sangewald, Physikal. Z., 1929, 
30, 792), indicating the possibility of free rotation around the oxygen bonds, and this 
might well occur also in the case of the geometrical isomerides of hyponitrous esters. 
Since azobenzene and #’-dinitroazobenzene have zero moments (Bergmann, Engel, and 
Sandor, Ber., 1930, 63, 2572), it seems probable, however, that the ¢rans-structure correctly 
represents hyponitrous acid. 

The moment found for nitroamine is 3-75 x 1078. In considering formula (III) a 
comparison with the moment of #-nitroaniline (6-4 units; Tiganik, Z. physikal. Chem., 
1931, 14, B, 135), which is much higher, does not seem relevant, since some interaction 
seems likely to occur in this compound, probably on account of the presence of the benzene 
ring, since the moment of nitrobenzene is about 0-8 unit higher than that of nitromethane. 
The sum of the moments of nitromethane (about 3-0, see Part VII) and methylamine 
(1-23 units; Smyth, “‘ Dielectric Constant and Molecular Structure,” 1931, 201) is 4-23, 
which is higher than the observed moment. It is not impossible that a lowering of moment 
on account of interaction occurs, so that the formula (III) may be considered to be com- 
patible with the observed moment. There is, however, also a possibility that formula 
(IVb) may represent nitroamine in a non-polar solvent. Structures (IVa) and (IVb) 
differ only in that the semipolar double bond between nitrogen and oxygen in the first 
is replaced by a similar bond between nitrogen and nitrogen in the second, so that the 
moments of the two structures would probably not differ appreciably. Formula (IV) 
shows a pictorial resemblance to that of s-methyl sulphite (V), the moment of which, 
2:90 units, was accordingly measured. The effect of alkyl groups in reducing moments 
by induction (see Parts I and II) would lead us to suppose that the moment of the hypo- 
thetical s-sulphurous acid corresponding with the ester should be about 3-5 units, which is 
comparable with the value found for nitroamine. In any case the moment of nitroamine 
seems to rule out a geometrical isomeride of the molecule HO-N:N-OH. A choice between 
(IVa) and (IVb) involves the structure of nitrous oxide, which is readily formed by the 
decomposition of hyponitrous acid and nitroamine. The evidence on the whole (cf. Lewis, 
“Valence and the Structure of Molecules,” 1923; J. Chem. Physics, 1933, 1, 26; Lang- 
muir, J. Amer. Chem. Soc., 1919, 41, 868, 1543; 1920, 42, 274; Pauling, zbid., 1931, 53, 
1386; Mahanti, Physikal. Z., 1931, 32, 108; Plyler and Barker, Physical Rev., 1931, 38, 
1827; Bailey and Cassie, ibid., 1932, 39, 534; Bailey, Nature, 1932, 130, 239; Miiller, 
Z. Elektrochem., 1925, 31, 46, 143; Sidgwick, ‘“‘ Electronic Theory of Valency,”’ 1927, 
279; Langseth and Nielsen, Nature, 1932, 130, 92; Clusius, ibid., p. 775) seems to 
support a linear molecule with direct linkage of two nitrogen atoms rather than a molecule 
with the oxygen atom between the two nitrogen atoms, although | there is not complete 


agreement as to the nature of the bonds. Mahanti’s formula, N°: 0: N, is objectionable 


from several points of view and cannot be entertained. The old formula of Langmuir, 
N—N=O, seems to account satisfactorily for most of the properties and reactions, and 
the low polarity of the gas would then require that the moment of the N—N linkage 
should compensate the moment of the N—O linkage, to which assumption there seems to 
be no serious objection, although arguments from polarity are admittedly somewhat deli- 
cate (see Hammick, New, Sidgwick, and Sutton, J., 1930, 1876). On account of the very 
unstable character of the hyponitrous esters and nitroamine, the values found for the 
moments are only approximate, but since it is hardly likely that values of much greater 
accuracy can be found, there is no object in delaying publication of the present results. 
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EXPERIMENTAL. 








The determinations of surface tension and density for the parachors were made at room 
temp. 
t. D‘. y: P=Myt/D. P, calc. Diff., %. 
Ethyl hyponitrite .................+ 16° 0°953 21°44 266°5 267°5 0-4 
Propyl hyponitrite .................- 20 0-950 24-94 343°5 347°5 1-2 
Butyl hyponitrite .................. 18 0°936 26°50 421-7 421°5 15 






The determinations of polarisations were made with the apparatus previously described 
and the symbols are those previously used. 






Benzene Solutions. 
Ethyl hyponitrite, D?” 1-0326 (see J., 1932, 2594) ; 













ny 14047. s-Methyl sulphite, Df 1-0673; nj 1-4097. 
fe ‘., D?. é. Pq, C.C. Se | * D? . €. Ps, C.C. 
0 1 08792 2-280 26-55 0 1 08785 2281 26°58 
00248 0°9752 0°8838 2356 27°84 0-00828 0°99172 08810 2384 28-06 
00369 0°9631 08860 = 2-401 = 28-57 001874 0°98126 0°8854 2511 29°86 
Benzvl hyponitrite. 0-03024 0-96976 0-8892 2673 31°81 
00082 09918 ~ 0°8840 2-286 26-94 0-03663 096337 08914 2-773 33-01 









Dioxan Solutions of Nitroamine. 













0 1 10341 2-320 26°01 0°01398 0°98602 1:0379 2-620 29°64 
0:00665 0°99335  1:0360 2°465 27°92 0°02247 0°97753 1:0400 2°847 32°06 
} in Pr. Po. ux 1018, E.S.U. 
Htiryl Try POMbtrite .....ccsccccccccsssececs 80 29 51 15 (in C,H,) 
Bensyl MypPOmstrite — .....cccessccsceccese 75 71* 4 04 ” 
PEE DUNOD | soscccccnccsncicccesencs 202 25°5 176°5 2°90 - 
DPI onicrvinsauraiseiqumbedsarsanenen 305 10 * 295 3°75 (in dioxan) 


* Approx. values calc. from sum of at. refractions. 






BENZENE SOLUTIONS OF NITROMETHANE, NITROETHANE, AND 
NITRO-n#-BUTANE. 


The dipole moments of nitromethane in solution and in the gaseous state have been 
determined by Héjendahl (Thesis, Copenhagen, 1928) and in solution in benzene by Weiss- 
berger and Sangewald (Ber., 1932, 65, 701); that of nitroethane in the gaseous state was 
found by Héjendahl (of. cit.) and by Whitman (J. Opt. Soc. America, 1926, 21, 31), but 
no other measurements in solution beyond those quoted seem to be available. The 
moments of nitromethane, nitroethane, and nitro-u-butane have therefore been determined 
in benzene solution. The substances were specially purified by Dr. D. C. Jones and 
Mr. H. J. Moss, who kindly placed specimens at our disposal. 


Part VII. 
















EXPERIMENTAL. 






Se te np . €. P.. |» * ni . €. Py. 
Nitromethane, D? 1-1312; n#” 1-3797. Nitroethane, D® 10448; nj 1°3899. 
0 l 0°8792 2280 26°550 000881 0:99119 0°8806  2°409 28°308 





001127 0°98873 0°8809 2°424 28°449 0°02020 0°97980 0°8823 2°579 30°481 
0°01713 0°98287 08821 2°495 29°312 0°02228 0°97772 0°8826 2°614 30°907 
0°02495 0°97505 0°8833 2°612 30°714 0°03355 0°96645 0°8843 2-790 32°940 
0°03024 0°96976 0°8842 2°673 31°393 0°04095 0°95905 0°8855 2-924 34383 
0°03277 0°96723 0°8848 2-710 31°790 
0°04126 0°95874 0°8860 2°834 33°120 















Nitrobutane, D® 0-9662; nj} 1-4085. 
000803 0:99197 0-8800 2-403 28335 003394 0:96606 08829  2°800 33°508 
0-01761 0°98239 O-8811 2°548 30-315 003835 0°96165 0°8835 2-880 43°453 
002543 0°97457 0°8820 2°668 31-875 




















| Pr. Po. p X 10%, E.S.U. 
UID vdnccacourncsnevessticaseses 205 12°5 192°5 3°02 (in C,H,) 
DEED ‘uchbandvcsbsokssvidussiesed 232 17°0 215 3°19 i 
Pe hic pro ccctvcentcsnccee 253 26°4 228°6 3°29 a 
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The result for nitromethane is in good agreement with that found in solution by Héjen- 
dahl (op. cit.), viz., 3-05 : Weissberger and Sangewald (Ber., 1932, 65, 701) find 3-13. The 
value found for nitroethane vapour by Héjendahl and by Whitman (loc. cit.) was 4-03, 
which is considerably higher than that now obtained in solution. Since, however, the 
value for nitromethane in the vapour state found by Hdéjendahl, 3-78, is considerably 
higher than that in solution, this result is to be expected. The results show that appreci- 
able induction occurs in the hydrocarbon chain, the effect of the nitro-group extending 
at least as far as the third carbon atom. This is in striking contrast to the results for 
the corresponding nitrates, recently measured in this laboratory by Mr. E. G. Cowley, 
which show that little, if any, induction occurs. These results, and those for the corre- 
sponding nitrites, will shortly be submitted to the Society. 

The results also show that the moment of the nitro-group is distinctly smaller in the 
aliphatic series than in the aromatic series, the value for nitrobenzene being about 3-9 
(Williams, Fortschr. Chem., Band 20, Heft 5, Molekulare Dipolmomente, 1930, 36). Further 
discussion of this point is postponed until the results for the nitrites and nitrates are fully 


available. 
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thanks the Department of Scientific and Industrial Research for a maintenance grant. 
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NOTES. 


Additive Compounds of Pyridine. By SHIAM SUNDER JOSHI. 


THE halogen atom in 2:4- and 2: 6-dinitrohalogenobenzenes loses its reactivity towards 
pyridine when a methyl group is present in the m-position: 3-chloro-4 : 6-dinitro-, 3-bromo- 
4: 6-dinitro-, and 3-chloro-2-bromo-4 : 6-dinitro-toluene all fail to yield additive compounds. 

The first three of the following compounds were prepared in boiling EtOH, the others by 
mere heating of the components together. 

2-Bromo-4 : 6-dinitrophenylpyridinium chloride, orange-yellow crystals, m. p. 224°, from 
C,H, (Found: N, 11-5; Cl + Br, 32-0. C,,H,O,N,CIBr requires N, 11-65; Cl + Br, 32-0%). 
2-lodo-4 : 6-dinitrophenylpyridinium chloride, orange crystals, m. p. 219°, from dil. acetone 
(Found: N, 10-9; C, 32-2; H, 1:9. C,,H,O,N,CII requires N, 10-3; C, 32-3; H, 1-7%). 
4-Iodo-2 : 6-dinitrophenylpyridinium chloride, ruby-red crystals, m. p. 213° (decomp.), from 
C,H, (Found: N, 10-6. C,,H,O,N,CII requires N, 10-3%). 4-Bromo-2 : 6-dinitrophenyl- 
pyridinium chloride, dark red crystals, m. p. 212° (decomp.), from C,H, (Found: N, 11:35. 
C,,H,O,N,CIBr requires N, 11-65%). 4-Chlovo-2 : 6-dinitrophenylpyridinium chloride, orange- 
red crystals, m. p. 197°, from EtOH (Found: N, 13-6. C,,H,O,N,Cl, requires N, 13-3%). 
4-Bromo-2 : 6-dinitrophenylpyridinium bromide, red crystals, m. p. 193° (decomp.), from EtOH 
(Found: N, 10-85. C,,H,O,N,Br, requires N, 10-4%).—MEErRvutT CoLiteGce, MEERuT, INDIA. 
[Received, February 6th, 1933.] 





The Dissociation Constant of Acetic Acid. A Criticism. By D. J. G. Ives. 


JEFFERY and VOGEL (J., 1932, 2829) have redetermined the dissociation const. of HOAc, and 
to obtain the equiv. conductivity at zero concn., they measure the conductivities of solutions 
of NaOAc and KOAc. From the latter values they subtract the conductivity of the H,O 
used as solvent, and then apply a correction for hydrolysis, using the approx. relation 
a, = VK,,/C x K,, where ay is the degree of hydrolysis, Ky the ionic product for H,O, K, 
the approx. dissociation const. of the acid, and C the concn. of the salt. 

In adopting this procedure, the authors have, apparently, overlooked the fact that the 
corrections for the solvent and for the hydrolysis must be considered together. It is not per- 
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missible to estimate the extent of hydrolysis whilst neglecting the presence of an acid impurity 


in the solution. . 
The equilibria in a solution of the Na salt of a weak acid containing H,CO, as an impurity 


are as follows: 




















(1) NaA = Na’ + A’. (3) H,O —~ H’ + OH’. 
(2) H,CO, == H* + HCO,’. (4) A’ + H* — HA. 








All these equilibria are interdependent and must be considered together. The net effect of 
the hydrolysis (4) is not to increase the conductivity, but to reduce it. It must be remembered 
that the conductivity of the H,O used as solvent is almost entirely due to H’ ions, on account 
of their great mobility, and that these are almost entirely removed, together with some acid 
anions, by the hydrolysis. The increase in the concn. of OH’ ions necessary to maintain K,, 
const. is so small as to be insignificant. 

This can be seen by solving the following equation : 
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where K, and m are respectively the primary dissociation const. and the concn. of H,CO,, 
K, is the dissociation const. of the acid HA, and M the total concn. of the Na salt. This 
equation, derived from the above equilibria, expresses the degree of hydrolysis and indicates 
the electroneutrality of the solution. 

To consider the implications of this error, let x, be the total obs. conductivity of a 
given solution, and x, the corresponding value to which the normal H,O correction has 
been applied. Jeffery and Vogel assume that the equiv. conductivity A’ = x, x 103/C is 
greater than the true equiv. conductivity, A, of the salt by an amount due to the presence of 
alkali hydroxide. Actually, A’ is considerably Jess than the true A for the reasons above 
stated. 

This error in Jeffery and Vogel’s calculations accounts for the disagreement between their 
results for the equiv. conductivities of NaOAc and those of MacInnes and Shedlovsky (/. 
Amer. Chem. Soc., 1932, 54, 1429). As would be expected, the disagreement is greater the 
morelilute the solution. 

In a series of determinations of mobility recently carried out by the author, the Onsager 
equation was used for the purpose of extrapolation to zero concn., and it was found in the 
majority of cases that the A, values obtained from the more dil. solutions tended to be low. 
When, however, instead of the usual “ normal ”’ water correction, a true water and hydrolysis 
correction was applied according to the above equation, concordant results were obtained 
down to the lowest concns. This is of interest in that the use of a recognised extrapolation 
equation has provided an indication of an error which, evidently, might otherwise have been 
missed. 

Attention has already been drawn to this source o error in determinations of mobility by 
Davies (Trans. Faraday Soc., 1932, 28, 607).—IMPERIAL COLLEGE, LONDON, S.W.7. [Received, 


January 12th, 1933.) 































The Determination of Copper by the Salicylaldoxime Method. By S. Astin and H. L. RILEy. 





Tue cost of the reagent is a disadvantage in Ephraim’s accurate and convenient method for 
the determination of Cu by means of salicylaldoxime (Ber., 1930, 63, 1928). The reagent can 
be prepared directly from salicylaldehyde and NH,OH,HCI, however, at a very small cost, 
and the following expts. indicate that it is unnecessary to isolate the aldoxime. 
Salicylaldehyde (2-22 g.), dissolved in 8 c.c. of EtOH, was added to an equiv. quantity 
(1-27 g.) of NH,OH,HCI in 2 c.c. of H,O, the solution diluted with 15 c.c. of EtOH, and the 
mixture stirred slowly into 225 c.c. of H,O at 80°. This gave an approx. 1% solution of the 
reagent. The following table shows the results obtained when the above solution was employed 
to ppt. Cu from standard CuSO, aq. in presence of various amounts of NiSO, and HOAc. 
1 G. of NaOAc was added in each expt. and the vol. of the solution from which the Cu was 


pptd. was 150—200 c.c. 
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NiSO,,7H,O HOAc Cu NiSO,,7H,O HOAc Cu 
added, g. added,c.c. Ppt.,g. found, g. added, g. added,c.c. Ppt.,g. found, g. 
= 10 071172 0°0222 0-166 10 0°1176 0-0223 
0°042 10 071175 0°0223 0°083 20 0°1180 0°0224 
0°083 10 071178 0°0223 0°125 30 0°1180 0°0224 
Calc. 0°1177 0°0223 


The wt. of ppt. obtained when excess of CuSO, aq. was added to a definite vol. of the 
reagent indicated that the formation of salicylaldoxime had occurred to an extent about 90% 
of the theor. 


One of us (S. A.) is indebted to the Department of Scientific and Industrial Research for a 
grant.—ARMSTRONG COLLEGE (UNIVERSITY OF DURHAM), NEWCASTLE-UPON-TYNE. [Received, 
February 13th, 1933.] 





3 : 5-Dinitrobenzaldehyde. By HERBERT H. HopGson and ERNEstT W. SMITH. 


Cuprous hydride, prepared from CuSO,,5H,O (7 g.) in H,O (30 c.c.) and sodium hypophosphite 
(10 g. in 26 c.c. H,O and 4 c.c. conc. H,SO,) at 60°, was washed, drained, and allowed to react 
with 4-bromo-3 : 5-dinitrobenzaldehyde (10 g.), dissolved in CgH, (100 c.c.), for 3 hr. at 65—70° ; 
300 c.c. H,O were then added and the C,H, was removed by steam-distillation. The residual 
liquor after filtration deposited, on cooling, 3 : 5-dinitrobenzaldehyde, which, after treatment 
with hot aq. HCl to remove Cu compounds, crystallised from H,O in very pale yellow prisms 
(1-6 g.), m. p. 85° (Found: N, 14-4. C,H,O;N, requires N, 14:3%). It forms in cold 5% 
NaOH aq. a red solution, from which it is recovered unchanged if pptd. immediately but in 
which it undergoes profound alteration when kept. 

Derivatives.—Semicarbazone, very pale orange micro-needles from AcOH, m. p. 256° (Found : 
N, 27:8. C,H,O;N, requires N, 27-7%); oxime, fine colourless needles from 50% aq. EtOH, 
m. p. 159° (Found: N, 20-1. C,H,;0O,;N, requires N, 19-99%); phenylhydrazone, orange micro- 
needles from AcOH, m. p. 210° (Found: N, 19-7. C,3;H,)0,N, requires N, 19-6%), which 
give no coloration with alc. NaOH and a yellowish-brown with conc. H,SO,; p-nitrophenyl- 
hydrazone, fine yellow needles from AcOH, m. p. 295° (decomp.) (Found: N, 21-0. C,,H,O,N; 
requires N, 21-1%), which give with alc. NaOH a red-violet colour by transmitted and a 
blue-violet by reflected light, also red-orange with conc. H,SO,; 2: 4-dinitrophenylhydrazone, 
orange-yellow micro-needles from PhNOg,, m. p. 295° (Found: N, 22-5. C,;H,O,N, requires 
N, 223%), which give a cherry-red colour with alc. NaOH and a greenish-yellow with conc. 
H,SO,; p-bromophenylhydrazone, orange needles from AcOH, m. p. 250° (Found: Br, 21-7. 
C,;H,O,N,Br requires Br, 21-9%), which give no colour with alc. NaOH and a yellowish-green 
with conc. H,SO,; 3:5: 3 : 5’-tetranitrobenzaldazine (with hydrazine), buff micro-needles from 
PhNO,, m. p. 303° (Found: N, 21-7. C,,H,O,N, requires N, 21-6%), which give no colour 
with either alc. NaOH or conc. H,SO,; 3’ : 5’-dinitrobenzylideneaniline, stout buff needles 
from 50% EtOH, m. p. 123° (Found: N, 15-7. C,,;H,O,N; requires N, 15-5%); 3’ : 5’-di- 
nitrobenzylidene-p-toluidine, buff plates from 70% EtOH, m. p. 160° (Found: N, 14-7. 
C,4H,,0,N, requires N, 14-7%); 3’ : 5’-dinitrostyrylquinoline (with quinaldine in boiling AcOH), 
colourless micro-needles from AcOH, m. p. 270° (Found: N, 13-0. C,,H,,0O,N; requires N, 
13-1%). 

3 : 5-Dinitro-4-aminobenzaldehyde could not be diazotised by any of the numerous methods 
tried. 


The authors are greatly indebted to the Department of Scientific and Industrial Research 
for grants to one of them (E. W. S.), and to Imperial Chemical Industries, Ltd., for their 
various gifts —TECHNICAL COLLEGE, HUDDERSFIELD. ([Received, January 27th, 1933.] 
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Ostwald Memorial Lecture. 
Delivered on January 27th, 1933. 
By F. G. Donnan, C.B.E., F.R.S. 


DurinG the starlit spring night of April 4th, 1932, in the city of Leipzig where his greatest 
work in the cause of physical chemistry had been done, died quietly and peacefully Wilhelm 
Ostwald, in his seventy-ninth year. 

It is no easy task to give, within moderate compass, an adequate account of the life and 
work of this very remarkable man. In the history of chemical science he will be known 
as the man who, by his personal scientific investigations, his teaching and inspiration of 
hundreds of disciples, his indefatigable and continuous writing of books and foundation 
and editing of scientific journals, and his pre-eminent organising abilities, so consolidated 
and developed the work of investigators in physical chemistry that he became the real 
founder and the first great exponent of this branch of science. Ostwald was destined, 
however, to enter and play a conspicuous part in many other fields. The special importance 
of thermodynamics in the development of what we now call classical physical chemistry, 
the science created by the work of Gibbs, Horstmann, Helmholtz, Le Chatelier, Ostwald, 
van ’t Hoff, Arrhenius, and Nernst, led Ostwald finally to the conviction that energy was 
the fundamental reality, the underlying component, of the physico-chemical world. From 
the generalisation of this view as a Weltanschauung applicable to a wider domain of thought 
and action, he passed naturally to the concept that there must exist a general Naturphilo- 
sophte, a science of all sciences. Work in these wider fields of thought led Ostwald 
gradually to the vision of a world of men organised and led by science, a world from which 
the clear formulations and exact investigations of science would banish the evils of 
prejudice and superstition. During the period 1906—1914 he took an active part in many 
national and international movements directed towards the organisation of scientific and 
intellectual work. He was, as he said, a “ practical idealist,” deeply interested in the 
building up of a scientifically-planned and orderly civilisation. 

The world war overwhelmed and swept away the results of these efforts, but not the 
creative activity of Ostwald’s brain. During the war years and afterwards he applied 
himself with almost youthful vigour and delight to the working out of a system of 
measurement and standardisation of body colours. From this he passed in the last years 
of his life to a study of the laws of beauty in colour and form. The active mind that had 
sought successfully for harmony in the relations of the physico-chemical world, now looked 
for it objectively in the realm of aesthetics. 

In the last days we see him taking delight in painting pictures of the flowers in his garden 
at Energie (the name he gave to his country house near the hamlet of Gross Bothen in 
Saxony). All his life he had been a devoted painter of landscape scenes. The active 
thinker, organiser and protagonist in many arenas—physical chemistry, “‘ energetics,” 
philosophy, scientific organisation of human work, the measurement of colour, the 
objective basis of aesthetics—now at the very end of his life was still active, studying 
practically the harmonious relations of colour and form as displayed by the flowers of his 
country garden. 

Of his life’s work, his thoughts and actions, his travels and the many men he met, 
Ostwald has lefta remarkable record in the “‘ Lebenslinien,’”’ an autobiography in three 
volumes written in the closing years of his life. In this extraordinarily interesting 
‘‘ Histoire d’un Esprit ’’ we are given an open-hearted account of the workings of his mind 
in its continuous efforts to apply objective scientific analysis to the varied situations and 
problems of life. 

Whatever one may think of Ostwald’s philosophy, he was an honest man, determined 
to make the best use he could of the scientific concepts which he had formed. Twoexamples 
of this may be given. At a difficult and critical point of his career he resolved to work out 
the theory of happiness. The result was the equation G = k(A — W)(A + W), where 














(Reproduced by the courtesy of the German Chemical Society.) 
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G = happiness, A = energy expended usefully in the accomplishment of work, W = 
energy dissipated in the overcoming of resistances. This is a famous example of Ostwald’s 
application of energy concepts to the objective analysis of feeling. Another example of his 
philosophy of energy was his “‘ energy imperative,” a parallel to Kant’s categorical impera- 
tive. This was “ Vergeude keine Energie, verwerte sie,’ which means “ Dissipate no energy, 
i.e., degrade or run no energy down to a lower level of usefulness; on the contrary, strive 
to make use of it by converting it into a higher (more useful) form (veredle sie).”” Ostwald 
was led to this injunction by his reflections on the Second Law of Thermodynamics. 

These two examples will serve to illustrate the honest attempts which he made to apply 
his philosophy of energy to the solution of the doubts and difficulties of life. Many 
philosophers and psychologists may laugh at them. In what Professor Lancelot Hogben 
has called the “ public world ”’ of objective science, they contain many grains of good sense 
and sound advice. 

Friedrich Wilhelm Ostwald (as he was christened) was born in Riga on September 2nd, 
1853, the second child of Gottfried Wilhelm Ostwald and his wife, née Leukel. Both his 
parents came of pure German stock that had settled in the Baltic province of Livland, 
then under the sway of the Russian Tsar. His father was a cooper who by dint of skill and 
industry gradually arrived at a comfortable competence as a successful master cooper and 
employer of labour. The boy was sent to the Realgymnasium at Riga, where he spent 
eight happy years. He was not exactly a “‘ model ”’ boy in the sense of constant attention 
to the efforts of his teachers. His development lay considerably in his own hands, and his 
interests extended to fireworks, home experiments in chemistry, music, drawing and 
painting, and attempts at photography. At school he studied mathematics, physics, 
chemistry and modern languages, and although he may have been somewhat careless of his 
studies during part of these earlier years, he applied himself with vigour at the end and 
had no difficulty in passing the leaving examination which admitted him to the study of 
science at Dorpat University. His father at first intended him for a course of engineering 
at the Riga Polytechnicum, but young Wilhelm Ostwald was determined to study chemistry 
at the University. With the aid of his mother’s influence (he was always the apple of her 
eye) he won his father’s reluctant consent, and in January, 1872, he entered the University 
of Dorpat as a student of chemistry. The first half of the prescribed period of three years 
required for the Candidat examination was spent in anything but regular attendance at 
lectures. As a member of a student corporation, the Fraternitas Rigensis, he threw him- 
self into the varied life of a University student, though he always had a strong distaste for 
the heavy beer drinking and revelling which were practised by many of his contemporaries. 
He was greatly drawn towards music and with some friends formed a string quartet party. 
Ostwald played the viola, as he did not consider he possessed a sufficiently accurate ear for 
the violin. They were lucky enough to discover a forgotten possession of the Riga 
Fraternity, namely, complete parts for all the 83 string quartets of Haydn! During his 
Dorpat days Ostwald learned to play the viola parts of all the 83. So with the playing of 
the chamber music of Haydn, Mozart and Beethoven, the social life of the students, country 
wanderings, and further progress in the art of landscape painting, the time passed pleasantly 
enough. But his father was distressed by his want of progress in his University studies. 
Suddenly the sound moral fibre of the young man’s character showed itself. By aid of his 
wonderful power of teaching himself from books and his splendid memory, he soon made 
up for the lectures which he had “ cut,’”’ and successfully passed the examination which 
admitted him to the practical study of chemistry in the laboratory. He now came under 
the direction and influence of Professor Karl Schmidt, the former pupil of Liebig, Wéhler, 
Heinrich Rose and the physiologist, R. Wagner. In his earlier days at Dorpat, Karl 
Schmidt had made a great reputation by his work in physiological chemistry, but when 
Ostwald came he had been engaged for many years in researches on the mineral components 
of natural waters. His assistant was Johann Lemberg, who pursued investigations 
on the chemical composition of rocks and minerals. Ostwald now applied himself with 
vigour and success to the work prescribed for him in analytical and preparative chemistry 
and in 1875 passed with ease the examinations in these and other subjects. The complete 
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examination for ‘‘Candidat”’ required, however, the presentation of a short thesis embodying 
the results of an original investigation. Apparently he chose his own subject. The choice 
was characteristic of him, and prophetic of his future career as an investigator. The subject 
was “ the mass action of water,’”’ and dealt with the gradually increasing hydrolysis of a 
concentrated acidified solution of bismuth chloride as increasing quantities of water are 
added toit. Ostwald took a series of glass vessels and placed in them equal volumes of the 
bismuth chloride solution. To one vessel he now added sufficient water to produce a 
cloudiness due to the formation of a slight quantity of solid bismuth oxychloride, whilst 
to the other vessels he added increasing, but known, quantities of water. After a sufficient 
time had elapsed to secure equilibrium he determined the concentrations of bismuth and 
chlorine remaining in solution. Theresults showed quantitatively the increasing conversion 
of the dissolved bismuth chloride into solid oxychloride and hydrochloric acid as the ratio 
of water to bismuth chloride increased. 

Ostwald’s parents were delighted with his success. It was now agreed that he might 
devote himself, as he desired, to a scientific career, and his father arranged that he should 
extend his studies in the Physical Department under Professor von Ottingen. Means 
were, however, slender, so it was fortunate for Ostwald that he very soon obtained the post 
of Assistantin Physics. A fewyears later he became an Assistant in the Chemical Laboratory 
under Karl Schmidt. 

Ostwald now began his scientific career with a study of the problem of measuring and 
comparing chemical affinities. Bergmann in the 18th century had attacked this question, 
but without great success, as he did not give sufficient attention to the effect of mass action, 
that is to say, the part played by the concentrations of the reacting substances. Berthollet 
in his celebrated ‘‘ Essai de statique chimique ’”’ had subsequently made a very great 
advance by demonstrating this effect of concentration, whilst in 1867 Guldberg and Waage 
in their ‘‘ Etudes sur les Affinités chimiques ”’ had shown that the “ driving power ”’ of the 
chemical reaction between two dissolved substances was proportional in the simplest case 
to the product of the concentrations of these substances and an affinity-coefficient, thus arriv- 
ing at the simple law of chemical equilibrium. 

Ostwald saw that the best way to study chemical equilibrium in a homogeneous solution, 
and thus to compare competing affinities, was to employ physical properties or effects, 
since it was important that the concentrations of the reacting substances should remain 
unaltered. By measuring the evolution of heat, Julius Thomsen in his “‘ Thermo- 
chemische Untersuchungen ”’ had recently succeeded in comparing the affinities of acids 
competing in aqueous solution for an amount of alkali insufficient to “ satisfy ’’ both. 
Ostwald resolved to follow up this work of Thomsen, but as he did not possess the equip- 
ment requisite for such delicate calorimetrical measurements, he made use of changes of 
volume (or density). So began Ostwald’s series of “‘ Volumchemische Studien.’’ The 
general theory of measuring equilibria in a homogeneous medium by measurements of 
changes in physical properties or effects had been given many years previously by Steinheil, 
but Ostwald was not aware of this at first and followed essentially the procedure of 
Thomsen. 

Let us suppose that we mix one litre of a solution of an acid A with one litre of an 
equivalent solution of a base B. If no physical or chemical interaction occurs, we may 
expect the volume of the mixture to be two litres. Suppose now that in this volume of 
two litres chemical action occurs, namely, the neutralisation of the acid by the base, and 
that the volume becomes (at the initial temperature) 2 + v litres, where v may either be 
positive or negative. If we neglect physical actions, we may ascribe the volume change v 
entirely to the chemical action of neutralisation. In the case of another acid A’ and the 
same base B (both taken at the same temperature and at the same equivalent concentra- 
tions) let the corresponding volume change be v’. If now we mix one litre of a solution 
of the salt (A,B) with one litre of an equivalent solution of the acid A’, then if no chemical 
action occurs (and if we neglect physical interactions as before) the volume of the mixture 
will be 2 litres. If the acid A’ completely displaces the acid A to form the salt (A’,B), 
the volume of the mixture will be 2 + v’ — v. Suppose now that this action of displace- 
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ment is only partial, and that, expressed in equivalents, the final equilibrium state of the 
mixed solution is represented by the scheme 


(A,B) + A’ = (A’,B) +A 
l—x 1—x «x x 


where x = fraction of the salt (A,B) converted, then the volume of the mixture will be 
2+ xv’ —(1—x)v. Let the measured volume of the mixture in an actual experiment be 
2+ vp. This result gives the equation vg = xv’ — (1 — x)v, from which x can be obtained. 
The ratio x/(1 — x) is the ratio of the quantity of the base B chemically held by the acid A’ 
to that chemically held by the acid A. The stronger the affinity of A’ for B compared with 
that of A for B, the greater will be this ratio. 

The Guldberg—Waage equation for this case of equilibrium is 


ky (1 — x)? = hax? 


where k, and , are the “‘ affinity-coefficients’’ of the opposed reactions. Hence the relative 
“ affinity-coefficient,”’ k,/k,, can be determined. 

Besides measuring volume and density changes, Ostwald also employed changes of 
refractive index. His results agreed in the main with those obtained by Thomsen. It may 
be of interest to give the table of relative affinities of monobasic acids which he published 
in 1878. 

Ostwald’s Table of Relative Affinities of Acids (Monobasic). 


Nitric acid (taken as standard) Formic acid 
Hydrochloric acid Lactic acid 
Trichloroacetic acid Acetic acid 
Dichloroacetic acid Propionic acid 
Monochloroacetic acid : Butyric acid 
Glycollic acid ; isoButyric acid 


These figures only hold good, of course, for the equivalent concentrations employed in his 
experiments. 

The results obtained by Thomsen and Ostwald gave values for the relative affinities or 
strengths of acids in aqueous solution, as determined by their powers of competing for a 
soluble base. Not content with these results, Ostwald began to look for other methods of 
measuring and comparing the affinities or “‘ strengths ’’ of acids in aqueous solution, and 
soon embarked on a series of researches which he published under the title of ‘‘ Chemische 
Affinitatsmessungen.” The principle underlying this work was as follows. 

When an excess of a slightly soluble salt Sin solid formisshaken with an aqueous solution 
of an acid A which forms a soluble salt with the base of the former, Ostwald found that a 
definite state of heterogeneous chemical equilibrium is reached, in which some of the solid 
salt S is chemically dissolved. When he took equal volumes of equivalent concentrations of 
a series of acids A, A’, A”’, etc., he found that the amounts of the salt S decomposed and 
dissolved varied in general from acid to acid. He expected that in the case of the acids 
A, A’, A”, etc., the amounts of the salt S dissolved by equal volumes of equivalent con- 
centrations of these acids would increase with their strengths. These expectations were 
justified and gave rise to a very interesting series of investigations. 

It is not generally known that these researches led him to the discovery of neutral salt 
action. He found that the dissolving effect of dibasic acids was diminished by the presence 
of their neutral alkali salts, but this result did not surprise him, as he ascribed the effect to 
the formation of acid salts. What did surprise him, and what he could not explain, was 
that the dissolving effect of ‘‘strong’’ monobasic acids was markedly increased by the 
presence of their neutral alkali salts. This was a remarkable discovery. When we reflect 
on the long history of later efforts to explain this phenomenon, it is no wonder that 
Ostwald in 1880 could find no satisfactory solution of the problem. 

The sparingly soluble salts which he employed in this work were very varied, ¢.g., zinc 
sulphide, zinc oxalate, calcium oxalate, barium chromate, barium sulphate, calcium 
sulphate, strontium sulphate, and acid potassium tartrate. 

These various series of researches enabled Ostwald to obtain successively the degrees of 








320 Donnan: Ostwald Memorial Lecture. 


Master and Doctor of the University of Dorpat. He was now a Privatdozent and gave 
courses of lectures on physical chemistry. His reputation as a very able and promising 
investigator in his chosen field was established. He was known, moreover, to his students 
and colleagues as a remarkably skilful experimenter, one who had learnt the arts of glass- 
blowing and working in wood and metal, and was expert in the devising and making of 
apparatus well designed for the purposes in view. 

Two events of Ostwald’s ten years in Dorpat must now be related. The first of 
these, which we may call a “ negative” event, was his application in 1879 for one of the 
University’s travelling scholarships. The award went to Gustav Bunge. As Ostwald has 
related, if he had obtained the scholarship he would have gone to Germany and probably 
fallen under the spell of the reigning and highly flourishing school of organic chemistry in 
that country. So his failure to obtain the scholarship, whereby he was forced to remain in 
Dorpat and to steer his own course in the less charted seas of physical chemistry, 
probably exercised a great effect on the whole of his career. 

The other event was positive and exercised a very profound and well-known effect on 
his whole life. Throughout his time at Dorpat Ostwald continued to play the viola in a 
string quartet party. He was deeply attached to music and had given much attention 
to the study of counterpoint, harmony, and other branches of the theory and art of music. 
His friend and teacher, A. von Ottingen, who had been in the custom of giving lectures on 
Tonkunst, on one occasion asked Ostwald if he would undertake these lectures for him. 
To this Ostwald readily consented. His audience consisted mostly of ladies, and one of 
them was a Fraulein Helene von Freyher. They fell in love and in 1879 became engaged. 
In the spring of 1880 the wedding took place. Although in their earliest years of married 
life they had to live in simple student rooms, this marriage of Ostwald to Fraulein von 
Freyher was the greatest good fortune of his life and a source of continuous happiness, 
interrupted only by his death fifty-two years later. In order to help with the house- 
keeping expenses, Ostwald began in 1880 to teach physics, chemistry and some branches 
of mathematics at a Dorpat school, besides, of course, continuing his teaching and re- 
search work at the University. He also planned and began the preliminary work for his 
famous ‘‘ Lehrbuch der allgemeinen Chemie.” 

In 1881 the Professorship of Chemistry at the Riga Polytechnicum fell vacant. After 
Johann Lemberg and Gustav Bunge had declined, Ostwald received the call and accepted. 
His teacher, Karl Schmidt, had written a letter to the Director of the Polytechnicum giving 
Ostwald the warmest and heartiest recommendation that any disciple could desire or deserve. 
In his 28th year Ostwald now became a full Professor, with his own laboratory and pupils, 
and wider and better opportunities now opened out to him, of which he made the fullest 
use. His Riga period, 1882—1887, was one of intense and continuous research. Again 
looking for further methods of measuring and comparing the strengths or affinity properties 
of acids, he began a series of investigations entitled “‘ Studien zur chemischen Dynamik,” 
in which he departed from the statical or equilibrium methodsemployed at Dorpat and turned 
his attention to the measurement of reaction velocities. The first paper of this series dealt 
with the effect of acids on the hydrolysis of aqueous solutions of acetamide and described 
the construction of Ostwald’s famous thermostat, in which the temperature was regulated 
by the thermal expansion of calcium chloride solution (later toluene) contained in a glass 
tube, and the stirring of the thermostat water was effected by a horizontal paddle con- 
nected with a vertical rod or axis carrying a number of sloping mica vanes, the whole being 
kept in gentle and constant rotation, day and night, by a vertical current of hot air from a 
small gas flame. How many hundreds of his research pupils and how many thousands 
of students have constructed and worked with this world-famous thermostat! It was 
highly characteristic of Ostwald’s pre-eminent experimental ability in designing very 
efficient apparatus with simple means. The second paper dealt with the effect of acids 
in accelerating the velocity of hydrolysis of methyl acetate in aqueous solution, whilst 
in the third and fourth papers Ostwald described his measurements of the effect of acids in 
accelerating the rate of inversion of aqueous solutions of cane sugar. The theoretical 
formulation of the velocity of a chemical reaction had already been laid down by Guldberg 
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and Waage and in part also by Wilhelmy and others, and Ostwald took full advantage of 
this earlier work. His object was not, however, to verify the equations of reaction kinetics, 
but to use this weapon as a method of comparing the strengths or affinity-coefficients of acids 
in aqueous solution. Suffice it to say that he found a marked parallelism between the results 
of his statical and kinetic measurements. Ostwald became more and more convinced that 
the relative series of affinity-coefficients which he was obtaining by these different methods 
represented some great truth of Nature, some fundamental and characteristic property of 
the acids. In the fifth paper of the series he measured the velocity of ‘‘ saponification ”’ 
of ethyl acetate by a number of soluble bases, and thus began the comparison of the 
corresponding affinity-coefficients of these substances. 

It is important to note that in this series of researches Ostwald greatly developed the 
concept of catalytic or contact action. The hydrolysis of methyl acetate or the inversion 
of cane sugar were slow reactions in which water molecules took part. The added 
acid which accelerated these reactions did not disappear as such and could be deter- 
mined by titration at the end as much as at the beginning of the reaction. The affinity- 
coefficient or “ strength” of the acid showed itself in its effect, for equivalent concentra- 
tions, on the velocity constant of the hydrolytic reaction—the greater the strength, the 
greater the velocity constant. In the last period of his active scientific life at Leipzig 
(1897—1905), Ostwald returned with vigour and enthusiasm to a study of the great problem 
of catalytic action, but the seeds of this harvest were sown during the years at Riga. 

Recognising Ostwald’s great abilities and the increasing number of his students, the 
ruling authorities decided to build a new laboratory for him. As his personal acquaintance 
with other laboratories was confined to the old-fashioned one at Dorpat, Ostwald wisely 
decided to pay a visit to the German centres of chemical teaching and research, and did 
so during the winter holidays, 1882—1883. This was a great and important experience 
for the young Riga Professor and the “ Lebenslinien ’”’ contains a lively account of the 
famous men he met on his travels. 

Ostwald relates in this autobiography that he will never forget a certain day in June 
of 1884. On that day he got three things, a very bad toothache, a little daughter, and the 
Doctor Dissertation of an unknown young man called Svante Arrhenius, entitled ‘‘ Re- 
cherches sur la conductibilité galvanique des électrolytes.” Already in Dorpat Ostwald 
had been struck by the parallelism between the equivalent electrical conductivities of the 
few acids measured by F. Kohlrausch (the inventor of the alternating current method 
of avoiding polarisation effects in the measurement of the conductivities of dissolved 
electrolytes), and the affinity-coefficients or strengths of the same acids as determined by 
his various chemical methods. But at the time he could not understand the meaning of 
this relationship, although before the appearance of Arrhenius’ paper he had already done 
some preliminary work towards the elucidation of this matter. After a careful study of 
Arrhenius’ work he saw that the ideas and measurements contained therein not only pro- 
vided the required explanation but demanded a close relationship between the affinity- 
coefficients and the equivalent conductivities. The great concept of the dawning ‘‘ Chemical 
Theory of Electrolytes ’’ was flashed from the mind of Arrhenius in Upsala to the mind of 
Ostwald in Riga. How well one can imagine Ostwald’s excitement! Immediately he 
set himself to construct and assemble the necessary apparatus. Soon his experimental 
genius in effecting a desired purpose with the least possible elaboration of means enabled 
him to carry out the necessary measurements with the 33 organic acids which he had 
collected for his earlier work. With wildly beating heart, as figure after figure came out, 
he saw that the equivalent electrical conductivities were indeed very nearly proportional 
to his chemically determined affinity-coefficients. The degrees of ionisation of the acids 
as determined by the future method of Arrhenius were a measure of the affinity properties 
of these selfsame acids. That was the real, though not yet fully understood, meaning of 
the great discovery that he had made. The results of this work were contained in the first 
paper of his ‘‘ Elektrochemische Studien.”” Faraday had made the first great step in the 
quantitative relationship between electrical and chemical actions. Another great step had 
now been taken by Ostwald and Arrhenius. 
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It was characteristic of his enthusiastic and generous nature that in the same year 
(August 1884) he travelled to Upsala to make the acquaintance of that remarkable young 
man, Svante Arrhenius. This visit was the beginning of a life-long friendship and co- 
partnership. The two young men (for Ostwald was only in his 3lst year) planned out a 
great series of investigations. We can picture them walking together in the beautiful 
Scandinavian summer. Let us hope that Arrhenius induced the rather abstemious Ostwald 
to mix great science with at least a little good beer! Of course the real theory of ionisation 
was not yet developed (this took place several years later), but Ostwald persuaded Arrhenius 
to join him in Riga, which he afterwards did (in 1886), and together they worked on different 
but closely related problems for several months. 

On his return to Riga Ostwald continued his electrochemical studies with fiery and 
tenacious energy. He had found that the equivalent (or molecular) conductivities of strong 
acids did not vary much with dilution, whilst those of weak acids were markedly functions 
of this variable. In the second paper of the electrochemical studies he made a careful 
examination of these dilution effects and could represent them by means of a trigonometrical 
function. It was only when the full development of the ionisation theory came a few years 
later that he was able to arrive at the true form of the dilution function. In the third paper 
of the series he made an exhaustive study of the conductivities of 120 organic acids and 
traced important relationships between molecular structure and equivalent conductivity ; 
whilst in the fourth paper of the series he measured the conductivities of 24 bases. 

It has often been remarked that Ostwald founded the science of physical chemistry as 
much by his writing of books and creation of new Journals as by the scientific investigations 
of himself and those he inspired. Two important events during the Riga period marked 
the beginning of this very characteristic side of his work. The first was the appearance 
of his famous ‘“‘ Lehrbuch der allgemeinen Chemie,” published in two volumes (1883— 
1887). In this work he collected, critically sifted and arranged in orderly fashion the 
material from an enormous number of scientific publications. The word general in the 
title indicated that he took a very broad view of the subject. The first volume, entitled 
“Stéchiometrie,” dealt with a great variety of subjects, ¢.g., the laws of chemical com- 
bination, atomic weights, the properties of solids, liquids, gases and solutions, whilst the 
second volume, entitled ‘‘ Verwandtschaftslehre,” treated of thermochemistry, electro- 
chemistry, photochemistry, and chemical affinity. This book must have cost the author 
many years of hard and continuous labour. It is no exaggeration to say that it created 
the science of general and physical chemistry and acted as a source of knowledge and 
inspiration for the hundreds of young men who within a few years flocked to Ostwald’s 
banner from all parts of the world. 

The second important event was the foundation of the Zeitschrift fiir physikalische 
Chemie, published by W. Engelmann in Leipzig. The first number appeared in February, 
1887. Ostwald and his publisher, Engelmann, wisely saw that the new science must 
have a special Journal for its future development. The editors were Ostwald and van 't 
Hoff, though by agreement between them the editorial work fell entirely on Ostwald. 
The names of a number of eminent collaborators appeared on the title page, including 
“W. Ramsay in Bristol,” and “ T. E. Thorpe in London.” The frontispiece of the first 
volume was a portrait of Bunsen. 

For many years Ostwald not only edited the Zeitschrift but did, single-handed, an enor- 
mous amount of work in connection with reviews of books and critical abstracts of scientific 
papers published elsewhere. The new Journal was a success from the very beginning and 
proved to be of fundamental importance for the development of physical chemistry. 

The first volume contains several papers from the last phase of Ostwald’s scientific 
work at Riga. Two of them dealt with the “‘ Law of Kohlrausch.”” In these important 
papers it was shown how the maximum molecular conductivity, 7.e., at infinite dilution, 
of a weak acid, which could not be experimentally determined, could be calculated from the 
easily measured limiting conductivities of several strong electrolytes. The basis of this 
method was the discovery that the sodium salts of weak acids were, under similar conditions 
of molecular concentration, practically as highly conducting (ionised) as the sodium salts 
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of strong acids. It was also shown how the basicities of acids could be determined by 
noting the change in their equivalent conductivities at 25° over a certain range of dilution 
(v = 32 and v = 1024 litres per equivalent). 

Other papers in the first volume bear witness to the fact that already at Riga Ostwald 
was becoming deeply interested in the problem of the seat of the E.M.F. of galvanic cells. 
For him this meant the determination of the electrical potential differences between 
metals and solutions of electrolytes or between two different electrolytic solutions. In 
order to measure E.M.F.’s by the compensation method, he constructed simple 
potentiometers and a very neat form of “ capillary electrometer” as an effective and 
inexpensive “‘null’’ instrument. This was based on the work of Lippmann concerning the 
change of the surface tension of mercury in contact with an aqueous solution, when the 
mercury surface, acting as an electrode, is suitably ‘“‘ polarised’’ by a small flow of 
electricity. 

When one measures the E.M.F. of a galvanic combination, the value obtained always 
involves at least two of the “ single” electrode potentials (single contact potential differ- 
ences) which Ostwald was so anxious to determine. A paper in the first volume of the 
new Journal gives an account of Ostwald’s first attempt to obtain an absolute measure of 
these single potential differences, by the employment of a “ dropping mercury electrode ” 
as one of the pair involved in the galvanic combination. Ostwald’s underlying idea (based 
on the work of Helmholtz) was that the dropping electrode would bring the potential of 
the main mass of mercury to that of the solution, so that one of the two single potential 
differences involved in the circuit could be made to disappear and hence the other be 
easily determined. 

In the sixth and very important paper of the series of Studies on Chemical Dynamics 
(which was published at the end of Ostwald’s first year in Leipzig), he dealt with the effect 
of acids in accelerating the velocity of oxidation-reduction actions, in particular the 
reduction of bromic acid by hydriodic acid in aqueous solution. It begins with the follow- 
ing statement. “In a series of earlier papers I have shown that the most varied actions 
of acids are numerically determined by certain coefficients, which depend on the nature, 


dilution, and temperature of the acid, but not on the character of the action investigated. 
These values, which I have called the affinity-coefficients of the acids, are very nearly 
proportional to their electrical conductivities.’”’ The paper announced the important new 
result, that ‘‘ All oxidation-reduction reactions are accelerated by the presence of free 
acids and in proportion to their affinity-coefficients.” 

The following excerpt from one of the tables of figures will be of interest. (The effect 
due to HCl is put equal to 100.) 


Accelerating Electrical Accelerating Electrical 
effect. conductivity. id. effect. conductivity. 


100 100 74 
98 99 , 40 
94 101 ‘ 2°4 


In this paper we see Ostwald summing up the main results of all his previous work and 
ready for the ensuing development of Arrhenius’ theory of electrolytic dissociation and 
the great days of the Leipzig period. 

An event of fundamental importance for Ostwald’s whole career now took place. In 
1871 a Chair of Physical Chemistry had been founded in Leipzig University. The first 
occupant was Gustav Wiedemann. The Professor of Physics, Hankel, now retired and 
his post was given to Wiedemann, who was really a ‘“‘ pure” physicist both at heart and 
in his scientific work. Who was to succeed Wiedemann in the Chair of Physical Chemistry ? 
H. Landolt, Cl. Winkler, and J. H. van ’t Hoff were approached, but all refused. Ostwald’s 
fame had by this time spread throughout Germany, though the sovereign lords of organic 
chemistry had little taste for the new wine. However, during his Riga period he had 
paid three visits to Germany and was personally known to a great many German professors, 
including a number of his future scientific colleagues at Leipzig University. The upshot 
was that Ostwald received the next call and accepted (1887). The dream of his life was 
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realised! He was now to become a full Professor at an important German University. 
Moreover he was anxious to leave Riga. The shadow of the oncoming “ Russification ”’ 
was beginning to make men of German stock and speech uneasy. Very few of the students 
had any inclination for pure scientific research. Ostwald has said that he had only one 
such—Paul Walden. However, this one became great enough to make good the deficiencies 
of a host of others. 

The post at Leipzig was not entirely a bed of roses. The new Professor of Physical 
Chemistry had to share with the Professor of Agriculture and Husbandry the old and very 
poorly equipped Agricultural Institute at 34 Briiderstrasse. Besides the organising of 
teaching and research in physical chemistry, he had to deal with the practical instruction 
of beginners in chemistry, engaged in analytical and preparative work, and of pharmacists. 
Having his laboratory divided into three sections, Ostwald had the right to appoint three 
assistants. He was very fortunate in his choice. For physical chemistry he appointed 
the young physicist, Walther Nernst, whom Arrhenius had met at Graz and strongly 
recommended to him. Nernst had carried out a series of important researches in the 
Physical Laboratory of von Ettingshausen and had discovered the transverse thermo- 
magnetic E.M.F. in certain metals (now known as the Nernst effect). For the beginners 
in chemistry Ostwald obtained Julius Wagner, who long remained one of his faithful 
helpers and in later years (in Ostwald’s new Institute) took up the chemical training of 
school teachers. Finally, for the pharmacists he got Ernst Beckmann, who was later to 
render such signal service in the devising of convenient apparatus for determining the 
molecular weights of dissolved substances. 

Ostwald was fortunate also in his later assistants and collaborators, amongst whom 
may be mentioned Svante Arrhenius, Theodor Paul, Max Le Blanc, Robert Luther, Georg 
Bredig, Max Bodenstein, Herbert Freundlich, Carl Drucker, and Wilhelm Bottger. All 
these men have made great names for themselves in chemical science and risen to high 
positions. 

Ostwald lectured on inorganic chemistry in the winter semester and on physical chemistry 
in the summer one. With his Riga experience behind him he quickly organised excellent 
practical courses in physical chemistry. The fruits of this work were embodied later in 
his invaluable “‘ Hand-und Hilfsbuch zur Ausfiihrung physikochemischer Messungen,” 
which with the aid of Luther and others was frequently expanded and ran into many 
editions. Within a few years Ostwald had made the old laboratory at 34 Briiderstrasse 
the world centre of physical chemistry. Eager students flocked to it from many parts of 
the globe. The majority were Americans and British, whilst, curiously enough, the 
Germans themselves generally formed a small minority. This was probably due to the 
very powerful and influential German school of organic chemistry. Many of the famous 
exponents of this branch of chemistry looked rather askance at the “ Ionier,” and did not 
regard Ostwald as a chemist because he had never discovered a new substance. Ostwald 
said jokingly of himself that from this point of view he was a “ negative ” chemist, since 
he had reduced the number of recorded substances by one. The explanation of this joke 
lay in the fact that many years previously a certain chemist thought he had isolated a 
new acid from a photographic silver bath solution. When Ostwald obtained a very small 
specimen of this substance he was able to show by determining its ionisation-constant that 
it was a well-known organic acid. 

The famous school of Physical Chemistry which Ostwald rapidly built up at Leipzig 
was mainly based on the ionisation theory of Arrhenius, van ’t Hoff’s osmotic theory of 
solutions, and the application to solutions and chemical equilibria in solutions of the laws 
of thermodynamics, particularly in the simple form expounded by van ’t Hoff by means 
of the concepts of osmotic pressure and osmotic work. These aspects of the new field 
were brilliantly illuminated by two papers published in the first volume of the new 
Zeitschrift, namely van ’t Hoff’s paper entitled ‘‘ Die Rolle des osmotischen Druckes in 
der Analogie zwischen Lésungen und Gasen,”’ and the paper of Arrhenius, ‘‘ Uber die 
Dissoziation der in Wasser gelésten Salze.’”” Nothing, however, contributed more to the 
immediate advance and general recognition of the new branch of chemical science than 
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Ostwald’s discovery of his celebrated Dilution Law. Shortly before leaving Riga he had 
made an extensive visit to German chemical centres for the purpose of collecting specimens 
of organic acids. Soon after he obtained the Leipzig Chair he made a thorough- 
going investigation of the conductivities of this collection of material. With the 
development of Arrhenius’ theory it became possible for Ostwald to test whether the law 
of chemical equilibrium applied to the aqueous solutions of these acids. Let us suppose 
we are dealing with a monobasic acid. The following scheme exhibits Ostwald’s reasoning : 
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The total concentration of the acid is 1 mol. per v litres. Line (1) represents the equili- 
brium between the un-ionised molecule and its ions, (2) the molar concentrations of the 
constituents of the solution if « is the degree of ionisation, (3) and (4) express the law of 
chemical equilibrium. The constancy of & for varying values of « and v (at constant 
temperature) could be tested, since « was known for every value of v by the equation of 
Arrhenius shown in line (5), where 4 = the molar conductivity of the solution. The result 
was startling. For hundreds of the “‘ weak ”’ acids, 7.e., those whose degree of ionisation 
at moderate dilutions is relatively small, the law of chemical equilibrium held with striking 
accuracy. Those who scoffed at the ions, because they could not be seen and handled 
in the usual way, were now bound to admit that they were sufficiently real to obey the law 
of chemical equilibrium. Soon afterwards Ostwald showed that the same law held for 
aqueous solutions of weak bases, and this was confirmed on an extensive scale by Bredig. 
The existence of the hydrogen and hydroxyl ions in aqueous solution was firmly established. — 
Ostwald was presently able to show that the very small degree of ionisation of pure water 
could be determined by several different methods. The explanation of the alkalinity or 
acidity of certain salts when dissolved in water became perfectly simple. In several impor- 
tant papers published in his own Journal Ostwald discussed in a masterly way the various 
applications of the ionic theory and the laws of chemical equilibrium. It is true that one 
dark shadow lay aslant this brilliant scene. The majority of salts and the strong acids 
and alkalis were certainly ionised in aqueous solution, in fact their ionisation at moderate 
solutions was very great. But when tested by the Dilution Law they broke down com- 
pletely. Well, this was rather strange, but there was no need to grieve. There was plenty 
of work to do. Ostwald and his assistants and pupils could prove at all events that the 
ions were there. These ions accounted for most of the rapid reactions of analytical 
chemistry. When such reactions failed, the ions were either not present or, if present, 
were there in too small quantity. 

The investigation of the electromotive forces of galvanic cells was pushed rapidly ahead, 
and the contact potential differences at metallic electrodes and between electrolytic 
solutions of different concentrations, which Ostwald had already begun to investigate at 
Riga, were explained by Ostwald and Nernst on the basis of ionisation and the osmotic 
theory of solutions. Le Blanc successfully investigated the E.M.F. required to decompose 
an aqueous solution of an electrolyte and developed the theory and practice of “‘ decom- 
position potentials,’ whilst Luther made important advances in connection with ionic 
equilibrium between coexistent phases and reaction kinetics. Ostwald’s extensive series 
of determinations of the ionisation constants of organic acids led him to trace many 
interesting relationships between molecular structure and ionising tendency in aqueous 
solution. This was the pioneer step in a direction which has led in recent years to the 
very important development of organic chemistry based on electronic (t.e., electrical) 
concepts. 

It was a consequence of the theory of ionisation that very dilute aqueous solutions 
of salts with a “ colourless’”’ cation and ‘‘ coloured’ anion should all exhibit the same 
colour, independently of the particular cation (e.g., K, Na, Li, Ca, etc.). By a careful 
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spectroscopic examination of aqueous solutions of various salts of permanganic acid, 
fluorescein, eosin, etc., Ostwald showed that, within the degree of accuracy of his measure- 
ments, the absorption spectra of equivalent very dilute solutions were in each case inde- 
pendent of the particular cation. 

In a very interesting paper publishedsin 1890, Ostwald pointed out that certain arti- 
ficially produced ‘‘ semipermeable’’ membranes were semipermeable with respect to 
(certain) ions, 7.e., not to salts as a whole, and was able in this way to indicate the nature 
and existence of various phenomena which in later years became the subject of many 
investigations. 

The solid crystalline state attracted a good deal of his attention. A very original 
example of this is his paper entitled ‘‘ Studien iiber die Bildung und Umwandlung fester 
K6rper,”’ in which he gives an account of his determinations of the smallest quantities of 
solid crystalline substances which will start crystallisation in supercooled melts or super- 
saturated solutions. In this paper Ostwald developed his concept of ‘‘ metastable ”’ as 
contrasted with “‘labile’’ states, and. was led to his ‘‘ law of successive changes’’; an 
unstable (labile) system does not change at first into the most stable state, 7.e., that 
possessing the smallest free energy, but into the state which lies nearest to the original 
state (as regards its free energy). Yellow and red mercuric iodide present a good example 
of phenomena of this sort. 

Another example of Ostwald’s interest in the solid state was his work on the yellow 
and red forms of mercuric oxide. He convinced himself by various methods, e.g., chemical 
equilibrium with a solution of potassium bromide, that the yellow form was simply the 
red form in a finer state of division and therefore possessing the higher solubility. This 
work led Ostwald to his equation for the variation of solubility of a solid substance asa 
function of average grain size, and thus to a method of determining the (average) “‘ surface 
tension ’’ between a solid and a solution. 

It would be quite impossible within the compass of this lecture to give any detailed 
account of the work done by Ostwald and his collaborators during the ten years, 1887— 
1897. Those interested in the matter may be referred to the four volumes of the 
“‘ Arbeiten des physikalisch-chemischen Instituts der Universitat Leipzig aus den Jahren 
1887—1897 ”’ (Engelmann, Leipzig). Ostwald was an ever-bubbling spring of fresh ideas 
and inspiration. Picture to yourselves a friendly enthusiastic man, with penetrating 
eyes, fresh colour, and reddish hair, moustache and beard, going the round of the research 
laboratory every day. If you had a difficulty, Ostwald had a solution to offer. If you had 
no difficulties, you probably got some newideas. If you had any views on music, painting, 
or philosophy, the Master was full of attention and would discuss them with you. 

As time went on Ostwald worked more and more through his research students. They 
were given the fresh ideas and constant help; and they were always allowed to publish 
under theirown names. The Professor was entirely devoid of scientific greed and jealousy. 

Throughout all his time at Leipzig Ostwald was constantly engaged on scientific literary 
work. He had an amazing speed and facility in writing. Engaged as he was with the 
heavy work in connection with the new Journal, he nevertheless found time for a constant 
stream of new books and other publications. His deep sense for the necessity of scientific 
men making direct acquaintance with the great original masterpieces of science was shown 
in his ‘“‘ Elektrochemie, ihre Geschichte und Lehre,” and in his inauguration and editing 
of the important ‘‘ Klassiker der exakten Wissenschaften,’’ many of which were annotated 
by himself. The ‘‘ Grundriss der allgemeinen Chemie”’ supplied a handy textbook for 
the thousands of students who could not face the ‘‘ Lehrbuch,” whilst the ‘‘ Grundriss 
der anorganischen Chemie ’’ showed how physical chemistry could render this somewhat 
neglected subject more interesting, logical and rational. This book was a forerunner of 
Abegg’s well-known “‘ Handbuch.” The “‘ Wissenschaftliche Grundlagen der analytischen 
Chemie ’’ threw a marvellous flood of light on the operations of analytical chemistry and 

strongly helped to raise this subject to the status of an important branch of chemical 
science. The ‘‘ Schule der Chemie” brought good chemical thinking to the notice of 
very young people, whilst ‘‘ Der Werdegang einer Wissenschaft ’’ was a “‘ chemistry without 
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chemicals,” in other words a sort of rapid historical sketch of the development of general 
concepts in chemical science. 

By the publication of these books Ostwald carried his teaching and the new knowledge 
to a much wider public than he could ever hope to influence personally in the laboratory. 
Throughout his life his continuous work ‘“‘.4n Schreibtisch’’ was an essential and 
important component of his mental activity.and output. He divided great scientific 
men into two types, the Klassiker, or those who work best quietly and alone, and the 
Romantiker, whose best work is done amidst a crowd of disciples and in the heat and fray 
of personal intercourse and argument. Van ’t Hoff said of Ostwald in 1903 that he was 
a man who, as soon as he knew or discovered something, was immediately possessed of a 
burning desire to communicate it to others. It was a true saying, for Ostwald was an 
ardent apostle of the light within him and the king of the Romantiker. 

The title of his inaugural lecture when he came to Leipzig in 1887 was “ Die Energie 
und ihre Umwandlungen.”” The subject was prophetic of much that was to follow. 
Already in Dorpat he was much interested in the science of thermodynamics. This was 
probably due to the influence of von Ottingen, who was a master of that subject, and even 
in those early days drew Ostwald’s attention to the work of Willard Gibbs. The develop- 
ment of the school of physical chemistry at Leipzig was largely based on thermodynamics, 
and Ostwald, recollecting the advice of von Ottingen, translated Gibbs’s famous paper 
into German and published it in book form under the title ‘‘ Thermodynamische Studien.”’ 
He relates in his autobiography that he was much struck by the fact that most of the 
terms in Gibbs’s equations represented energy in different forms. Gradually he 
became more and more convinced that molecules, atoms and ions were only mathematical 
fictions and that the real underlying component of the Universe was energy in its various 
forms. The laws of happening were the laws governing the fluxes and transformations of 
energy. In this manner came into being Ostwald’s “‘ Energetik.”” Ostwald, the reasoner 
and rationalist, was, perhaps unknown to himself, an artist by temperament. There 
is a beautiful passage in the “‘ Lebenslinien ”’ in which he describes how suddenly one sunny 
morning in early summer, as he walked among the flowers and butterflies and hearkened 
to the singing of the birds and the movement of life all around him, there came to him such 
an outpouring of the spirit that he could never again doubt the reality of energy as the 
essence of all being and happening. It would seem that this experience was a veritable 
mystic exaltation. 

At the Liibeck meeting in September, 1895, of the Society of German Scientific Investig- 
ators and Physicians, Ostwald delivered a lecture which created a great sensation. The 
title was ‘‘ Die Uberwindung des wissenschaftlichen Materialismus.”” He explained to his 
audience that the existing view of the world as consisting of something called matter, of 
material particles in constant motion, was an illusion and must be replaced by the view 
that reality consists in the interplay of energy in different forms. This was Ostwald’s 
first great public declaration of faith in his energetische Weltauffassung. It was coldly 
received and unfavourably criticised by the majority of chemists and physicists. Although 
his conceptual scheme was too simple, it must be admitted that in certain respects 
his ideas were nearer to the theories of modern physics than those of his contemporaries. 
What he was really attacking were the “‘ mechanical models” of the 19th century, 
the ‘‘engineer’s universe”’ of a now almost forgotten age. Ostwald maintained 
that it was fruitless to attempt to reduce all phenomena to matter and the mechanical 
laws relating to motion of matter. The substitute he proposed—energy in various 
forms—was perhaps the best that the science of his day could suggest to him, but 
constituted in its turn an insufficient basis for a new development of physico-chemical 
science. In later years, owing to the work of Perrin and the newer developments of physics, 
Ostwald somewhat modified his views and admitted the existence of an apparently dis- 
continuous ‘‘ grainedness’’ in the physico-chemical world—in other words, atoms and 
molecules. 

He soon began to apply his energy concept to a wider range of ideas. From this, as 
stated in the beginning of this lecture, he passed to the concept of a new general Natur- 
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philosophie, a philosophy of science which would be a “ science of the sciences.”” This was 
something that he hoped would replace the efforts of Kant and his followers. Perhaps 
we might regard it as in some respects an extension and development of the ideas expounded 
by August Comte in the ‘‘ Philosophie positive ’’ many years earlier. Ostwald now began 
to give lectures on Naturphilosophie, embodied these in a book entitled ‘‘ Vorlesungen tiber 
Naturphilosophie,” and founded and edited yet another new Journal, the Annalen der 
Naturphilosophie (1901). 

In spite of all these excursions into more general fields of thought, he continued his 
work as a Director of a Research Laboratory and a physical chemist. He brought out a 
new and greatly enlarged edition of the famous ‘‘ Lehrbuch der allgemeinen Chemie,” 
though he was never able to finish it, owing to the swelling tide of new material which he 
himself had done so much to encourage. 

In 1894 Ostwald took a very important step, by the foundation, together with A. Wilke, 
of the Elektrochemische Gesellschaft. He played an important part also in the creation 
(in the same year) of a corresponding new Journal, the Zeitschrift fiir Elektrochemie, of 
which he acted as one of the chief collaborators. The new Electrochemical Society held 
annual scientific meetings and absorbed a great deal of Ostwald’s time, since he was 
President until 1898. At his own suggestion the name was changed in that year to Deutsche 
Bunsen-Gesellschaft fiir angewandte physikalische Chemie, an indication that the scope of 
the Society’s work extended much beyond electrochemistry. Since that time the annual 
meetings of the Society, the records of which are published in the Zeitschrift fiir Elektro- 
chemie und angewandte physikalische Chemie, have exerted a powerful influence on the 
development of physical chemistry. 

The increasing number of research students who came to work under Ostwald’s 
guidance and inspiration made the old quarters in the Briiderstrasse entirely inadequate. 
At length the University authorities lent an ear to Ostwald’s appeals for a new laboratory. A 
new Physico-chemical Institute was built, and in 1897 he and his students and collaborators 
moved into the new laboratory at 2 Linné Strasse. The second phase of Ostwald’s 
scientific work and influence at Leipzig now began. He bethought himself of new fields 
to cultivate and decided on a study of catalytic actions. As we have seen, the seeds of 
this idea were sown at Riga. But Ostwald had already initiated and encouraged various 
researches on reaction kinetics. His “isolation ’’ method for determining the exponents 
in the general reaction velocity equation 


Rate = ka™b"cP . . . 


where a, b, c, . . . are the concentrations of the reacting components was well known. 
He had formed a general concept of catalysis as the effect of a present constituent in chang- 
ing the velocity of a possible, though perhaps exceedingly slow, reaction, 7.e., a reaction 
which must not be thought of as caused by the catalyst (thermodynamically possible without 
it). The catalyst must be a substance which did not form a constituent of the final 
products. From the laws of thermodynamics Ostwald deduced that in reversible reactions 
the catalyst must increase in like measure the velocity constants of both reactions. A 
very valuable publication of this period was his ‘‘ Altere Geschichte der Lehre von den 
Beriihrungswirkungen ’’ (Decanatschrift, 1898), whilst a very clear statement of the 
whole question was given by Ostwald in his lecture ‘“‘ Uber Katalyse”’ (published as a 
brochure, Leipzig, 1902). 

He realised very clearly that his ‘‘ Energetik’’ left the question of the velocity of 
physical and chemical changes untouched. The “ problem of time”’ did not enter into 
the thermodynamic laws. The action of a catalyst did not infringe these laws, but in 
altering the speed of a chemical reaction it opened up a new world of “ time ’’ phenomena, 
the investigation of which must be regarded as a necessary development and extension of 
the energy theory. 

Many important researches in this field of work were carried out in the new Institute. 
We may note Bredig’s work on the catalytic effects of his colloidal platinum sol, Boden- 
stein’s work on the catalysed combination of gases, Senter’s work on Hadmase, a ferment 
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discovered by him in blood, which accelerates the decomposition of hydrogen peroxide, 
Ostwald’s discovery (with O. Gros) of the Katatypie process, and his study (with E. Brauer) 
of the catalytic oxidation of ammonia to nitric oxide. With the help of Dr. Brauer this 
was developed into a technical method for the conversion of ammonia into nitric acid. 
Ostwald’s clear formulation of the concept of ferments as organic catalysts was of great 
value for biology. He was awarded the Nobel Prize for Chemistry in 1909, the stated 
reason being the importance of his work on catalysis. 

In the later Leipzig period falls his interesting investigation on the periodic solution 
of metallic chromium in acids. The chromium had been produced by Goldschmidt’s new 
thermit process. Although later specimens of chromium failed to show the phenomenon 
of periodic solution, the investigation was a very good example of Ostwald’s ingenuity and 
resource in devising new and suitable apparatus. 

In 1903 the Jubilee of Ostwald’s promotion to the doctorate (Dorpat, 1878) was cele- 
brated by his friends, pupils and admirers. As is the graceful German custom, Volume 46 
of the Zeitschrift fiir physikalische Chemie was dedicated to him by his present and former 
research students. It contained 34 papers, occupying 878 pages, and an enthusiastic 
account of Ostwald’s life and work by van ’t Hoff. There was also a valuable bibliography 
of all Ostwald’s publications up to 1903 (compiled by P. Walden). 

In the later period of Ostwald’s career at Leipzig signs were not wanting that his main 
interests were gradually extending to wider and more general fields than physical chemistry. 
The research work of the laboratory went on as successfully as ever, but he began to rely 
more and more on his excellent assistants for the initiation and direction of new researches. 
Robert Luther was appointed Sub-Director of the Laboratory and was a great source of 
strength. Moreover the enormous strain of the work accomplished by Ostwald in so 
many various fields was now beginning to tell. He had already had one breakdown in 
health (1896), from which, however, he had made a good recovery. 

Some relief was afforded by visits to the United States. In 1903 he was invited to 
open the new Physiological Laboratory of Jacques Loeb at Berkeley, near San Francisco 
(University of California), whilst in 1904 he was invited to lecture on Philosophy at the 
St. Louis Exhibition. In 1905 Ostwald asked the University to relieve him of some of 
his routine lecturing work. This the Faculty refused to do. Ostwald sent in his resig- 
nation, but was requested by the Saxon Ministry of Education to defer it. As he had 
received another invitation to the United States to lecture there during the winter and 
spring of 1905—1906, he consented on his return to complete the summer semester of 1906 
before retiring from his Professorship. In America he lectured at Harvard University, 
the Massachusetts Institute of Technology, and Columbia University, New York City, his 
subjects comprising both Philosophy and Chemistry. His visit was made as the first 
_ Exchange Professor between Germany and the United States, a new plan in which the 

German Kaiser took the liveliest interest. That the first choice fell on Ostwald was a 
high mark of the honour in which he was held. 

In the summer of 1906 Ostwald left the University of Leipzig and retired to his country 
house ‘‘ Energie.” Some years previously he had bought this house, with its wild garden 
and grounds, as a summer holiday resort for his young family. It was now enlarged and 
made into a suitable permanent residence, whilst as the years went on he gradually bought 
more and more ground until he was the possessor of quite a considerable estate. Ostwald 
had made a good deal of money by his continuous literary production, so that this, together 
with his University pension, gave him a sufficiency of means. 

In October 1906 he was invited to Liverpool as the chief foreign guest at the opening 
of the Muspratt Laboratory of Physical and Electro-Chemistry, the first special and 
independent University Laboratory of this sort in the British Empire. Ostwald stayed 
with the donor of the laboratory, Dr. Edmund Muspratt, at his beautiful home, Seaforth 
Hall, and was very interested to learn that both Dr. Muspratt and his brother Sheridan 
had studied under Liebig at Giessen, whilst Liebig himself had stayed at Seaforth Hall. 
In the summer of 1907 Ostwald returned to the University of Liverpool to receive the 
honorary degree of Doctor of Science. 
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To a man of his active temperament, broad interests, and widespread fame, retirement 
meant no peaceful period of leisure. With increasing frequency he was called upon to 
give lectures and take part in national and international movements directed towards 
the development and organisation of intellectual work. He became the “ practical idealist” 
(as he described himself), who was anxious to devote his talent of organisation, his 
scientific knowledge and his philosophical outlook to the improvement of human civilis- 
ation. Only a brief reference can be made here to the manifold activities of this period 
(1906—1914). He made important contributions to what he called the “ psychographic ” 
study of genius and wrote his famous book ‘‘ Grosse Manner: Studien zur Biologie des 
Genies,”’ whilst the reform of school teaching attracted much of his attention. He was 
anxious that the best possible methods should be used in the development of human 
abilities. He continued to edit the Annalen der Naturphilosophie and to devote much of 
his spare time to the writing of papers and books dealing with the application of his Natur- 
philosophie to a wide variety of problems—the philosophy of values, the nature of good 
action, etc. 

The value and practical possibility of an auxiliary artificial language appealed greatly 
to Ostwald, so he welcomed the opportunity of taking an active part in the international 
meetings and discussions at Paris which resulted in the establishment of Jdo, a greatly 
reformed and improved variant of Esperanto. 

About this time the German industrialists were becoming dissatisfied with the too 
highly specialised education of the University-trained chemist. Suggestions were made 
for the introduction of a State Examination, but Ostwald, foreseeing the danger of further 
extension of bureaucratic control, took a leading part in the formation of the “‘ Association 
of Directors of University Chemical Laboratories ’’ and the establishment under their 
auspices of the well-known Verbandsexamen. 

Ernst Haeckel persuaded him to become President of the ‘‘ League of Monists.’’ Ostwald 
consented, as he regarded his philosophical scheme as a true monist philosophy. Scenes 
of great enthusiasm accompanied the meeting at Hamburg where Ostwald and others 
addressed large audiences. At the conclusion of the meeting a pilgrimage was made to 
Haeckel’s home at Jena. As a fruit of this period there resulted Ostwald’s ‘‘ Monistic 
Sunday Sermons.” Unfortunately he lost a considerable amount of money in the establish- 
ment of a colony of Monists. This was a failure, as might have been expected, since the 
consolations of philosophy have little effect on the greed, jealousy and ill temper of average 
mortals. He also lost money in connection with an enterprise called the Briicke, the object 
of which was to create a sort of central nervous system for the organisation and integration 
of intellectual and cultural work. 

During all these efforts and strivings Ostwald did not forget his chemical interests. 
Thus he became a member of the International Commission for Atomic Weights, and took 
a very active part in the movement for the foundation of an international Association of 
Chemical Societies. 

Then came the world war and the shipwreck of much work and many hopes. Ostwald 
asked the authorities to make use of his knowledge and experience, but nothing was done. 
He was now 61 and had led a life of strenuous activity. Thrown back on his own resources 
and living in his quiet country house amidst a world of raging war, what wonder if at last 
had come the long-deferred period of repose? Nothing of the kind happened. The 
philosopher and would-be world organiser returned to his old love, a voyage of experimental 
discovery. He had always been a skilful landscape painter and this had led him, as we 
know from his “ Malerbriefe,” to consider the scientific foundations of the art of painting. 
He now resolved to investigate the theory of body colour and to establish both methods of 
measurements and colour standards. His object was to enable Mr. X. in any part of the 
world to reproduce any definite and desired body colour, provided he knew its metrical 
specification and the selected standards. 

Ostwald began with the greys, which he regarded as mixtures of black and white. He 
found that he could match any given grey by employing a standard white pigment and 
varying the amount of light falling on it by means of a half-shadow photometer which he 
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constructed and affectionately called his Hasch (a contraction of Halbschatten). From the 
greys he passed on to colours in general, regarding each definite body colour as a mixture 
of a standard “ full” colour, black and white. 

As the war progressed and the shortage of fuel for the heating of his house got more 
and more acute, we can picture the valiant old investigator stalking about his laboratory 
on winter days with hot water bottles strapped to his feet (a precaution due no doubt to 
his wonderful wife, though the method savours of Ostwald’s experimental genius). But 
what did cold and other inconveniences matter to a man whose soul was filled with delight 
as his ideas and methods took ever clearer shape? Was he not succeeding where Goethe 
and Helmholtz had failed ? 

Ostwald considered these researches and their results to be the greatest work of his life. 
He published an account of them in the “‘ Farbenlehre ”’ and other related works. His 
joy in this investigation was due, no doubt, to three causes: the working out of clear 
concepts and a new theory, the successful return to experimental research, and the satis- 
faction of the artistic side of his nature. 

In the very last period of his life he passed on to the serene regions of aesthetics, the 
meaning of beauty in form as well as colour. He regarded beauty as harmonious 
relationship, and harmonious relationship as the embodiment of underlying law. So he 
drew inspiration from the work of Weber and Fechner and by making experiments with 
colours and forms persuaded himself that there was indeed a law of harmony, a Schénheit 
des Gesetzes. 

In his progress upwards through various realms of thought and discovery, Ostwald 
probably felt that his career bore some resemblance to that of his hero, Goethe. It was 
meet therefore that his last work, published in the year in which he died, should bear the 
title ‘“‘ Goethe, der Prophete.”’ 

Ostwald was very happy in his family life. For fifty-two years his devoted wife 
managed his household (and himself?) with unfailing love and efficiency. At this time of 
writing she is still alive and well. Surviving Ostwald are two daughters, Grete, who is a 
skilful artist, and Elsbeth, who married Dr. E. Brauer; also three sons, Wolfgang, Pro- 
fessor in Leipzig University, the well-known investigator of colloid phenomena and the 
founder and editor of the Kolloid Zeitschrift and the Kolloidgesellschaft, Walter, who is a 
fuel chemist and writer, and Otto, who holds a Government post in Berlin. There are 
nine grandchildren, the sons and daughters of Dr. Brauer and Walter Ostwald. 

It would be impossible to enumerate on this occasion all the honours which were 
showered on Ostwald. In a list given to the present writer by Mrs. Ostwald there are 67 
items. He was the recipient of honorary degrees from the Universities of Halle, Toronto, 
Aberdeen, Cambridge, Liverpool, and Geneva, and the Technische Hochschule of Karlsruhe. 
He was elected an honorary member of the Chemical Society; the American Chemical 
Society; the Royal Institution; the Bunsen Society; the Prussian Academy of Sciences, 
Berlin; the National Academy of Sciences, Washington; the Royal Academy of Sciences, 
Copenhagen ; the Swedish Academy of Sciences, Stockholm ; the Royal Society of Sciences, 
Kristiania ; the Imperial Academy of Sciences, Vienna; the Imperial Academy of Sciences, 
St. Petersburg; the Royal Hungarian Academy of Sciences. 

He was the recipient of the Faraday, Guldberg, and Exner Medals, and a member of 
six Orders. 

Ostwald visited many countries and gave important lectures and addresses. Of these 
may be noted the Faraday Lecture in London in 1904, where he endeavoured—/orribile 
dictu—to explain the mass laws of chemical combination amongst the elements without 
the use of the atomic theory; various visits to the meetings of the British Association and 
especially the celebrated one at Leeds in 1890, when, together with van ’t Hoff, he had to 
expound and defend the theory of ionic dissociation; the Ingersoll Lecture at Harvard 
University in 1906, when he explained his reasons for not believing in the immortality of 
individual personalities and shocked some Americans. 

There can have been few moments in Ostwald’s life when ideas were not fermenting 
in his brain, or his active pen not making speed to carry the truth as he saw it to those 
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outside the circle of light. It was a rich, full and successful life, in which he endeavoured 
to make the best use of the abundant energy accorded to him. In science as much as in 
philosophy there is no attainment of absolute Truth, for the great current of thought, 
investigation and discovery flows ever on. We may say with deep sincerity and respect 
that Wilhelm Ostwald strove long and gallantly for the great cause. 
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discovered by him in blood, which accelerates the decomposition of hydrogen peroxide, 
Ostwald’s discovery (with O. Gros) of the Katatypie process, and his study (with E. Brauer) 
of the catalytic oxidation of ammonia to nitric oxide. With the help of Dr. Brauer this 
was developed into a technical method for the conversion of ammonia into nitric acid. 
Ostwald’s clear formulation of the concept of ferments as organic catalysts was of great 
value for biology. He was awarded the Nobel Prize for Chemistry in 1909, the stated 
reason being the importance of his work on catalysis. 

In the later Leipzig period falls his interesting investigation on the periodic solution 
of metallic chromium in acids. The chromium had been produced by Goldschmidt’s new 
thermit process. Although later specimens of chromium failed to show the phenomenon 
of periodic solution, the investigation was a very good example of Ostwald’s ingenuity and 
resource in devising new and suitable apparatus. 

In 1903 the Jubilee of Ostwald’s promotion to the doctorate (Dorpat, 1878) was cele- 
brated by his friends, pupils and admirers. As is the graceful German custom, Volume 46 
of the Zeitschrift fiir physikalische Chemie was dedicated to him by his present and former 
research students. It contained 34 papers, occupying 878 pages, and an enthusiastic 
account of Ostwald’s life and work by van ’t Hoff. There was also a valuable bibliography 
of all Ostwald’s publications up to 1903 (compiled by P. Walden). 

In the later period of Ostwald’s career at Leipzig signs were not wanting that his main 
interests were gradually extending to wider and more general fields than physical chemistry. 
The research work of the laboratory went on as successfully as ever, but he began to rely 
more and more on his excellent assistants for the initiation and direction of new researches. 
Robert Luther was appointed Sub-Director of the Laboratory and was a great source of 
strength. Moreover the enormous strain of the work accomplished by Ostwald in so 
many various fields was now beginning to tell. He had already had one breakdown in 
health (1896), from which, however, he had made a good recovery. 

Some relief was afforded by visits to the United States. In 1903 he was invited to 
open the new Physiological Laboratory of Jacques Loeb at Berkeley, near San Francisco 
(University of California), whilst in 1904 he was invited to lecture on Philosophy at the 
St. Louis Exhibition. In 1905 Ostwald asked the University to relieve him of some of 
his routine lecturing work. This the Faculty refused to do. Ostwald sent in his resig- 
nation, but was requested by the Saxon Ministry of Education to defer it. As he had 
received another invitation to the United States to lecture there during the winter and 
spring of 1905—1906, he consented on his return to complete the summer semester of 1906 
before retiring from his Professorship. In America he lectured at Harvard University, 
the Massachusetts Institute of Technology, and Columbia University, New York City, his 
subjects comprising both Philosophy and Chemistry. His visit was made as the first 
Exchange Professor between Germany and the United States, a new plan in which the 
German Kaiser took the liveliest interest. That the first choice fell on Ostwald was a 
high mark of the honour in which he was held. 

In the summer of 1906 Ostwald left the University of Leipzig and retired to his country 
house “‘ Energie.”” Some years previously he had bought this house, with its wild garden 
and grounds, as a summer holiday resort for his young family. It was now enlarged and 
made into a suitable permanent residence, whilst as the years went on he gradually bought 
more and more ground until he was the possessor of quite a considerable estate. Ostwald 
had made a good deal of money by his continuous literary production, so that this, together 
with his University pension, gave him a sufficiency of means. 

In October 1906 he was invited to Liverpool as the chief foreign guest at the opening 
of the Muspratt Laboratory of Physical and Electro-Chemistry, the first special and 
independent University Laboratory of this sort in the British Empire. Ostwald stayed 
with the donor of the laboratory, Dr. Edmund Muspratt, at his beautiful home, Seaforth 
Hall, and was very interested to learn that both Dr. Muspratt and his brother Sheridan 
had studied under Liebig at Giessen, whilst Liebig himself had stayed at Seaforth Hall. 
In the summer of 1907 Ostwald returned to the University of Liverpool to receive the 
honorary degree of Doctor of Science. 

z 
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To a man of his active temperament, broad interests, and widespread fame, retirement 
meant no peaceful period of leisure. With increasing frequency he was called upon to 
give lectures and take part in national and international movements directed towards 
the development and organisation of intellectual work. He became the “ practical idealist” 
(as he described himself), who was anxious to devote his talent of organisation, his 
scientific knowledge and his philosophical outlook to the improvement of human civilis- 
ation. Only a brief reference can be made here to the manifold activities of this period 
(1906—1914). He made important contributions to what he called the ‘‘ psychographic ” 
study of genius and wrote his famous book ‘‘ Grosse Manner: Studien zur Biologie des 
Genies,”’ whilst the reform of school teaching attracted much of his attention. He was 
anxious that the best possible methods should be used in the development of human 
abilities. He continued to edit the Annalen der Naturphilosophie and to devote much of 
his spare time to the writing of papers and books dealing with the application of his Natur- 
philosophie to a wide variety of problems—the philosophy of values, the nature of good 
action, etc. 

The value and practical possibility of an auxiliary artificial language appealed greatly 
to Ostwald, so he welcomed the opportunity of taking an active part in the international 
meetings and discussions at Paris which resulted in the establishment of Ido, a greatly 
reformed and improved variant of Esperanto. 

About this time the German industrialists were becoming dissatisfied with the too 
highly specialised education of the University-trained chemist. Suggestions were made 
for the introduction of a State Examination, but Ostwald, foreseeing the danger of further 
extension of bureaucratic control, took a leading part in the formation of the “ Association 
of Directors of University Chemical Laboratories ’’ and the establishment under their 
auspices of the well-known Verbandsexamen. 

Ernst Haeckel persuaded him to become President of the “‘ League of Monists.”” Ostwald 
consented, as he regarded his philosophical scheme as a true monist philosophy. Scenes 
of great enthusiasm accompanied the meeting at Hamburg where Ostwald and others 
addressed large audiences. At the conclusion of the meeting a pilgrimage was made to 
Haeckel’s home at Jena. As a fruit of this period there resulted Ostwald’s ‘‘ Monistic 
Sunday Sermons.”” Unfortunately he lost a considerable amount of money in the establish- 
ment of a colony of Monists. This was a failure, as might have been expected, since the 
consolations of philosophy have little effect on the greed, jealousy and ill temper of average 
mortals. He also lost money in connection with an enterprise called the Briicke, the object 
of which was to create a sort of central nervous system for the organisation and integration 
of intellectual and cultural work. 

During all these efforts and strivings Ostwald did not forget his chemical interests. 
Thus he became a member of the International Commission for Atomic Weights, and took 
a very active part in the movement for the foundation of an international Association of 
Chemical Societies. 

Then came the world war and the shipwreck of much work and many hopes. Ostwald 
asked the authorities to make use of his knowledge and experience, but nothing was done. 
He was now 61 and had led a life of strenuous activity. Thrown back on his own resources 
and living in his quiet country house amidst a world of raging war, what wonder if at last 
had come the long-deferred period of repose? Nothing of the kind happened. The 
philosopher and would-be world organiser returned to his old love, a voyage of experimental 
discovery. He had always been a skilful landscape painter and this had led him, as we 
know from his “‘ Malerbriefe,’”’ to consider the scientific foundations of the art of painting. 
He now resolved to investigate the theory of body colour and to establish both methods of 
measurements and colour standards. His object was to enable Mr. X. in any part of the 
world to reproduce any definite and desired body colour, provided he knew its metrical 
specification and the selected standards. 

Ostwald began with the greys, which he regarded as mixtures of black and white. He 
found that he could match any given grey by employing a standard white pigment and 
varying the amount of light falling on it by means of a half-shadow photometer which he 
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constructed and affectionately called his Hasch (a contraction of Halbschatten). From the 
greys he passed on to colours in general, regarding each definite body colour as a mixture 
of a standard “ full’ colour, black and white. 

As the war progressed and the shortage of fuel for the heating of his house got more 
and more acute, we can picture the valiant old investigator stalking about his laboratory 
on winter days with hot water bottles strapped to his feet (a precaution due no doubt to 
his wonderful wife, though the method savours of Ostwald’s experimental genius). But 
what did cold and other inconveniences matter to a man whose soul was filled with delight 
as his ideas and methods took ever clearer shape? Was he not succeeding where Goethe 
and Helmholtz had failed ? 

Ostwald considered these researches and their results to be the greatest work of his life. 
He published an account of them in the “ Farbenlehre ” and other related works. His 
joy in this investigation was due, no doubt, to three causes: the working out of clear 
concepts and a new theory, the successful return to experimental research, and the satis- 
faction of the artistic side of his nature. 

In the very last period of his life he passed on to the serene regions of aesthetics, the 
meaning of beauty in form as well as colour. He regarded beauty as harmonious 
relationship, and harmonious relationship as the embodiment of underlying law. So he 
drew inspiration from the work of Weber and Fechner and by making experiments with 
colours and forms persuaded himself that there was indeed a law of harmony, a Schénheit 
des Geselzes. 

In his progress upwards through various realms of thought and discovery, Ostwald 
probably felt that his career bore some resemblance to that of his hero, Goethe. It was 
meet therefore that his last work, published in the year in which he died, should bear the 
title “‘ Goethe, der Prophete.”’ 

Ostwald was very happy in his family life. For fifty-two years his devoted wife . 
managed his household (and himself?) with unfailing love and efficiency. At this time of 
writing she is still alive and well. Surviving Ostwald are two daughters, Grete, who is a 
skilful artist, and Elsbeth, who married Dr. E. Brauer; also three sons, Wolfgang, Pro- 
fessor in Leipzig University, the well-known investigator of colloid phenomena and the 
founder and editor of the Kolloid Zeitschrift and the Kolloidgesellschaft, Walter, who is a 
fuel chemist and writer, and Otto, who holds a Government post in Berlin. There are 
nine grandchildren, the sons and daughters of Dr. Brauer and Walter Ostwald. 

It would be impossible to enumerate on this occasion all the honours which were 
showered on Ostwald. In a list given to the present writer by Mrs. Ostwald there are 67 
items. He was the recipient of honorary degrees from the Universities of Halle, Toronto, 
Aberdeen, Cambridge, Liverpool, and Geneva, and the Technische Hochschule of Karlsruhe. 
He was elected an honorary member of the Chemical Society; the American Chemical 
Society; the Royal Institution; the Bunsen Society; the Prussian Academy of Sciences, 
Berlin; the National Academy of Sciences, Washington; the Royal Academy of Sciences, 
Copenhagen ; the Swedish Academy of Sciences, Stockholm ; the Royal Society of Sciences, 
Kristiania; the Imperial Academy of Sciences, Vienna; the Imperial Academy of Sciences, 
St. Petersburg; the Royal Hungarian Academy of Sciences. 

He was the recipient of the Faraday, Guldberg, and Exner Medals, and a member of 
six Orders. 

Ostwald visited many countries and gave important lectures and addresses. Of these 
may be noted the Faraday Lecture in London in 1904, where he endeavoured—Aorribile 
dictu—to explain the mass laws of chemical combination amongst the elements without 
the use of the atomic theory; various visits to the meetings of the British Association and 
especially the celebrated one at Leeds in 1890, when, together with van ’t Hoff, he had to 
expound and defend the theory of ionic dissociation; the Ingersoll Lecture at Harvard 
University in 1906, when he explained his reasons for not believing in the immortality of 
individual personalities and shocked some Americans. 

There can have been few moments in Ostwald’s life when ideas were not fermenting 
in his brain, or his active pen not making speed to carry the truth as he saw it to those 
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outside the circle of light. It was a rich, full and successful life, in which he endeavoured 
to make the best use of the abundant energy accorded to him. In science as much as in 
philosophy there is no attainment of absolute Truth, for the great current of thought, 
investigation and discovery flows ever on. We may say with deep sincerity and respect 
that Wilhelm Ostwald strove long and gallantly for the great cause. 





88. The Dehydration of the a-Forms of r- and (+)-o- and -m- 
Tolylhydrobenzoins. 


By RoBERT ROGER and WILLIAM B. McKay. 


THE dehydration of r-f-tolylhydrobenzoin (a-form) was first investigated by McKenzie, 
Mills, and Myles (Ber., 1930, 63, 904), who found that concentrated sulphuric acid led to the 
formation of f-tolyl diphenylmethyl ketone; Koelsch (J. Amer. Chem. Soc., 1932, 54, 2049) 
confirmed this result. Later, McKenzie, Roger, and McKay (J., 1932, 2597) showed that 
the main product of the reaction was not this ketone but #-tolyldeoxybenzoin; they 
also showed that the action of dilute sulphuric acid or oxalic acid on either the r- or the 
(+)form of the glycol gave almost exclusively r-p-tolyldeoxybenzoin. 

The dehydration of the «-forms of the 7- and (+)-o- and -m-tolylhydrobenzoins (Roger 
and McKay, J., 1931, 2229) is now described. With dilute sulphuric acid 7-m-tolylhydro- 
benzoin gave mainly r-m-tolyldeoxybenzoin, whilst concentrated acid gave the two isomeric 
ketones, r-m-tolyldeoxybenzoin and m-tolyl diphenylmethyl ketone, but only the former 
could be isolated. Dehydration of (+)-m-tolylhydrobenzoin («-form) gave mainly r-m- 
tolyldeoxybenzoin, but a small amount of dextrorotatory oil was also obtained. The 
addition of a trace of alcoholic potash to an ethyl-alcoholic solution of this oil indicated the 
presence of a trace of (+)-m-tolyldeoxybenzoin. Dehydration of the (+)form of the 
glycol with oxalic acid gave r-m-tolyldeoxybenzoin. The syntheses of the isomeric ketones 
by Grignard reactions are described. 

The action of concentrated sulphuric acid on r-o-tolylhydrobenzoin gave a small amount 
of a compound, m. p. 47—48°, apparently o-tolyl diphenylmethyl ketone. The residual oil 
was a mixture of the isomeric ketones, r-o-tolyldeoxybenzoin and o-tolyl diphenylmethyl 
ketone, the latter preponderating. Dilute sulphuric acid gave diphenyl-o-tolylacetaldehyde. 
Another compound, m. p. 55—56°, provisionally regarded as o-tolyldeoxybenzoin, was also 
isolated. The first transformation of the aldehyde with concentrated sulphuric acid gave 
the compound, m. p. 48—49°, but later experiments always yielded an oil which was a 
mixture of the two isomeric ketones. When (-+)-o-tolylhydrobenzoin («-form) was 
dehydrated with dilute sulphuric acid, the aldehyde and a highly dextrorotatory com- 
pound, m. p. 79-5—80-5°, were obtained. An ethyl-alcoholic solution of the latter was 
gradually racemised completely by a trace of alcoholic potash. From the racemised 
solution a compound, m. p. 55—56°, was isolated, identical with that of similar m. p. 
obtained in the dehydration of the r-glycol with dilute sulphuric acid. 

McKenzie, Roger, and McKay (loc. cit.) regarded the formation of r-p-tolyldeoxy- 
benzoin from the dehydration of (+-)-p-tolylhydrobenzoin («-form) with dilute sulphuric 
acid or oxalic acid as an example of vinyl dehydration : 


Ph ————— ee 
* Hf _—_—_ C,H, “<on —_ ?r- ro: a CO-Ph (I.) 


a mechanism which is not necessarily confined to the use of concentrated sulphuric acid 
[cf. the dehydration of r-anisylhydrobenzoin («-form), Tiffeneau and Orékhoff, Bull. Soc. 
chim., 1921, 29, 445]. It is extremely improbable that the formation of r-p-tolyldeoxy- 
benzoin can be attributed to a semipinacolinic change, since the work of Roger and McKenzie 
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(Ber., 1929, 62, 272; cf. McKenzie and Dennler, Ber., 1927, 60, 220) suggests that an 
optically active ketone should be produced as the result of such a mechanism. 

McKenzie, Roger, and McKay (loc. cit.) made no attempt to explain the formation of 
the p-tolyl diphenylmethyl ketone from #-tolylhydrobenzoin («-form) but stated that 
semipinacolinic transformation appeared unlikely. Such a change would give the most 
straightforward mechanism (II). This, however, is not in accordance with our knowledge 


Ph 
ph>CH-CO-CH, gy) 


of the saturation capacities of the phenyl and the f-tolyl group. In the dehydration of the 
glycol with dilute sulphuric acid a small amount of a compound, m. p. 171—172°, probably 
diphenyl-f-tolylacetaldehyde, was isolated by those authors. This is suggestive, for 
Danilov has claimed that such aldehydes can play the part of intermediates in glycol 
dehydration; but such a mechanism is in certain cases definitely excluded (Roger and 
McKenzie, Joc. cit.). The dehydration of p-tolylhydrobenzoin («-form) with concentrated 
sulphuric acid can, however, be a oa the lines suggested by Danilov : 


Ph 
rh 


migration of C,H, Ph 





igi H, 


Ph 
(II1.) PhoA-CHO— migration of Ph 
C,H, <> (1, >CHCO-Ph 





The production of f-tolyldeoxybenzoin during the dilute sulphuric acid or oxalic acid 
dehydration of #-tolylhydrobenzoin («-form) can still be regarded as the result of vinyl 
dehydration, otherwise one would expect that the aldehyde would have been isolated in 
much more than a mere trace. 

Similar considerations can also be applied to the dehydration of v-m-tolylhydrobenzoin 
(«-form). Dehydration of the (+) stereoisomeride («-form) with dilute sulphuric acid 
was interesting as it showed the presence of a small amount of optically active m-tolyl- 
deoxybenzoin. Now this ketone could not have been formed according to either of the 
schemes (I) or (III), and the obvious alternative is scheme (II), 7.e., semipinacolinic trans- 
formation. Little is known definitely about the saturation capacity of the m-tolyl group, 
but, if it were much smaller than that of phenyl, then the possibility of semipinacolinic 
transformation taking place would be greatly enhanced. 

In some respects the dehydration of r- and (+)-o-tolylhydrobenzoins differed materially 
from those of the other tolylhydrobenzoins. Dehydration with concentrated sulphuric 
acid again gave a mixture of isomeric ketones. On the other hand, dehydration with 
dilute acid gave a product consisting largely of diphenyl-o-tolylacetaldehyde, the residue 
probably containing a large proportion of o-tolyldeoxybenzoin. The dehydration thus 
resembles that of triphenylethylene glycol and of «-naphthylhydrobenzoin (McKenzie and 
Roger, J., 1924, 125, 844; McKenzie and Dennler, ibid., p. 2105). Dehydration of the 
optically active glycol yielded a compound, provisionally regarded as the o-tolyldeoxy- 
benzoin, in an almost optically pure state. Of the schemes outlined so far, (II) is the only 
one which explains this result. On the basis of this scheme, however, the assumption is 
made that the o-tolyl group has a saturation capacity smaller than that of hydrogen (cf., 
however, Bailar, J. Amer. Chem. Soc., 1930, 52, 3596). The formation of the aldehyde 
presupposes the transient existence of the intermediate complex, -CPh(C,H,)*CHPh-:O-, 
and consequently the tertiary hydroxyl group in the glycol is the least firmly held. If the 
hydrogen atom migrates in preference to phenyl, then this complex can be utilised to explain 
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the formation of o-tolyldeoxybenzoin. The dehydration with dilute acid could therefore 


be depicted as follows : 
migration of H 


44) Ph > ED CH-CO-Ph 
C.H mets 
a 7 — (Optically active.) 


, . a4 , : Ph 
a es. (Optically active.) migration of Ph \ 
(Optically active.) —> Ph >C-CHO 
(IV.) C,H, 

(Optically inactive.) 


This example would, therefore, constitute the first application of polarimetric methods to 
the study of the ‘‘ semihydrobenzoin migration of hydrogen.”” We do not, however, wish 
to commit ourselves definitely to this principle until we have gained further knowledge of 
the saturation capacity of the o-tolyl group and also until we are certain of the constitution 
of the compound which we provisionally regard as o-tolyldeoxybenzoin. Tiffeneau and 
Lévy (Bull. Soc. chim., 1931, 49, 1688) do not favour this mechanism in many cases; but 
Lagrave (Ann. Chim., 1927, 8, 363) favours this semihydrobenzoin migration of hydrogen 
in preference to vinyl dehydration as an explanation of the formation of anisyldeoxy- 
benzoin from anisylhydrobenzoin. 

None of these theories takes into account the possibility of the interconversion of the 
isomeric ketones arising in the dehydrations, e.g., o-tolyldeoxybenzoin — o-tolyl diphenyl- 
methyl ketone. This possibility was tested by triturating 7-o-tolyldeoxybenzoin with 
concentrated sulphuric acid for some hours, but the original ketone only was recovered. 
The reverse action could not have taken place in the presence of dilute sulphuric acid, since 
the compound presumed to be o-tolyldeoxybenzoin is obtained in an optically active 
condition on dehydration of the (+-)glycol. 

The amount of v-ketone formed in the dehydration of (+-)-o-tolylhydrobenzoin with 
dilute acid was apparently much smaller than was the case during the dehydration of 
(+-)-8-phenyl-««-dibenzylethylene glycol (Roger and McKenzie, Joc. cit.). This may be 
due to a smaller susceptibility to racemisation on the part of (+)-o-tolyldeoxybenzoin. 
If the formation of optically active ketones takes place along the lines indicated in schemes 
(II) or (IV), then the reaction is one of displacement, a hydrogen atom or a group replacing 
an electric charge (McKenzie, Roger, and Wills, J., 1926, 779). In displacement reactions 
with optically active compounds some racemisation often takes place (cf. the work of 
McKenzie and collaborators). The sulphuric acid used in the dehydrations also exercises 
a racemising effect. The partial loss of activity in the formation of these ketones would 
thus be the combined result of both displacement and sulphuric acid racemisation. 

By comparison of the rotatory powers of the (+-)tolylhydrobenzoins and triphenyl- 
ethylene glycol, Roger and McKay (loc. cit.) showed that the new asymmetric centres 
arising in the formation of the former glycols had little, if any, influence on their rotatory 
powers. The rotatory powers of (+)triphenylethylene glycol and of (+-)-m- and (+)-p- 
tolylhydrobenzoins were very similar in various solvents. (-+-)-o-Tolylhydrobenzoin was 
more definitely dextrorotatory than these three glycols, but it was not possible to assign 
any definite configurations to the three tolylhydrobenzoins. It is of interest, then, that 
(+-)-o-tolylhydrobenzoin should give rise to a highly dextrorotatory dehydration product. 
If this product is (+)-o-tolyldeoxybenzoin and it is formed by migration of hydrogen 
(scheme IV), then we have some evidence that the new asymmetric centre arising in the 
synthesis of the glycol is really a centre of optical activity. 


EXPERIMENTAL. 
Dehydration of r- and (+)-m-Tolylhydrobenzoins (a-Forms). 


A. r-m-Tolylhydrobenzoin.—(1) With concentrated sulphuric acid. 8 G. of r-m-tolylhydro- 
benzoin (a-form) were triturated with conc. H,SO, (25 c.c.) at —2°. A yellow colour appeared 
which gradually deepened to a greenish-black, and after 4 hr. the mixture was poured into ice— 
H,O and extracted with Et,0. The resulting oil was obtained as a solid (m. p. 60—80°, 2-6 g.) 
by crystn. from light petroleum; after 5 recrystns. from petroleum—EtOH, r-m-/olyldeoxy- 
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benzoin formed needles, m. p. 83—84° (Found: C, 87-9; H, 6-4. C,,H,,O requires C, 88-1; 
H, 63%). All the mother-liquors were evaporated and the united solid had m. p. 60—65°. 
Repeated recrystn. of this solid did not give a pure compound and ultimately the whole of it 
(2-4 g.) was shown by the action of alc. KOH to consist of a mixture of m-tolyldeoxybenzoin and 
m-tolyl diphenylmethy] ketone, the latter preponderating. ; 

(2) With dilute sulphuric acid. 8 G. of glycol were boiled for 3 hr. with dil. H,SO, (30% by 
vol.) and the product worked up as in (1); solid (m. p. 80—84°, 5 g.) separated. After several 
recrystns. from petroleum, pure v-m-tolyldeoxybenzoin, m. p. 83—84°, was obtained. From 
the original liquor, 2-2 g. of oil were obtained which did not yield any solid on keeping or after 
distillation in vac. 

Synthesis of r-m-Tolyldeoxybenzoin.—This was carried out by the following reactions : 
Ph-CHO —-> C,H,-CHPh-OH —-+> C,H,*CHPhCl —- C,H,-CHPh’CN. r-Phenyl-m-tolylaceto- 
nitrile separated from petroleum as large prisms, m. p. 38-5—39° (Found: C, 87:1; H, 6-1. 
C,;H,,N requires C, 86-9; H, 6-3%). 

The Grignard reagent prepared from PhBr (15 g.) was added to an ethereal solution of the 

nitrile (4-3 g.) and heated for 10 hr. After decomp. in the manner described by McK., R., and 
McK. (loc. cit.), a solid was obtained from the acid layer. This, recryst. from petroleum, 
separated in small plates, m. p. 84—85°, identical with the r-m-tolyldeoxybenzoin obtained as 
above. 
Synthesis of m-Tolyl Diphenylmethyl Ketone.—The Grignard reagent prepared from m-bromo- 
toluene (13 g.) was added to diphenylacetonitrile (5 g.) in Et,O, heated for 4 hr., and worked up 
as in the previous synthesis. The solid obtained was recryst. from light petroleum. m-Tolyl 
diphenylmethyl ketone (m-diphenylacetotoluene) separates from petroleum in small plates, m. p. 
97° (Found : C, 88-3; H, 6-5. C,,H,,0 requires C, 88-1; H, 6-3%); mixed m. p. with m-tolyl- 
deoxybenzoin, 63—72°. 

Action of Concentrated Sulphuric Acid on r-m-Tolyldeoxybenzoin.—The ketone (1 g.) was 
triturated with conc. H,SO,. A bright yellow colour developed, and after 4 hr. the mixture was 
treated successively as before with ice, ether, and petroleum. A solid, containing S, separated, 
and on recrystn. from C,H,-EtOH formed large, hard, rectangular prisms, m. p. 173—174° | 
(Found : C, 72-2; H,4:7%). From the original petroleum liquors, solid (0-6 g.) was recovered ; 
after recrystn. from light petroleum this melted at 83—84° and was unchanged m-tolyldeoxy- 
benzoin. 

B. (+)-m-Tolylhydrobenzoin (a-Form).—(1) With dilute sulphuric acid. The (+-)glycol (4-5 g.) 
was boiled for 3 hr. with dil. H,SO, (30% by vol.). After dilution to 400 c.c. with H,O, the mixture 
was worked up as before. The solid (1-7 g.,m. p. 83—84°) which separated from petroleum was 
optically inactive in CHCl, (A = 5893, c = 2-0765, / = 2); this was r-m-tolyldeoxybenzoin. 
The residual oil left after the separation of this solid, however, was optically active ([a];.9, = 
+ 24-6°, c = 1-914, 7 = 2) in CHCl,. When this oil was dissolved in EtOH a small amount of 
solid remained (m. p. 163—165°), which was optically inactive in CHCl, (/ = 2, c = 0-625). 
The oil from which this solid was removed was dissolved in EtOH (c = 1-894, / = 1) and had 
[a] ss93 + 41°5° (an = + 0-79°). The addition of 3 drops of N/2-alc. KOH reduced « to + 0-48° 
after 20 min.; further addition of alkali then caused no further diminution in «. The residual 
activity was probably due to some unchanged glycol. 

(2) With oxalic acid. 2-5 G. of (+)glycol were boiled with molten C,H,O,,2H,O (40 g.) for 
8hr. The product of dehydration was recovered as described by McK., R., and McK. (loc. cit.) 
for p-tolylhydrobenzoin («-form). The solid which separated from the petroleum solution was 
optically inactive in acetone (c = 1-996, / = 2, = 5893), and after one crystn. from petroleum— 
EtOH had m. p. 84—85°, alone or mixed with r-m-tolyldeoxybenzoin. The oil recovered from 
the mother-liquors was dextrorotatory ([«];s93 = + 0°87°, « = + 0-15°, c = 8-645, / = 1) in 
EtOH. This alc. solution was not racemised by a trace of alc. KOH and the small dextro- 
rotation was, therefore, probably due to unchanged glycol. 


Dehydration of r- and (+-)-0-Tolylhydrobenzoins (a-Forms). 


A. r-0-Tolylhydrobenzoin.—(1) With concentrated sulphuric acid. The glycol [8 g., from 
y-benzoin and o-tolylmagnesium bromide (Roger and McKay, /oc. cit.)] was triturated with conc. 
H,SO, (25 c.c.). The initial yellow coloration deepened to a brownish-yellow after 4 hr.; the 
semi-solid which separated when the mixture was poured into H,O was extracted with Et,0. The 
oil from the extract was dissolved in aq. EtOH, and solid, m. p. 44—45°, separated after 4 days 
in the ice-chest ; recrystn. from light petroleum gave large colourless prisms (0-6 g.), m. p. 47—48° 
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(Found: C, 87-8; H, 6-3. C,,H,,O requires C, 88-1; H, 6-3%). This was probably 0-éoly/ 
diphenylmethyl ketone. The residual oil (2-2 g.) could not be induced to crystallise. This expt. 
was repeated 3 times, but only oils were obtained. Alc. KOH scission of one of these oils showed 
that it consisted of a mixture of o-tolyldeoxybenzoin and o-tolyl diphenylmethyl ketone, the 
latter preponderating. 

(2) With dilute sulphuric acid. 10 G. of r-glycol were boiled with conc. H,SO, (30 c.c.) and 
H,O (70 c.c.) for 3hr. After dilution to 450 c.c. with H,O and the usual treatment with Et,O 
followed by petroleum—EtOH, large, hard clumps of solid (m. p. 161—163°, 2-5 g.) separated 
and were recryst. from C,H,-EtOH. Diphenyl-o-tolylacetaldehyde forms large prisms, m. p. 
163—164° [Found: C, 88-0; H, 6-4; M (Rast), 300, 270. C,,H,,O0 requires C, 88-1; H, 63%; 
M, 286]. This compound gave a yellow coloration with conc. H,SO,, and its constitution was 
proved by scission with alc. KOH, diphenyl-o-tolylmethane, m. p. 82—83° (Found: C, 93:3; 
H, 7-2. CygH,, requires C, 93-0; H, 7-0%), being obtained. After removal of the aldehyde, the 
mother-liquors deposited further solid, m. p. 40—60° (1-5 g.). This was recrystallised several 
times from light petroleum—EtOH ; r-o-tolyldeoxybenzoin forms small glistening plates, m. p. 
56—57° (Found: C, 88-2; H, 6-5. C,,H,,O requires C, 88-1; H, 6-3%); it formed no semi- 
carbazone. 

Transformation of Diphenyl-o-tolylacetaldehyde with Concentrated Sulphuric Acid.—0-5 G. of 
the aldehyde was triturated with conc. H,SO, (17 c.c.) for 2} hr. A yellow coloration developed, 
and then the mixture was poured into ice-H,O (300 g.). From the dried Et,O extract an oil 
was obtained which was dissolved in EtOH. After some days large prisms (0-25 g.), m. p. 
45—47°, separated. After further recrystn. the m. p. was 46—47° alone or mixed with o-tolyl 
diphenylmethyl ketone (?) obtained from the dehydration of the glycol with conc. H,SO,. 
The oil remaining 2fter removal of this ketone would not solidify and was a mixture of r-o-tolyl- 
deoxybenzoin and o-tolyl diphenylmethy] ketone. 

Transformation of 0-Tolyldeoxybenzoin.—r-o-Tolyldeoxybenzoin(?) (0-4 g.) was triturated 
with conc. H,SO, for 4 hr. A bright yellow coloration developed which did not change on 
standing. After treatment of the mixture as described for the m-isomeride, 0-1 g. of unchanged 
ketone was obtained. A very small amount of oil was also present but would not crystallise. 
In view of the large loss of material in this expt., it is not possible to state definitely whether 
some transformation had not taken place. 

The synthesis of v-o-tolyldeoxybenzoin was attempted by the reaction of r-phenyl-o-tolyl- 
acetonitrile and MgPhBr, but only unchanged nitrile was obtained. The action of phenyl-o- 
tolylmethylmagnesium chloride on benzonitrile yielded only a complex hydrocarbon, and 
o-tolylmagnesium bromide failed to react with diphenylacetonitrile. 

B. (+)-0-Tolylhydrobenzoin (a-Form).—With dilute sulphuric acid. 6-4 G. of the (+)glycol 
(Roger and McKay, Joc. cit.) were boiled with dil. H,SO, (30% by vol.) for 3 hr.; treatment 
with ice—H,O, Et,O, and petroleum yielded diphenyl-o-tolylacetaldehyde; after recrystn. from 
C,H,-EtOH, it had m. p. 163— 164° and showed no optical activity in CHCl, (c = 2-0185, 7 = 2). 
The mother-liquors from which the crude aldehyde had been separated deposited 1-6 g. of fine 
needles, m. p. 71—78°, which, after several recrystns. from light petroleum, afforded (-+-)-o-¢olyl- 
deoxybenzoin (?), m. p. 79-5—80-5° (Found: C, 88-2; H, 6-4. C,,H,,O requires C, 88-1; H, 
6-3%); in CHCl, [«]3%, +202-5° (c = 2-01, 7 = 2, a%, = + 8-14°), in EtOH, [a], +174° 
(c = 2:02, 1 = 2, a, = + 3-50°). No mutarotation could be observed in this solution. 
When, however, 3 drops of N/2-alc. KOH were added to the foregoing solution, racemisation 


4 6 9 13 17 21 30 58 88 
2-76° 2-39° 1-86° 1-29° 0-93° 0-73° 0-37° 0-07° 0-0° 


From this racemised solution an oil was recovered which was cryst. from aq. EtOH. Needles, 
m. p. 55—56°, separated, identical with the r-o-tolyldeoxybenzoin(?) obtained in the dil. acid 
dehydration of r-o-tolylhydrobenzoin. 


We thank the Carnegie Trust for the help given. 
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89. The Action of Chlorosulphonic Acid on Phenol and p-Cresol at 
Low Temperatures. 


By G. NORMAN BURKHARDT. 


PREVIOUS publications concerned with the action of chlorosulphonic acid on phenol deal 
with the products when the reaction takes place without strong cooling, and usually when it 
is completed by heating (Engelhardt, Z. Chem., 1869, 297; Mazurowska, J. pr. Chem., 1876, 
13, 169; Klason, zbid., 1879, 19, 236). The reaction was considered to be analogous to 
the action on aliphatic alcohols, but the products described were undoubtedly sulphonates 
and not aryl sulphates. Haworth, Lapworth, and Wilson (J., 1924, 125, 1300) showed 
that when chlorosulphonic acid acted on m-cresol at low temperatures some tolylsulphuric 
acid was formed. 

It has now been shown that when chlorosulphonic acid is added to phenol in carbon 
disulphide at — 15°, phenylsulphuric acid and phenol-f-sulphonic acid are formed. No 
phenol-o-sulphonic acid was detected. Slow addition of the chlorosulphonic acid or long 
periods for reaction favoured the production of sulphonate. Under the conditions which 
gave most phenylsulphuric acid, the mixed barium salts obtained on extraction corre- 
sponded to 75% of the phenol used and contained 50% of barium phenylsulphate which 
could be separated from the barium phenol-f-sulphonate by precipitating the latter as 
the basic barium salt. From this the normal sulphonate was regenerated by the action 
of carbon dioxide. 

Under similar conditions #-cresol gave a product (80% yield based on cresol) contain- 
ing more than 90% of #-tolylsulphate, as was to be anticipated from the fact that phenol- 
o-sulphonic acid was not detected among the products obtained from phenol. 


EXPERIMENTAL. 


Experiment 6.—C1‘SO3H (31 g. = 1-25 mol.) was added during 20 min. to Ph-OH (20 g. = 
1 mol.) in CS, (100 g.) cooled to — 15° and stirred. After 2-5 hrs.’ stirring, the CS, was 
decanted (it contained nearly all the HCl which remained but gave no appreciable residue of 
Ph-OH on evaporation) and the acid layer was poured on ice, neutralised with BaCO, and 
filtered. The residue (A) was washed well with H,O, and the filtrate (after extraction with 
CHCl,) and washings were evaporated together under reduced press. until no more Ph-OH 
came over (distillate B). The conc. solution on boiling for 1 hr. with dil. HCl in presence of 
BaCl, gave BaSO, (23-7 g.) corresponding to the barium phenylsulphate. The Ph-OH 
unattacked by Cl‘SO;H was estimated as tribromophenol in the distillate B and the CHCl, 
extract. The BaSQ, in the residue (A) was isolated after prolonged extraction with hot dil. 
HCl (11-5 g. = Cl-SO;H which had not attacked Ph-OH). These wts. indicate that the product 
contained approx. equimol. proportions of phenylsulphuric and phenolsulphonic acids. 

Further Experiments.—The Cl-SO3;H was added in (1) 1 hr., (2) 0-5 hr., (3) 2-5 hr. and the 
extraction liquors were poured on ice (1) immediately, (2) after 12 hr., (3) immediately. Frac- 
tions of the cryst. Ba salts from the extractions were examined microscopically before and 
after decomp. of the Ba(Ph-SO,), which was brought about by heating the moist solid in a 
steam-oven for a few min. None of the characteristic barium phenol-o-sulphonate was 
observed, and the proportion of phenol-p-sulphonate was higher in (2) and (3) than in the 
otherexpts. The products obtained under the conditions used in Expt. 6 were also fractionated 
and examined as K and Ba salts. When the Cl‘SO,H was added in less than 20 min. the CS, 
was appreciably attacked. 

Salts of the phenolsulphonic acids (Obermiller, Ber., 1907, 40, 3623) and phenylsulphuric 
acid (Burkhardt and Lapworth, J., 1926, 684) were prepared for comparison. The sulphonates 
are not significantly hydrolysed by dil. HCl in 1 hr. (in 24 hr. 20% HCl hydrolyses 59% of o- 
and 5% of p-isomeride; Obermiller, Joc. cit.) The solubilities and microcryst. structures 
particularly of the Ba salts are characteristically different : barium phenol-o-sulphonate, rosettes 
of rhombohedral flakes with angles 110° and 70°; p-sulphonate, feathery needles; potassium 
phenol-o-sulphonate, needles or elongated hexagons having apex angles 120°; -sulphonate, 
elongated hexagons, apex angles 73°. 

Separation of the Products.—The cold aq. extract from a reaction as in Expt. 6 was shaken 
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with finely ground Ba(OH),,8H,O (100 g.) until it was alk. throughout, and then heated to 
complete the formation of basic Ba(O-C,H,-SO;). After cooling, filtration gave a solution con- 
taining Ba(Ph-SO,), with excess hydroxide and traces of chloride and sulphonate, and a residue 
containing excess hydroxide, BaSO,, and the basic sulphonate, from which the normal 
sulphonate was regenerated by suspension in water, passage of CO,, filtration, and crystn. 

Action on p-Cresol.—Cl-SO,H (20 g.) was added during 20 min. to p-cresol (15 g.) in CHCl, 
(70 g.) cooled to — 10° and stirred mechanically. The whole was then run into ice-cold KOH 
aq. (20 g. in 150 c.c.), shaken until alk., warmed to complete solution, and the CHCl, layer 
separated. The aq. solution deposited potassium p-tolylsulphate (20 g.) on cooling; 2 g. were 
obtained by further evaporation, accounting for 11g. of p-cresol. Ether extraction of the acidified 
liquor gave 1-5 g. of p-cresol and on evaporation of the aq. solution to dryness and extraction 
with EtOH, 2 g. of solid were isolated containing -cresol (0-5 g.) and cresolsulphonate (1-5 g.), 
leaving 1 g. of cresol unaccounted for, i.e., 5% of cresol was sulphonated and 75% converted 
into p-tolylsulphuric acid. 


THE UNIVERSITY, MANCHESTER. [Received, February 11th, 1933.] 





90. The Behaviour of Surface Films of Unsaturated Compounds, 
By ARTHUR H. HUuGHEs. 


THE early experiments of Langmuir (J. Amer. Chem. Soc., 1917, 39, 1848) led him to 
conclude from the force-area curves of oleic acid on a water surface that both the central 
double bond and the terminal carboxyl group remained in the aqueous surface on com- 
pression of the film, the dipole system of the double bond having a greater adhesion to the 
water than has the non-polar hydrocarbon chain. 

Labrouste’s discovery (Ann. Physique, 1920, 14, 164) of the phenomenon of film expansion 
with increase of temperature led to the recognition of the two types of film, condensed and 
expanded. From the force—area characteristics of oleic acid films, Adam (Proc. Roy. Soc., 
1922, A, 101, 516) concluded that at ordinary temperatures they were of the liquid ex- 
panded type, similar to that of an expanded film of myristic acid, with a limiting area of 
about 55 A.2 per mol., the polar carboxyl heads being attached to the water surface and 
the chains being in violent thermal agitation. Adam and Jessop (ibid., 1926, A, 112, 362) 
further noticed a marked expansion of the film of oleic acid on solutions of potassium 
permanganate at 0-85% concentration or greater, the force—area curves showing that the 
limiting area of the film was now certainly greater than 100 A.2 per mol. They concluded 
that the film was now gaseous in character, and that the molecule was attached to the 
water surface both by the carboxyl head and by the double bond, now strongly anchored to 
the surface. In general, they found that films formed of molecules with two widely 
separated points of attachment were of this gaseous type. 

Whilst Langmuir’s original suggestion does not appear tenable in the light of the work of 
Labrouste and Adam, yet it is clear that the double bond does exert a very marked influence 
on the character of the film. Not only does oleic acid give a more highly expanded film than 
does myristic acid with four less carbon atoms, under the same conditions (limiting area ca. 
45 A.2 per mol.), but it gives a totally different type of film from that of stearic acid, the 
corresponding saturated acid, which gives a condensed film with much smaller areas 
per mol. (ca. 25—20 A.2). 

The method of surface potentials (Schulman and Rideal, ibid., 1931, A, 130, 259) 
permits us to investigate in some detail the polarity of the various portions of the molecules 
forming the unimolecular film, and to observe any changes in orientation occurring therein. 
This method has been applied in conjunction with force-area measurements to a study 
of various types of unsaturated long-chain aliphatic compounds of special interest (see 
Table I). 

The behaviour of a conjugated double-bond system in a long-chain molecule has been 
studied for «- and 8-elzostearic acids and for their addition compounds with maleic 
anhydride. 





Surface Films of Unsaturated Compounds, 


TABLE I. 


Acid. Structure. M. p. 
Oleic CH,*[CH,],“CH:CH:[CH,] ,-CO,H 11° 
cis-Petroselinic CH,*(CH,],9*°CH:CH*[CH,],-CO,H 30 
A*-isoOleic CH,°(CH,] ua°CH:CH-CO,H 59 


H=CH 

Chaulmoogric SCH-[CH,],.°CO,H 68 
CH,-CH,7 

Stearolic CH;"[CH,],°CiC-[CH,],CO,H 48 


EXPERIMENTAL. 

Oleic, cis-Petroselinic, and A*-isoOleic Acids——A comparison of the unimolecular films of 
these three acids on aq. solutions is of interest in illustration of the effect of a double bond in 
different positions along a hydrocarbon chain on the properties of the mol. In Fig. 1 the 
change in air—liquid P.D. (AV), due to the presence of a unimolecular film, is plotted against n, 
the number of mols. per sq. cm., for the three acids concerned. The corresponding surface— 
press. values are plotted in Fig. 2. 


Fie. 1. Fic. 2. 





Surface potentials. 
MIN. ~ - | Surface pressures. 


1. Myristic acid ° 
LObesed N/100-HC1. 15° 
3. etroselinic acid. 
4. Chaulmoogric acid. . ; / 


5. A~P- jso-oleic acid. f, 














S 








S 


e 


a 


F, dynes/cm. 


S 








£ 
~~ 
S 
2 
= 
S 
x 
qd 


S 























da 


o tse 7 2 4 5 
7, mols. /sg.cm.x 10° n, mols./sg.cm.x 104 























Oleic and petroselinic acids both form liquid expanded films on dil. acid solutions with 
limiting areas of transition to a vapour film at 55 and 52 A. per mol. respectively; the curves 
for myristic acid are included for comparison in Figs. 1 and 2. Oleic and petroselinic acids do 
not form a condensed film under these conditions, the films collapsing at about 30 A.? per mol. 
On compression, an approx. linear AV-n graph is obtained. The values of the total vertical 
component of the electric moment per mol. (uz), calc. from the Helmholtz equation AV = 4rnuy, 
are given in Table II for the various acids. 


TABLE II. 
Area per px 10?, Area per p X 10", 
Acid. State. mol.,A.2.  es.u. Acid. State. mol.,A2. e.s.u. 
Myristic Expanded 45:0 1°8 At-isoOleic Liquid : . 
Oleic . 55:0 2-1 a 26°4 42 
Petroselinic a 52-0 21 Stearolic Vapour \ 80-0 3-6 
Chaulmoogric - 50°0 2°5 expanded 


At the limit of the expanded state the value of py = 2-1 x 107% e.s.u. is very nearly the same 
for oleic and petroselinic acids, but is, however, rather larger than that for myristic acid in the 
same state, viz., 1-8 x 10-8 e.s.u. The contribution of the double bond to the vertical com- 
ponent of the dipole moment of the mol. seems thus to be small in comparison with that of the 
polar head, but is not negligible; and further, the contribution is in the same sense as that of 
the carboxyl group, viz., positive above, negative below. 
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At the highest compression with an area per mol. of about 30 A.?, when there are presumably 
on the average very few double bonds in the surface, it will be seen that AV approaches the 
value of 260 mv. obtained for myristic acid, implying that the electric moment of the double 
bond when removed from the water surface is very small. 

The behaviour of isooleic acid is in striking contrast to that of oleic or petroselinic acid. As 
shown by Adam (Proc. Roy. Soc., 1922, A, 101, 452), the force—area characteristics of this acid 
are those of a liquid condensed film with a limiting area of 28-7 A.2 per mol. The surface—press. 
curve was repeated in the present work (Fig. 2) and the limiting area obtained is rather smaller, 
viz., 26-4A.* per mol. The latter value agrees with the point on the surface—potential curve 
(Fig. 1) at which the film becomes uniform in potential all over the surface. At larger areas the 
film is composed of large islands of the condensed film in equilibrium with the vapour film which 
gives a very small surface potential. 

The main significance of the surface—potential curve of isooleic acid lies in the very large 
values of AV. The value of the electric moment per mol. (u) at 26 A.? is approx. twice that of 
oleic or petroselinic acid in the expanded state, as shown in Table II. 

The close proximity of the double bond to the strong dipole system of the carboxyl head 
has clearly caused a marked distortion of the former, resulting in a dipole moment in the sense 
indicated : 


: fe Ms 
cHY. NCC _ 
O 


Closer examination of the surface—press. and surface—potential curves shows that there is a 
definite change in each case at about 23 A.? per mol., resulting in a decrease of electric moment 
per mol., which is probably associated with a change in orientation of the double bond on 
compression of the film. 

Chaulmoogric Acid.—This acid, although not an isomeride of oleic acid, was examined as 
presenting two points of interest, the double bond being (i) in a ring system, and (ii) remote from 
the terminal carboxyl group. It might be expected that the adhesion of the double bond would 
be sufficient in this case to make the molecule lie flat on the surface. Actually this does not 
occur, as may be seen from the surface—potential and surface--press. characteristics (Figs. 1 and 2), 
for a film spread on N/100-HCl or -H,SO,. An expanded film is obtained with a limiting area 
of transition to the vapour at 50 A.? per mol. The film is very unstable and collapses at about 
33 A.2 per mol. at 7 dynes/cm., a much lower press. than that for oleic or petroselinic acid. 
Examination of the surface potentials shows that the film is uniform over the range 50—33 A.? 
per mol. The corresponding value of the vertical component of the electric moment per mol. 
(u) is 2-5 x 10-?* e.s.u., which is considerably larger than that for oleic or petroselinic acid under 
the same conditions, and indicates that the double bond here present in a 5-membered ring is 
definitely more polar than when occurring in a straight chain (cf. Table II). 

The range of existence of the expanded film, 50—33 A.? per mol., precludes the possibility 
that the 5-membered ring, and thus the double bond, of all the molecules can be in the surface 
throughout the compression. The area found by Adam for a simple p-substituted benzene ring 
was 24A.2 in the surface film; the area of a 5-membered ring under the same conditions is 
probably, therefore, about 20 A.?, which, together with the area of 20 A.2 for a carboxyl group, 
gives a min. area of 40 A.? for chaulmoogric acid if oriented with the double bond and the 
terminal carboxyl group both in the surface. It is difficult to draw any clear picture as to the 
structure of the film in this case. 

Stearolic Acid.—The effect of a triple bond on the properties of a long-chain molecule was 
examined with reference to stearolic acid. The surface—press. and surface—potential curves are 
shown in Fig. 3. This acid forms a vapour expanded film and is uniform at the largest areas 
per mol. investigated, viz., 300 A.2, whereas oleic acid is an expanded film with a limiting area 
of 55 A. per mol. 

The AV- curve remains linear down to 80 A.2, the electric moment per mol. being const. 
over this range at 3-6 x 10-%e.s.u. At 80—75 A.2 a break occurs in the graph, and a second 
straight line of smaller slope is maintained down to film collapse (30 A.? per mol. at 260 mv.). 
The surface—press. curve shows a large decrease of compressibility at about 80 A.2 per mol. 

The molecular mechanism involved in compression of a film of stearolic acid would appear to 
be as follows. In the most expanded state the molecules are lying flat in the surface and move 
about independently. On compression, the first portion of the molecule to leave the surface is 
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the non-polar hydrocarbon chain CH,*[CH,], remote from the carboxyl group, which can slip 
over a neighbouring molecule. This needs only a relatively small surface press. of at most 
2 dynes/cm., and results in no change of electric moment per mol. until a mean mol. area of 
80 A.2 is reached. Further compression results in the gradual removal of triple bonds from the 
surface. The surface press. increases more rapidly and the mean electric moment per mol. 
decreases. At the highest compressions the film is very similar to that of oleic acid, the surface 
potential of the latter being 256 mv. at 30 A.?. 

Three main facts emerge from a comparison of oleic and stearolic acids. First, a triple 
bond lying in the aq. surface has a much higher dipole moment than a double bond, the values 
for stearolic and oleic acids in their most extended states being 3-6 x 10-!¥%and 2-1 x 10-%e.s.u. 
per mol., of which 1-8 x 10-! e.s.u. may be ascribed to the carboxyl group. Secondly, the 
triple bond has a correspondingly larger adhesion to the aq. solution than the double bond, i.e., 
a much greater tendency to expand the film and to cause the molecules to lie flat in the surface. 
Finally, on compression, when the triple bonds are largely removed from the surface, the triple 
bond, as also the double bond, has only a small contribution to the total vertical component of 


the electric moment per mol. 


Fic. 3. Fic. 4. 








300 - - - : - 
Stearolic acid. N/N00-HCL. 15° Surface potentials -and B-eleostearic acids. 20° 

A Surface potentials (AV). ANi00- Hel or 1yS0,, “oxidise a ye il 
B. Surface pressures (F). B.a-acid, N/00 HC1+0.12% quinol. / 
C.B-acid, \% ” Fs Collapse 
= 2 


Z 


4 / jee Cops 
po 


ZA 





iS 
wo/sauhp'y 


MY, millivolts. 


8 





Ss 





= 





AV, millivolts. 


™— 
8 
Ss 


YY 


ie 
wa VY = A? per molecule 
100 50 


4 10 20 “s 
7, mols./sg.cm.x 10". 






































i . 
n, mols. /sq.cm.x 10 


It is of interest that from 75 to 33 A.? per mol. the relation between AV and » for stearolic 
acid is still linear, although not passing through the origin. We may therefore write AV = 
Kn + K, or AV /4nn = p = K,/4n + K,/4nn, K, and K,beingconst. Since 1/n is proportional 
to A, the mean area per mol., we find that » = a + bA, aand b being constants, or the decrease 
of the total vertical component per mol., n, due to expulsion of the triple bonds from the surface 
is proportional to the mean area per mol. 

In conclusion, it is instructive to compare the behaviour of oleic and stearolic acids with that 
of stearic acid, the corresponding saturated acid, on dil. acid at room temp. Stearic acid gives 
a close-packed liquid condensed film with limiting area of 25 A.? per mol., oleic acid an expanded 
film with limiting area of 55 A.* per mol., while stearolic acid gives a vapour expanded film with 
no limiting area. We may thus place the systems -CH,°CH,:, -CH:CH:, and -CiC- in that order 
of increasing adhesion for H,O. 

Systems with Conjugated Double Bonds.—a- and $-El@ostearic acids. The recent work of 
Morrell and Samuels (J., 1932, 2251) has confirmed the accepted formule for these two acids : 
they are respectively the complete cis- and trvans-modifications of the conjugated system 
CH,-[(CH,],-CH:CH-CH:CH-CH‘:CH-[CH,],"CO,H. C,H, was used as solvent in spreading the 
films. 

On dil. acid solutions, both the «- and the B-acid spread to a unimolecular film whose 
properties change with time. The surface—potential curve of the film rises over a period of 
about 15 min., rapidly at first and then more slowly to a final steady value represented by points 
on curve A (Fig. 4). The initial values of the surface potential approximate to curve B (Fig. 4). 
Both these acids are known to undergo oxidation on exposure toair. It is reasonable, therefore, 
to connect this observed rise in potential, and its implicit increase in molecular dipole moment 
of the film, with an atmospheric oxidation of «- or B-elzostearic acid. The product, provisionally 
termed ‘‘ oxidised elzostearic acid,’’ appears to be identical in its film characteristics whether 
derived from the «- or the B-acid. The oxidised acid forms a stable film with a limiting 
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area of about 125 A.2per mol. At larger areas, fluctuations in potential are observed over the 
surface, showing that the film isnon-uniform. This limiting area corresponds closely with the 
area to be expected for the mol. lying flat in the surface. 

The vertical component of the electric moment per mol. remains const. and high, p = 8-0 x 
10-1 e.s.u., over a short range of compression from 125 to 100 A.? per mol. On further com- 
pression, the surface potential reaches a max. and then falls to a value of ca. 255 mv. at 30 A? 
per mol. 

The relation between » and A is of the same form as that for stearolic acid,  decreas- 
ing uniformly as the oxidised double-bond system is removed from the surface by com- 
pression of the film. The range 125—100 A.* over which yp is const. presumably corresponds to 
the removal from the surface of the non-polar CH,:(CH,),* hydrocarbon chain remote from the 
terminal carboxyl group. The final value of yp at film collapse is very close to that for stearolic, 
oleic, and petroselinic acids, indicating that the oxidised double-bond system, when removed 
from the surface, has little contribution to the total vertical component of the electric moment 
per mol. 

Some conclusions may be drawn as to the nature of the oxidation product. It has been 
shown that the electric moment per mol. of the oxidised «- or B-acid is 8-0 x 10-?® e.s.u. in its 
most expanded state, i.e., when lying flat in the surface. Of this, one may assume that approx. 
2-0 x 10-* e.s.u. is due to the terminal carboxyl group, leaving 6-0 x 10- e.s.u. for the 
oxidised double-bond system. If, therefore, oxidation is due to the addition of OH groups 
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across one or more double bonds, it is probable that two of the double bonds have been oxidised, 
but certainly not all three, the electric moment of a hydroxyl group in a long-chain alcohol 
being 2-0 x 10°" e.s.u. in the expanded state, while unpublished work on the oxidation of a 
film of oleic acid indicates that the value of » for two adjacent hydroxyl groups is 3-0 x 10°” 
e.s.u. 

Further, on compression of the oxidised film, the first decrease in p occurs at 100 A.? per 
mol. This must be due to the removal from the surface of some polar portion of the molecule, 
and the area corresponds to 18 x 100/125, i.e., 14 carbon atoms lying in the surface, 125 A? 
being taken as the area occupied by the whole molecule lying flat. Thus the oxidation concerns, 
at any rate, the double bond in the molecule remote from the terminal carboxyl group, and 
either. of the following structures may be tentatively assigned to the oxidation product : 


(1) CH,*[CH,],-[(CH(OH)),-CH:CH-[CH,],°CO,H ; 
(2) CH,*[CH,],°[(CH(OH)),-CH:CH:-[CH(OH)],*[CH,],°CO,H. 

In order to examine more closely the nature of the observed initial rise in potential with 
time, the acids were spread on N/100-HCl containing quinol. The values of AV, with a concn. 
of 0-12% quinol in the underlying solution, are perfectly steady with time, but whereas for the 
a-acid (Fig. 4, B) the film thus obtained has the characteristics to be expected for the unoxidised 
unsaturated acid, and is comparable to that of oleic acid, yet for the B-acid the film in the 
presence of quinol has a higher surface potential than has the a-acid and only approximates to 
uniformity in potential (+ 15 mv.) over the range 50—35 A.* per mol. (Fig. 4,C). This is the only 
difference so far observed between the unimolecular films of the cis- and the tvans-form of 
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eleostearic acid. The behaviour of the B-acid may be due to the formation of an unstable 
addition product with the quinol, which cannot be formed with the «-acid. 

The action of quinol as an antioxygen is dependent on its concn. in the underlying solution : 
with 0-001%, autoxidation proceeds unchanged, while at 0-01% its rate is approximately 
halved. 

The surface—press. curves for oxidised «- or B-elewostearic acids are shown in Fig. 5 (A) and 
are of an unusual type. The compressibility increases markedly below about 90 A.? per mol. 
and only decreases again at areas below about 40 A.2 per mol. It appears that the removal of 
the polar oxidised double-bond system from the surface is assisted by those already removed, 
due to their strong mutual cohesion. 

The Maleic Anhydride Addition Compounds of a- and 8-Ela@ostearic Acids These com- 
pounds, recently isolated by Morrell and Samuels (/oc. cit.), have been assigned the structures 
(I) and (II), corresponding to the compounds derived from the «- and the f-acid respectively ; 
for convenience they are referred to as A and B. 


CH,*[CH,],°CH-CH=CH-CH-CH=CH-[CH,],"CO,H 
(I.) ae . 
S CO CH,'[CH,],°CH=CH-CH-CH=CH-CH-[CH,],,CO,H 
ie 0 sf (II.) CH————_CH 


CO CO 


No 


Films of these two substances spread (from solution in C,H.) on dil. acid showed a very 
similar behaviour on compression from large areas down to 100 A. per mol., the films being 
uniform up to at least 500 A.2. On further compression, a remarkable change is apparent in 
the characteristics of the film, and this change is very different for the two derivatives (Fig. 6; 
1, 2). For compound A the surface potential of the film fal/s from 280 mv. to 80 mv. on com- 
pression from 80 to 30 A.? per mol.; for compound B, it rises from 260 mv. to 285 mv. The only 
difference in the structures of these two derivatives, as far as the unimolecular film is concerned, 
lies in the position of the double bond outside the ring. The results obtained for A*8-isooleic 
acid (p. 340) indicate a very marked increase in the polarity of the double bond due to the 
proximity of the carboxyl group, in the sense that there is an electron displacement from the 
§- to the «-carbon atom. In the present case, if one traces the polarity which would be induced 
in the 5 : 6-double bond for (I), and in the 1 : 2-double bond for (II), due to the polarity of the 
neighbouring maleic anhydride residue, it is seen that the polarity will be the same in magnitude 
but opposite in direction along the chain, thus : 


Compound A. CH,'[CH,],°CH-CH=CH-CH-CH-CH- (CH, ],CO,H 
a 


C +C 
oF “age No- 


Compound B. CH,"[CH,],°CH=CH-CH-CH=CH-CH-[CH, ],"CO,H 
- CH————CH 
Ze C 
0 


On compression of the film from the state where the molecules are lying flat in the surface 
to that where the terminal carboxy] groups alone remain in the surface, it follows that the moment 
of the 5 : 6-double bond in (I) is == when it is removed from the surface and tending to vertical 
orientation. This will oppose the + vertical component of the carboxyl group and tend to 
decrease the total vertical component of the electric moment per mol. much more than in (II), 
where the electric moment of the 1 : 2-double bond is now in the same sense as that of the 
carboxyl group on compression of the film. This affords at least a qual. explanation of the obs. 
differences between the two compounds. 
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The surface—press. curves of the two compounds are shown in Fig. 5 (B, C) and bear general 
similarity to those of the eleostearic acids, but are more expanded. Compression from large 
areas down to about 100 A.? per mol., as for the AV-» curves, follows the same course for both 
compounds. For (II) the compressibility increases enormously at this point with a surface 
pressure of some 74 dynes/cm. For (I), however, the increase in compressibility is not noticed 
until a press. of nearly 12 dynes/cm. is reached, and the film only collapses at about 26 dynes/cm., 
as compared with 12 dynes/cm. for (II). These differences in compressibility are difficult to 
account for unless they are due to the fact that compression of (I) involves raising the bulky 
anhydride residue by a distance of two carbon atoms further from the surface than in the case 
of (II). 

SUMMARY. 


(1) A study has been made of the effect of various types of unsaturation on the be- 
haviour of long-chain aliphatic molecules as unimolecular films on aqueous solutions. The 
films were examined by the methods of surface pressure and of surface potentials. 

(2) In the series oleic, petroselinic, and A-sooleic acids it is shown that the dipole 
system of the double bond has a marked adhesion for the aqueous surface as compared with 
a saturated hydrocarbon chain. The dipole moment of the double bond is much larger 
when the latter is adjacent to a carboxyl group than when it is separated therefrom by 
several CH, groups. The double bond present in a five-membered ring, as in chaulmoogric 
acid, is shown also to have a larger dipole moment than when present in a straight hydro- 
carbon chain. 

(3) A triple bond has a greater dipole moment than a double bond; the adhesion to the 
aqueous surface is correspondingly greater for stearolic than for oleic acid. 

(4) The behaviour of a conjugated double-bond system has been examined in «- and 
B-eleostearic acids and their maleic anhydride compounds. Both the «- and the B-acid 
undergo autoxidation in the unimolecular film. The autoxidation is completely inhibited 
by the presence of 0-12°% quinol in the underlying solution. 


Thanks are due to Professor T. P. Hilditch for a specimen of cis-petroselinic acid, to Dr. 
N. K. Adam for a specimen of A*-isooleic acid, and to Mr. H. Eyde for a specimen of chaul- 
moogric acid. The author is especially indebted to Dr. Morrell for the provision of samples of 
a- and B-elzostearic acids and of their maleic anhydride compounds. 


[Received, February 2nd, 1933.] 





91. The Nitration of Chalkone. 


By R. J. W. Le Févre, P. J. MARKHAM, and J. PEARSON. 


GOLDSCHMIDT (Ber., 1895, 28, 986), without giving experimental details or analyses, claimed 
to have isolated, by the interaction of mixed acids and chalkone, o-nitrobenzylidene- 
acetophenone as a yellow oil and another nitro-compound, m. p. 159°. Since in our 
experience the o-nitro-compound has always appeared as a crystalline solid, m. p. 124°, 
and the #-nitrochalkone as a solid, m. p. 164°, Goldschmidt’s experiments were repeated. 

Essentially similar preparations were obtained when either mixed acids (as specified 
by Goldschmidt), potassium nitrate and excess of sulphuric acid, or fuming nitric acid 
alone was used. Goldschmidt’s yellow oil was seen to be a mixture of nitration and 
oxidation products: it gave a very small yield of 2-phenylquinoline dichromate on re- 
duction and therefore contained only a trace of the o-nitro-compound. The nitration of 
chalkone by fuming nitric acid at a low temperature produced the nitro-derivative (I) in 
almost quantitative yield, scarcely any yellow oil being formed. 

The (total) solid nitrochalkone obtained by Goldschmidt’s procedure usually melted 
well above 159°; after purification it had m. p. 204—205°. It was a dinitrochalkone, 
gave p-nitrobenzoic acid on oxidation with alkaline potassium permanganate, and was 
also obtained by the nitration of either 3’- or 4-nitrochalkone. 
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The compound (I) is therefore 3’ : 4-dinitrochalkone : we have also obtained it by 
the condensation of -nitrobenzaldehyde and m-nitroacetophenone (Dilthey, Neuhaus, 
Reis, and Schommer, J. pr. Chem., 1930, 124, 81, record m. p. about 225°). 

We have roughly observed that, as the temperature of nitration of chalkone is 
reduced, the yield of 3’ : 4-dinitrochalkone increases, reaching ca. 100% at — 15°. Aceto- 
phenone similarly gives the highest yield of its m-nitro-derivative at a low temperature (cf. 
also propiophenone ; Commanducci and Pescitelli, Gazzetta, 1906, 36, ii, 789). 

Mono-/-nitration of benzylideneacetone alone occurs even when a considerable molecular 
excess of nitric acid is employed (cf. Baeyer and Drewson, Ber., 1882, 15, 2859). 





EXPERIMENTAL. 


Dinitration of Chalkone.—(a) Attempted repetition of Goldschmidt’s experiment. Chalkone 
(5 g.) was dissolved in a mixture of HNO, (d 1-42; 30 c.c.) and H,SO, (30 c.c.) at — 7°, the 
solution poured on ice, and after 24 hr. the solid was collected, stirred with Et,O (200 c.c.), and 
recrystallised four times from AcOH, 3’: 4-dinitrochalkone being obtained as light yellow 
needles, m. p. 204—205°. 

Goldschmidt’s yellow oil, isolated from the ethereal extract, was reduced in boiling EtOH 
(150 c.c.) and conc. HCl (10 c.c.) with Fe filings (8 g.), the filtered solution diluted to 300 c.c. 
with H,O and made alkaline with NH, aq., and the pptd. solid dried, boiled with EtOH-norit 
for 10 min., and repptd. by excess of K,Cr,O, aq. as 2-phenylquinoline dichromate (0-5 g.), 
m. p. 135—140° (mixed with authentic material, m. p. 137—145°). 

(b) Nitration with fuming nitric acid. Chalkone (5 g.) was dissolved in HNO, (d 1-5; 55 c.c.) 
at — 15° and at once poured on ice. Treatment as described under (a) produced 4-5 g., m. p. 
204—205° after four crystns. (Found: N, 9-5. Calc. for C,;H,;s0;N,: N, 9-4%). 

(c) Nitration in excess of sulphuric acid. Chalkone (10 g.), dissolved in H,SO, (100 c.c.), 
was treated below 0° with KNO, (10 g.) in H,SO, (50 c.c.). After 3 hr., by the procedure 
described under (a), 10 g. of a pale yellow powder were obtained which gave 3’ : 4-dinitrochalkone 
on recrystn. 

Mononitration of Chalkone.—(a) Chalkone in AcOH at 100° was unaffected by the calc. 
quantity of HNO, (d 1-5). 

(b) To a solution of chalkone (5 g.) in H,SO, (50 c.c.) was added KNO, (2-5 g.) in H,SO, 
(5 c.c.), the temp. being kept at — 10° for 1} hr.; the solution was then poured on ice. The 
solid obtained (5-6 g.) had m. p. 136—138°, and m. p. 153—157° (raised slightly by admixture 
with authentic 4-nitrochalkone) after crystn. from AcOH-H,O. 

4-Niirochalkone.—Into a mixture of acetophenone (1-6 g.) and p-nitrobenzaldehyde (2 g.), 
made liquid at 15° with sufficient Ac,O, dry HCl was passed for 2-5 hr. After 24 hr., by freezing 
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and pressing on tile, 4-nitrochalkone was obtained, m. p. 163—164° after crystn. from AcOH 
aq. (Sorge, Ber., 1902, 35, 1067, gives 164°). Yield, 2-9 g. 

3’-Nitrochalkone.—To benzaldehyde (2-2 g.) and m-nitroacetophenone (3-4 g.), dissolved 
in the minimal quantity of abs. MeOH, NaOMe (from 1 g. Na and 10 c.c. MeOH) was added. 
After 15 min. the white ppt. was collected, washed with MeOH (yield, 1-7 g.), and crystallised 
from AcOH aq.; m. p. 131°. 

Nitration of 4- and 3’-Nitrochalkone.—HNO, (d 1-5; 20 c.c.) at — 10° converted 4-nitro- 
chalkone (0-5 g.) into a product, m. p. ca. 160°, and 203—204° after four crystns. from AcOH 
aq. 

‘-Nitrochalkone (0-5 g.) was converted by HNO, (d 1-5; 10 c.c.) at 0° into 3’ : 4-dinitro- 
chalkone, m. p. 203—204° (alone or mixed with authentic material) after one crystn. 

3’ : 4-Dinitrochalkone.—p-Nitrobenzaldehyde (1-5 g.) and m-nitroacetophenone (1°6 g.), 
condensed in abs. MeOH by means of NaOMe (from 1 g. Na and 8 c.c. MeOH), gave a product 
(1-4 g.), m. p. 193—194°; this could not be raised above 203—204° by repeated crystn. from 
AcOH aq. 

Nitration of Benzylideneacetone.—This compound (1 g.) was converted by a mixture of 
H,SO, (20 c.c.) and HNO, (20 c.c.; d 1-5) below — 15° into p-nitrobenzylideneacetone, m. p. 
109—110°. Oxidation of the product by alkaline KMnO, gave p-nitrobenzoic acid, m. p. 
(crude) 236—238°. 


UNIVERSITY COLLEGE, UNIVERSITY OF LONDON. (Received, February 2nd, 1933.] 





92. Higher Aliphatic Compounds. Part III. The Preparation of 
Paraffins. 


By (Miss) P. C, Carey and J. C. SMITH. 


METHODS hitherto available for the preparation of paraffins from the halides have been 
unsatisfactory. For example, that of Levene, West, and van der Scheer (J. Biol. Chem., 
1915, 20, 523) involves a lengthy reduction of the iodide in acetic—hydrochloric acid sus- 
pension with zinc dust. The reaction is slow and often incomplete, because (a) little of 
the iodide is in solution and (b) the unreactive alkyl chloride may be formed by double 
decomposition. 

The three methods now recommended give good yields of the pure products and make 
the paraffins easily available. 


Method (i).—To a boiling solution of cetyl (hexadecyl) iodide (m. p. 22°) (11 g.) in AcOH 
(250 c.c.), Zn dust was added in 3 portions during 3 hr. The liquid was decanted from the 
unchanged Zn, ice-water (150 c.c.) added, and the cetane collected and washed. It was free 
from iodine. Yield (dry), 6-7 g. (95%); m. p. 17°. Pure cetyl iodide (f. p. 23-3°) (22 g.) was 
similarly reduced, and the product washed with H,O, NaOH aq., and H,O, and dried in a 
desiccator. Yield, 13 g. (92%); f. p. 17-85°, m. p. 17-98°, showing the absence of by-products. 
Cryst. twice from PreOH-—MeOH and 3 times from acetone, it had const. f. p. 18-10°, m. p. 
18-13°, identical with the values for cetane from spermaceti (Part II; J., 1932, 740). 

Propionic acid can be used instead of AcOH, and would be the better solvent for iodides 
of high mol. wt. 

A solution of cetyl bromide (14-5 g.) in AcOH (250 c.c.) was boiled for 10 hr. with frequent 
additions of Zn dust. The product contained Br, 7-8% (Calc. for C,,H;,Br: Br, 26%). 

Cetyl chloride was mostly unchanged after 20 hr. 

Octadecane.—A boiling solution of pure octadecyl iodide (5-7 g.) (m. p. 32-94°) in AcOH 
(150 c.c.) was reduced with Zn for 4-5 hr., and the product washed free from iodide and dried 
for 2 days in a desiccator. Yield, 3-7 g. (97%) of octadecane, f. p. 27-5°, m. p. 27-7°. Cryst. 
from pure acetone, it had f. p. 27-5°, m. p. 27-6° (transparent form), m. p. 28-02° (opaque form), 
unchanged by crystn. from acetone and then from C,H,-acetone. These values are higher 
(0-2°, 0-1°) than those for the octadecane (Part II; /oc. cit.) from hydrogenation of octadecene- 
cetene mixtures. As the iodide was undoubtedly pure, the new values are preferred. 

In the older specimen it was difficult to observe the metastable form, unless cetane was 
added. When the new specimen is cooled without stirring, it crystallises in transparent branch- 
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ing clusters at 27-5° and these seem to melt at 27-6°, but also change to the opaque form, m. p. 
28-02°. After most of the solid has melted, the temp. begins to rise and the opaque suspension 
of fine crystals does not clear when kept for 20 min. at 29° (stirring). At 29-7° it clears sharply. 
As this can be repeated indefinitely, the clearing-point being 29-7° + 0-1°, after short or long 
standing, it appears that a third form of octadecane has been detected. 

Method (ii). Reduction with Zinc-Copper Couple——Zn dust was washed with 5% H,SO,, 
and H,O, and covered with CuSO, aq. (2%), which was replaced when almost decolorised. 
The metal was washed wifh H,O and then EtOH. 

A mixture of cetyl iodide (9 g.), EtOH (50 c.c. of 95%), and Zn—Cu (25 g.) was refluxed for 
8 hr., cooled, and filtered. Ice-water pptd. from the filtrate 5 g. (yield, 90%) of solid free from 
I. Cryst. from PrOH—MeOH, it melted at 18°. 

Method (iii). Catalytic Reduction.—The Pd-—CaCO, catalyst used by Harington (Biochem. 
J., 1926, 20, 304) for the reduction of thyroxine in KOH aq. had to be activated for use in 
PreOH. CaCO, (50 g., freshly prepared) was stirred in H,O (400 c.c. at 80°), PdCl, (0-5 g. in 
20 c.c. H,O) added, and then CH,O (2 c.c. formalin in 20 c.c. H,O). After 2 mins.’ stirring, 
the dark solid was filtered off, washed with warm H,O, EtOH, and PrOH, and used immediately. 

To a solution of cetyl iodide (8 g.) in PrOH (30 c.c.), KOH (3 g. in 20 c.c. PrOH) and the 
catalyst (25 g.) were added. After shaking with H for 2 hr. at 20°, the theo. vol. (515 c.c.) had 
been absorbed and reaction ceased. The solution was removed from the catalyst (washing 
with hot PrOH), and ice-water pptd. cetane, m. p. 17—18°, free from I (yield, 90%). 

Cetyl Formate——This was prepared from pure cetyl alcohol and HCO,H and crystallised 
from ligroin. It was dimorphous: transparent form, f. p. 22-7°, and opaque form, m. p. 25°, 
(in capillary tube, 26°) (Found: C, 75-4; H, 12-7. Calc. for C,,H,,0,: C, 75-5; H, 12-6%) 
(cf. Rheinbolt, Ké6nig, and Otten, Annalen, 1929, 473, 249). 

According to D.R.-P. 296741 (Friedlander’s “ Fortschritte,” 1915, 13, 929) the formate on 
distillation in vac. should lose CO, and yield a paraffin. It could be distilled unchanged at 
200°/20 mm., and even at 310°/760 mm. CO, could only just be detected. Addition of Fe 
or charcoal was without effect. When refluxed for 2-5 hr. and then distilled, the ester had 
m. p. 21—22-5° and was easily sol. in MeOH, in which cetane is sparingly sol. The examples 
mentioned in the patent allow a temp. of 290° with a pressure of 10—15 mm. to be maintained 
and this may account for the difference. No evidence, however, of identification of the products 
is given. 

An application to cetyl iodide of the Rosenmund method of reducing acid chlorides in xylene 
solution with H,—-Pd—BaSO, (Ber., 1918, 51, 594) was unsuccessful. Some HI was evolved, 
but most of the halide was unchanged. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, February 24th, 1933.] 





93. Reduction of a-Amino-nitriles. 
By WILL1AM McMEEKING and Tuomas S. STEVENS. 


Mucu dimethyl-n-propylamine results from the action of ‘“‘ atomised”’ sodium on a- 
dimethylamino-n-butyronitrile in dry ether. (The hydrogen produced by the action of 
sodium on a part of the nitrile no doubt serves to reduce a further portion.) The reduction 
of a number of «-amino-nitriles has therefore been studied, in order to test the preparative 
utility of the following route from aldehyde or ketone to amine (I) : 


R, a —_— Rw ._-CH,'NH, E 1 
ae os Ry CLNR,R, RNR RNR RNR 2 


As several of the conventional reducing agents proved unsatisfactory, the original 
experiment was repeated, using moist ether [method (1)]. Moderate yields of the desired 
products were obtained in the three cases tried, although the reaction was too violent for 
easy manipulation. Better results were attained by adding sodium in slices to the nitrile 
dissolved in ether floating on potassium bicarbonate solution [method (2)]. These two 
very similar processes do not always lead to the same result (cf. Table I); for method 
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(2) appears to yield product (I) only if R, or R, is an aryl radical, otherwise the nitrile 
group is not replaced, but reduced im situ (II). Phenylation on the nitrogen atom has no 
effect. 

These two types of reduction have already been encountered by Gulewitsch and Wasmus 
(Ber., 1906, 39, 1184), who obtained a little isopropylamine (type I) by reducing «-amino- 
isobutyronitrile with sodium and alcohol; and by Purgotti (Gazzetta, 1894, 24, ii, 427), 
who reduced «-aminophenylacetonitrile to phenylethylenediamine (type II) with zinc and 
hydrochloric acid. Considered along with the present results, these suggest that form- 
ation of product (I) is favoured by alkaline conditions, and that of (II) by acids. 


TABLE I. 


Method (1). Method (2). 
R,,Rg. R;, Ry. Product. Yield %. Product. Yield %. 
Et,H Me,Me 30-40 II 39 
Me,Me Me,Me 30-40 II 22 
Me,Me H,H decomp. — 
Me,H Ph,Et I 55 
Ph,H Me,Me 57 
Ph,H CsHi9 85 
Ph,H Me,H 19 * 
Ph,H H,H 46 
Ph,H Ph,Me 50 
Ph,Me Ph,H 55 


* Calculated on the crude nitrile, which cannot be purified. 
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The results of reduction by method (2) may be compared with those of the interaction 
of «-dimethylamino-nitriles and the Grignard reagent (Thomson and Stevens, J., 1932, 
2607). In the former case «-phenylation of the nitrile causes replacement of the cyanogen 
by hydrogen, while in the latter it leads to suppression of the normal reaction of ketone 
formation in favour of the displacement of the nitrile group by the radical of the Grignard 
reagent—e.g., CHPh(NMe,)*CN + PhMgBr —> CHPh,(NMe,) + MgBrCN. 

A Fittig—Wurtz synthesis, resulting in the formation of (III), which some amino-nitriles 
undergo when treated with the Grignard reagent, has not been encountered in these re- 
duction experiments. 

EXPERIMENTAL. 


Except where otherwise stated, the amino-nitriles were prepared by addition of amine 
hydrochloride in H,O to aldehyde or ketone and KCN in H,0, or of AcOH to aldehyde or ketone, 
KCN, and amine in H,O. Low-melting, solid amino-nitriles were prepared at 0°, and the crude 
material then needed no further purification, though the yield was somewhat diminished. The 
known compounds had the properties ascribed to them by the authorities cited. 

In method (1) the amino-nitrile, dissolved in Et,0, was added gradually to Na (5—6 atoms) 
atomised under toluene. The reaction having subsided, EtOH and H,O were added, and the 
product extracted with Et,O. In method (2) 20 mols. KHCO, and 20 atoms Na were used, 
the reduction conducted so as to maintain gentle ebullition, and the product finally extracted 
with Et,O. Water-soluble bases were salted out by K,CO, before extraction. In each case 
the dried Et,O solution was distilled (column; water-bath), giving the “ distillate”? and 
“‘ residue ’’ referred to below. 

The following reducing agents were tried in the preliminary expts., mostly with «-dimethyl- 
aminophenylacetonitrile: Zn—AcOH, Al amalgam—EtOH, Na amalgam—EtOH, and Na—EtOH. 
In every case the yield of (I) was negligible, the main product being NHMe,. In method (1) 
the replacement of moist Et,O by Et,O containing EtOH (moderate excess, calc. on Na used) 
led to no improvement. 

(A) a-Dimethylamino-n-butyronitrile, colourless liquid, b. p. 156—158°; the picrate, yellow 
prismatic needles, m. p. 148° (decomp.; change at 142°) (Found: C,H,0,N;, 67:2. 
C,H,,N2,CgH,0O,N, requires C,H,O,N;, 67-1%), yielded dimethylamine picrate, m. p. and 
mixed m. p. 157°, on boiling with EtOH. 

(1) The distillate gave dimethyl-n-propylamine picrate, m. p. and mixed m. p. 108—109° 
(Hanhart and Ingold, J., 1927, 1007), together with a trace of dimethylamine picrate. 

(2) The distillate gave no picrate. From the residue there was obtained «-amino-§-dimethyl- 
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aminobutane picrate, fine yellow needles, m. p. 176° (decomp.; change at 170°), from acetone, 
slightly sol. in EtOH, easily in acetone; dihydrochloride, slightly deliquescent, m. p. 169°, from 
EtOH (Found: HCl, 38-2. C,H,,N,,2HCl requires HCl, 38-6%). 

(B) a-Dimethylaminoisobutyronitrile (Henry and Dewael, Bull. Acad. roy. Belg., 1904, 741). 

(1) The distillate gave dimethylisopropylamine picrate, m. p. 240—241° (decomp.) (Thomson 
and Stevens, Joc. cit.) (Found: C,H,O,N;, 72-7. Calc. for C;H,;N,C,H,O,N; : C,H,O,N;, 
72-5%). 

(2) The distillate gave no picrate. The residue yielded «-amino-$-dimethylamino-8-methyl- 
propane picrate, fine yellow needles, m. p. 184°, from acetone—EtOH, easily sol. in acetone, 
slightly in EtOH; dihydrochloride, slightly deliquescent, m. p. 256—258°, from EtOH (Found : 
HCl, 38-5%). 

(C) a-Aminozsobutyronitrile (Gulewitsch and Wasmus, Joc. cit.). 

(2) No picrate was obtained. Since the nitrile decomposes fairly rapidly on standing, it 
probably did so under the experimental conditions, the basic products escaping. 

(D) «-Ethylanilinopropionitrile, liquid, b. p. 133—134°/10 mm. (Found: N, 16-2. C,,H,,N, 

requires N, 16-1%). 
’ (2) The residue gave a-amino-f-ethylanilinopropane picrate, yellow prisms, m. p. 164°, 
from acetone—EtOH, easily sol. in acetone, less sol. in EtOH; dihydrochloride, m. p. 199—200°, 
from EtOH (Found: HCl, 29-4. C,,H,,N,,2HCl requires HCl, 29-1%). 

(E) a-Dimethylaminophenylacetonitrile (Stevens, Cowan, and MacKinnon, J., 1931, 2568). 

(1) Traces of dimethylamine picrate were obtained from the distillate. From the residue 
there was isolated benzyldimethylamine picrate, m. p. and mixed m. p. 94°. 

(2) The residue was steam-distilled, and the distillate gave benzyldimethylamine picrate, 
m. p. and mixed m. p. 94°. 

(F) «-Piperidinophenylacetonitrile (Knoevenagel, Ber., 1904, 37, 4086). 

(2) After reduction, the Et,O layer was washed thoroughly with H,O to remove piperidine, 
and dried. It yielded 1-benzylpiperidine picrate, stout yellow prisms, m. p. 176—177°, from ~ 
acetone; phenacylobromide, m. p. and mixed m. p. 135—138° (slight efferv.) (Stevens, J., | 
1930, 2117). 

(G) «-Methylaminophenylacetonitrile (von Miller and Pléchl, Ber., 1898, 31. 2717) was 
obtained mixed with a considerable quantity of a neutral cryst. solid, m. p. 183°, arom EtOH; 
the nitrile was extracted from this by Et,O, and no further purification was attempted. 

(2) The procedure of case E(2) gave benzylmethylamine picrate, masses of long yellow needles, 
m. p. 117—118°, from EtOH (Found : C,H,0,N;, 66-1. C,H,,N,C,H,;0,N, requires C,H,O,N;, 
65-4%). 

(H) «-Aminophenylacetonitrile (Minovici, Ber., 1896, 29, 2103). 

(2) The residue gave benzylamine picrate, m. p. and mixed m. p. 194° (Jerusalem, J., 1909, 
95, 1283). 

(I) «-Methylanilinophenylacetonitrile (Sachs and Goldmann, Ber., 1902, 35, 3351). 

(2) The residue was steam-distilled, leaving benzylmethylaniline; picrate, m. p. and mixed 
m. p. 104° (Komatsu, Mem. Coll. Sci. Kyoto, 1912, 3, 371). 

(K) a-Anilino-«-phenylpropionitrile, prepared as described by Bucherer and Grolée (Ber., 
1906, 39, 992). 

(2) Owing to the low solubility of the nitrile in Et,O, the reduction had to be carried out in 
dil. solution, and a considerable quantity was recovered unchanged (mixed m. p.). The product 
was steam-distilled, the residue extracted with Et,O, and the solvent evaporated. A solution 
of the remaining liquid in hot dil. HCl deposited «-phenylethylaniline hydrochloride, m. p. 
185—186° (Busch, Ber., 1904, 37, 2691) (Found: HCl, 15-7. Calc. for C,,H,;N,HCl: HCl, 
15°6%). 


The authors are indebted to the Carnegie Trustees for a Teaching Fellowship held by one 
of them (T. S. S.), and for a Scholarship held by the other (W. McM.). 


THE UNIVERSITY, GLASGOW. [Received, February 8th, 1933.] 
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94. 4-Nitro-5-(3-pyridyl)pyrazole, a New Oxidation Product of Nicotine. 
Part III. Confirmatory Synthetical Experiments. 


By Georce A. C, GouGcH and Harorp KInc. 


In the oxidation of nicotine (I) to nicotinic acid by nitric acid a by-product was isolated 
to which the constitution of 4-nitro-5-(3-pyridyl)pyrazole (II) was assigned on the evidence 


of its properties ( = 1931, 2968) and of its methylation (J., 1932, 2768). 
_ COMe | Fe 
dl pod . ns td 


Oe OY OF 
On reduction it gave the corresponding amino-derivative; this has now been deamin- 


ated to a liquid base, 5-(3-pyridyl)pyrazole, which does not give the Pauly reaction with 
diazotised sulphanilic acid and cannot therefore contain the glyoxaline nucleus, a possi- 
bility already dismissed by us (/oc. cit.). The constitution of this base has been confirmed 
by synthesis from ethyl nicotinate, which by condensation with acetone in the presence 
of sodium gave pyridoylacetone (III). On treatment of this diketone with hydrazine a 
quantitative yield of 3-methyl-5-(3-pyridyl)pyrazole (IV) was obtained, which yielded 
5-(3-pyridyl)pyrazole-3-carboxylic acid on oxidation with potassium permanganate. At 
310° this acid lost carbon dioxide with the formation of 5-(3-pyridyl)pyrazole, which has 
been shown to be the same as the product obtained from nicotine. The ficrates, 
flavianates, methiodides, and methopicrates of the two bases were identical in all respects 
and each pair showed no depression of m. p. in admixture. 

The proof of the constitution now submitted lends support to the mechanism suggested 
in our first communication for the mode of origin of a pyrazole nucleus from a reduced 
pyrrole nucleus. In this connexion it is of interest and of significance that almost the 
exact counterpart has been found by Hahn and Just (Ber., 1932, 65, 717; cf. Jacobson 
and Huber, ibid., 1908, 41, 660) in the formation of a substituted benzpyrazole (indazole) 
ring, for ON-diacetylyohimbine on oxidation with dilute nitric acid gives 6-nitroindazole- 
3-carboxylic acid (V), which the authors suggest arises by the action of nitrous acid on 
an o-aminophenylacetic acid group. 


CH,°CO,H *CO,H 
wot K a |e vot LA Wy 
N-NO 


NH 


EXPERIMENTAL. 


Deamination of 4-Amino-5-(3-pyridyl)pyrazole. Isolation of 5-(3-Pyridyl)pyrazole——A sus- 
pension (4-66 g.) of the aminopyridylpyrazole dihydrochloride (prepared from nicotine) in 
N-HCl was treated at 0° with amyl nitrite until complete solution had been effected. The 
solution was then boiled with EtOH (large excess) until evolution of N ceased. After removal 
of EtOH the solution was made alkaline with NH, aq. and extracted with CHCl;, and 
the latter on evaporation gave a liquid base, which was converted into a cryst. hydrochloride 
(yield, 2-45 g.). The base distilled readily under reduced press. but could not be obtained 
cryst. The whole of the hydrochloride was dissolved in a very little H,O and treated with 
sat. sodium picrate solution until no further pptn. occurred. The picrate (3-8 g.) required 
750 c.c. of H,O for crystn. and separated in glistening leaflets, m. p. 194—195°. The picrate 
also crystallises in needles [Found (micro.) : C, 42-9; H, 3-2; H,O, 3-4. C,H,N;,C,H,0,N;,H,O 
requires C, 42-9; H, 3-1; H,O, 46%]. That the salt was a monopicrate was confirmed by 
nitron estimation (Found: picric acid, 57-4; monopicrate monohydrate requires picric acid, 
58-4%). The flavianate crystallised in stout orange needles, m. p. 229° (decomp.), very readily 
sol. in hot H,O [Found (micro.) : C, 43-6; H, 3-5; N, 14:1; H,O, 7:0. CgH,N;,C,,H,O,N,S,2H,O 
requires C, 43-6; H, 3-5; N, 14:1; 2H,O, 7-3%]. 

The base was recovered from the picrate (1-0 g.) by means of CHCl, and NaHCO, aq. and 
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distilled under reduced press. It was boiled with excess of MeI in MeOH for 2 hrs., and the 
solution evaporated to a small vol. The methiodide (0-45 g.) separated in large hexagonal 
tablets, m. p. 217-5° [Found (micro.) : C, 37-6; H, 3-5. CgH,)N;I requires C, 37-6; H, 3-5%]. 
The methopicrate, a felt of fine needles from H,O, had m. p. 185° [Found (micro.): C, 46-3; 
H, 3-4; N, 21:3. C,;H,,.0,N, requires C, 46-4; H, 3-1; N, 21-6%]. 

6-Pyridoylacetone.—Ethyl nicotinate (15 g.) and dry acetone (7-5 g.) in 50 c.c. of dry Et,O 
were cooled in ice and treated with Na wire (2-3 g.). After remaining for an hr. at room temp., 
the mixture was warmed on the water-bath for a few mins. and the solid sodium salt was 
collected and dried (yield, 15-2 g.). It was dissolved in H,O (100 c.c.) and the solution was 
saturated with CO, and extracted with Et,O. The cryst. residue (7-35 g.) obtained on evapor- 
ation of the Et,O was distilled under reduced press. and showed b. p. 153°/13 mm. It had the 
m. p. and properties recorded by Ferenczy (Monaits!:., 1897, 18, 673). 

3-Methyl-5-(3-pyridyl)pyrazole.—8-Pyridoylacetone (4-65 g.), dissolved in EtOH (25 c.c.), 
was added to a solution of hydrazine sulphate (4-1 g.) and hydrated sodium acetate (8-6 g.; 
2 mols.) in H,O (25 c.c.) and refluxed for 2 hrs. After removal and washing of the separated 
Na,SO, with EtOH the liquid was evaporated to a small vol. and treated with 5% NaOH aq. 
(10 c.c.) and H,O (100 c.c.). The oil which separated solidified rapidly and was removed by 
filtration (4-65 g.). A small amount of material was obtained from the mother-liquor by 
saturation with NaCl. This appeared to be the sodium salt of the pyrazole, since, on neutral- 
isation with AcOH, it yielded the free pyrazole. The combined products crystallised from 
warm H,O (140 c.c.) in large stout plates, which melted at 81—83°, lost H,O, resolidified, and 
then melted at 137—138° (Found: loss at 100°, 12-4. Found in dried material: N, 26-1. 
C,H,N;,14H,O requires H,O, 14:5. C,H,N, requires N, 26-4%). The monopicrate crystallised 
from H,O in large balls of fine needles, m. p. 202—203° (Found: N, 21-5. C,H,N;,C,H,O,N, 
requires N, 21-6%), and the hydrochloride from 50% aq. acetone in long fine needles, m. p. 
214—216° (Found: N, 21-2. C,H,N;,HCl requires N, 21-5%). 

5-(3-Pyridyl)pyrazole-3-carboxylic Acid.—3-Methyl-5-(3-pyridyl)pyrazole (1 g.), dissolved in 
H,O (50 c.c.), was oxidised on a boiling water-bath by the dropwise addition of KMnO, (2 g.) - 
in H,O (100 c.c.) during 2 hr., while CO, was passed through the solution. This was then 
boiled for a further 20 min. and, after destruction of the faint red colour by addition of a few 
drops of MeOH, filtered from MnO,, neutralised to Congo-paper, and evaporated to 25 c.c. 
5-(3-Pyridyl)pyrazole-3-carboxylic acid, m. p. 308—310° (efferv.), which separated almost com- 
pletely when the solution was kept in the ice chest over-night, was removed (0-45 g.): a 
portion (0-1 g.), cryst. from boiling H,O (25 c.c.) for analysis (Found: N, 22-4. C,H,O0,N, 
requires N, 22-2%), separated in small aggregates of fine needles. The picrate, m. p. 242—245°, 
formed small clusters of hair-like needles (Found: N, 20-3. C,H,O,N;,C,H,O,N, requires N, 
20-1%). 

5-(3-Pyridyl)pyrazole.—The foregoing acid (0-35 g.) was heated at about 310° until evolution 
of gas was complete. The tube was connected to a water-pump, and the decarboxylated 
product distilled from the small dark residue. The distilled product (0-15 g.) was freed from 
traces of acidic substances by solution in dil. NH, aq. and extraction with CHCl,. The extract 
was washed twice with NH, aq. and H,O, and the base removed from it by washing with dil. 
HCl. Evaporation of this extract to dryness yielded a hydrochloride (0-25 g.), crystallising in 
pointed plates which could not be recrystallised in any simple manner. The hydrochloride 
was therefore converted into the picrate (0-35 g.) by the addition of aq. sodium picrate. 
This, recryst. from boiling H,O (90 c.c.), yielded thin leaflets and sometimes needles (0-3 g.), 
m. p. 194—195° [Found (micro.) : C, 42-9; H, 3-1. Calc.: C, 42-9; H, 3-1%]. 

The product from decarboxylation of a further amount of the acid (0-4 g.) in a similar way 
was divided into two equal parts and one was converted into the flavianate, which, after two 
crystns. from H,O, formed stout needles, m. p. 229° (decomp.) [Found (micro.): C, 44-1; H, 
35; H,O, 5:5. CgH,N;,C,g9H,O,N,S,1$H,O requires C, 44-4; H, 3:3; H,O, 55%]. The 
second portion of the distilled base was boiled with an excess of Mel for ? hr., the solution 
evaporated to dryness, and the cryst. residue dissolved in the minimum vol. of MeOH. On 
cooling, large tablet-shaped crystals of the methiodide separated, m. p. 217°. These were 
converted by solution in H,O and addition of sodium picrate into the methopicrate, m. p. 
184—186°, which crystallised in long stout needles [Found (micro.): C, 46-5; H, 3-3. Calc.: 
C, 46-4; H, 3-1%]}. 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
Lonpon, N.W. 3. (Received, February 28th, 1933.] 
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95. Derivatives of Benzaldehyde-p-arsonic Acid. 
By CuHARLEs S. Gipson and BARNETT LEVIN. 


BENZALDEHYDE-P-ARSONIC acid and a number of its derivatives have already been described 
(J., 1931, 2388). This acid also undergoes condensation with such acids as malonic acid 
and cyanoacetic acid : p-arsonobenzylidenemalonic acid, H,O,As*C,H,-CH:C(CO,H),, results 
in the former case and cinnamonitrile-p-arsonic acid, HJO,As*C,H,°CH:CH-CN, in the latter. 
These examples indicate the reactivity of the aldehydo-group in benzaldehyde-p-arsonic 
acid and indicate that this compound may be a useful starting material for the preparation 
of unsaturated compounds containing the arsonic acid group. In view of the results 
previously described (/oc. cit.), such compounds may have chemotherapeutic properties. 

The dichloroarsine, arsenious oxide and the arseno-compounds derived from benzaldehyde- 
p-arsonic acid are also described. 


p-Arsonobenzylidenemalonic Acid.—Benzaldehyde-p-arsonic acid (2-75 g.) and malonic acid 
(1-25 g.), dissolved in AcOH (12 c.c.), are heated on the water-bath for 1 hr. and the ppt. which 
separates on cooling is recrystallised from aq. ACOH (60%), forming colourless acicular needles, 
unmelted at 300° (Found: As 23-9; equiv., 82-5. C, ,H,O,As requires As, 23-7%; equiv., 79). 
The acid is readily sol. in H,O and less sol. in AcOH. 

Attempts to condense benzaldehyde-p-arsonic acid under similar conditions with ethyl 
malonate and malonamide were unsuccessful. 

Cinnamonitrile-p-arsonic Acid.—Under similar conditions benzaldehyde-p-arsonic acid 
(2-3 g.) and cyanoacetic acid (0-85 g.) are condensed in AcOH (5 c.c.). The product, which 
separates when the mixture is kept for some hours at a low temp., crystallises from AcOH, in 
which it is readily sol., in colourless crystals, unmelted at 300°. It is sol. in H,O and EtOH and 
insol. in Et,O and C,H, (Found: N, 5-1; As, 30-1. C,H,O,NAs requires N, 5-5; As, 29-7%). 

So far it has not been found possible to obtain p-arsonocinnamic acid from p-aminocinnamic 
acid by the Bart-Schmidt reaction. 

Benzaldehyde-p-dichloroarsine, AsCl,-CgH,-CHO, was prepared by reducing a solution of the 
arsonic acid in EtOH—HCI aq., containing a trace of I, with SO,. The oil rapidly solidified and 
then crystallised from C,H,-ligroin (b. p. 60—80°) in pale yellow needles, m. p. 105° (Found: 
Cl, 27-5. C,H,OCI1,As requires Cl, 28-3%). 

Benzaldehyde-p-arsenious oxide, AsO-C,H,°CHO, is obtained by passing CO, into a solution 
of the dichloroarsine in warm NaOH aq. The pptd. gum rapidly solidifies and is washed with 
H,O. The compound cannot be recrystallised and has m. p. 232° (previous softening) (Found in 
specimen dried at 110°: As, 37-7. C,H,;O,As requires As, 38-2%). 

4 : 4’-Dialdehydoarsenobenzene, (CHO-C,H,’As:),, is obtained by boiling a solution of benz- 
aldehyde-p-arsonic acid (2 g.) in hot H,O (10 c.c.) for a few mins. after addition of hypophos- 
phorous acid (d 1-14; 10 c.c.) and then keeping it for a few mins. on the water-bath. The pale 
yellow solid is washed with H,O. It cannot be recrystallised and decomposes at 240° (Found : 
As, 40-6. C,,H,,O,As, requires As, 41-6%). 


The expenses of this investigation have been met from a grant from the Government Grant 
Committee of the Royal Society. 


Guy’s HospiTtaL MEDICAL ScHOooL, Lonpon, S.E. 1. [Received, March 4th, 1933.] 





96. Structural Changes produced in the Selenium Dehydrogenation 
Method. Part I. Ring Changes in spiro-Compounds. 


By G. R. CLEmMo and J. ORMsSTON. 


THE most valuable and fruitful method of elucidating the ring structure of hydroaromatic 
compounds, especially the terpenes and sterols, has been the sulphur dehydrogenation 
method of Vesterberg (Ber., 1903, 33, 4200) and its modification using selenium (Diels, Ber., 
1927, 60, 2323), which produce aromatic compounds whose structures are either known or 
can be ascertained by synthesis. The consequent deduction of the ring structure of the 
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initial compound will clearly be less trustworthy if ring changes, other than extra ring 
formation involving a chain substituent (Diels, Gadke, and Kérding, Annalen, 1927, 459, 1), 
occur during the drastic operation which ordinarily involves heating with sulphur, or 
selenium, for some 36 hours at from 280° to 330°. 

So far, however, no such ring changes appear to have been established, but it has now 
been found that some spiran compounds are transformed into aromatic structures. For 
instance, whilst it is already known that A®*?°-octalin oxide readily gives 2-ketocyclohexane- 
spirocyclopentane (I) (Hiickel and co-workers, Annalen, 1929, 474, 121; Clemo and Ormston, 
J., 1932, 1778), it has now been shown that this compound, and cyclohexanespirocyclo- 
pentane (II) derived from it by a Clemmensen reduction, give naphthalene on selenium 
dehydrogenation. 


CH, CH, 


(I) H.C” \¢o CH,—CH H.C” \CH, CH.—CH, (IL) 
2 CH, 2 CH, 
H,C < H.C —< 
gait NG ote 
2 2 


The compound (II) was prepared by Zelinsky and Schuikin (Ber., 1929, 62, 2180) from 
the hydrazone of (I) by treatment with platinum and potassium hydroxide, and they 
observed that, when it was treated with platinised charcoal and hydrogen at 190°, a com- 
pound C, 9H,, was obtained. They further state that they were unable to bring about the 
dehydrogenation of the latter compound at 300° in the presence of palladised asbestos or 
platinised charcoal. 


2-Ketocyclohexanespirocyclopentane.—The ketone, obtained by the Reformatsky reaction 
from A®:1°-octalin oxide and ethyl bromoacetate (Clemo and Ormston, Joc. cit.), was converted 
into its semicarbazone, which was recrystallised five times from EtOH; m. p. 189—190°. The ~* 
pure semicarbazone (3-5 g.) was shaken with N/2-H,SO, (70 c.c.) and light petroleum (b. p. 40— 
60°; 30c.c.) for 7 hr. The petroleum solution on fractionation gave 2 g. of the pure ketone, 
b. p. 102—103°/20 mm. 

cycloHexanespirocyclopentane.—The pure ketone (2 g.), amalgamated Zn (10 g.), and conc. 
HCI (15 c.c.) were refluxed over-night, a further 10 c.c. of acid added, and the heating continued 
for 7 hr. Light petroleum (b. p. 40—60°) then extracted a substance, which was dried, 
isolated, treated with semicarbazide hydrochloride and NaOAc in EtOH on the water-bath to 
eliminate any unchanged ketone, and then steam-distilled. The distillate was extracted with 
light petroleum, and fractionation of the extract gave cyclohexanespirocyclopentane (1-2 g.), 
b. p. 75°/20 mm. (Found: C, 87-1; H, 12-8. Calc. for CygH,,: C, 87-0; H, 13-0%). 

Dehydrogenation of the Hydrocarbon (11) with Selenium.—The hydrocarbon (1-2 g.) and Se 
(7 g.) were heated at 280—290° for 19 hr. The temp. was then raised to 320° and kept there for 
a further 24 hr. The reaction mixture was extracted four times with light petroleum (b. p. 
40—60°), and the petroleum removed. The residue after distillation from Na at ordinary 
press. gave 0-24 g., part of which crystallised at once and smelt strongly of naphthalene. When 
the distillate was fractionated carefully under 1 mm. press., 0-1 g. of a colourless mobile oil quickly 
passed over, which smelt of the original hydrocarbon. The cryst. residue in the flask was 
distilled (0-06 g.), and crystallised from MeOH-H,O (4: 1), naphthalene being obtained, m. p. 
80° alone or mixed with authentic naphthalene. The picrate was also prepared; m. p. 148— 
149°, alone or mixed with authentic naphthalene picrate. 

Dehydrogenation of the Ketone (I) with Selenitum.—The pure ketone (0-8 g.) and Se powder 
(5 g.) were heated together, and the reaction mixture was worked up, as described in the previous 
expt.; the product after distillation from Na separated into two fractions, the first of which, 
although it consisted largely of unchanged ketone, deposited some crystals of naphthalene. The 
second fraction solidified on cooling and was proved to be naphthalene as in the previous case. 


Our thanks are due to the Chemical Society for a grant, and to Mr. O. Telfer for carrying 
out the microanalyses recorded in this and the succeeding paper. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE. 
NEWCASTLE-UPON-TYNE. (Received, March 1st, 1933.] 
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Third Report of the Committee on Atomic Weights of the International 
Union of Chemistry. 


Tue following report of the Committee covers the twelve-month period, September 30, 
1931, to September 30, 1932.* 

Two changes in the table of atomic weights are recommended, from 138-90 to 138-92 
in the case of lanthanum and from 126-932 to 126-92 in the case of iodine. 


PHYSICO-CHEMICAL METHODS. 


CARBON.—Moles and Salazar (Anales Soc. Espan. Fis. Quim., 1932, 30, 182) have 
‘determined the normal density of carbon monoxide prepared by four methods: (1) 
reaction of sodium formate with phosphorus pentoxide, (2) dehydration of formic acid 
with phosphorus pentoxide, (3) dehydration of formic acid with concentrated sulphuric 
acid, (4) reaction of potassium ferrocyanide with concentrated sulphuric acid. In each 
case the gas was subjected to chemical purification and then was fractionally distilled. 


The Density of Carbon Monoxide. 


Preliminary Series. Final Series. 
Globe N-2. Globe G. Globe N. Globe G. 
Method. 608°87 ml. 987°52 ml. Average. Method. 992°04ml. 987°52 ml. Average. 
1 1-25058 1-25006 1-25032 2 1-24953 1-24980 1-24966 
2 1-25076 124984 1-25030 1-25000 1-25053 1-25026 
1-25013 1:24986 1:24999 1-24941 1-24992 1-24966 
1-25130 1-25018 1-25074 1-24953 1-25046 1-24999 


1°25105 1:25024 125064 Average 124962 1:25018 1:24989 


sors ee ee 3 1:24920 124959 124939 
(1-25124) (1°25081) (1°25102) 1°24972 1°25039 1°25005 
1:25095 = -1-25090 125092 1:25179  1:25067 ~—- 125123 


1-25019 1°24945 1-24982 1-25003 1:25109 1°25056 


Average 1'25073 125011 125042 125061 1:24997 1-:25029 
1-24930 1-25019 124974 
125029 1:24973 1-25001 


Average 125013 1:25023 125018 


4 1-24966 1+25056 1-25011 
1:24968 125105 1-25036 


Average 1°24967 1-25081 1°25023 
Average of all 1°24990 1:25030 1-:25010 


This result is in exact agreement with that previously found by Pire and Moles. 
With the values 22-414 and 1-0050 for R and 1 + respectively the atomic weight of carbon 
is calculated to be 12-006. Because of the small coefficient of deviation from Boyle’s 
law, carbon monoxide is as well suited for precise molecular weight determination as the 
permanent gases, so that this result may be accepted as valuable addition to the evidence 
which has been accumulating recently that the atomic weight of carbon is somewhat 
higher than 12-00. 

NITROGEN.—Batuecas (J. Chim. phys., 1931, 28, 572; Anales Soc. Espan. Fis. Quim., 
1931, 29, 538) has continued the investigation on nitrous oxide, previously reported, by 
determination of the density at pressures below one atmosphere. The gas was prepared 
(1) by the reaction of hydroxylamine hydrochloride and sodium nitrite, (2) by the decom- 
position of ammonium nitrate. Chemical purification was followed by condensation and 
fractional distillation. The values given in the following table are referred to one 
atmosphere without correction for the deviation from Boyle’s law. 


* Authors of papers bearing on the subject are requested to send copies to each of the five members 
of the Committee at the earliest possible moment. 

Prof. G. P. Baxter, Coolidge Laboratory, Harvard University, Cambridge, Mass., U.S.A.; Mme. 
Prof. P. Curie, Institut du Radium, 11, rue Pierre-Curie, Paris (5¢), France; Prof. O. Hénigschmid, 
Sofienstrasse 9, Munich, Germany; Prof. P. Lebeau, Faculté de Pharmacie, 4, avenue de l’Observatoire, 
Paris (6°), France; Prof. R. J. Meyer, Landshuterstrasse 11-12, Berlin W. 30, Germany. 
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The Density of Nitrous Oxide. 
P = 506°67 mm. P = 380 mm. 
Globe G. Globe N-3. Globe G. Globe N-3. 
Method. 1007°55 ml. 772°58 ml. Average. Method. 1007°55 ml. 772°58 ml. Average. 
1:9749 1:9741 1:9745 1 1:9723 1:9721 1:9722 
1-9750 1:9744 1:9747 1 1:9719 19719 
1:9743 1:9746 1:9745 1 1:9706 1:9706 
1-9747 1°9744 1:9746 1 1:9724 1-9724 1°9724 
1-9744 1-9744 19744 Average 1:9724 1:9718 1:9718 
1:9738 1°9745 1:9741 2 19718 1:9719 1:9718 
1:9745 1-9758 1/9751 2 1:9726 19730 19728 
1-9742 1-9749 1-9745 2 1:9722 1:9730 1:9726 


Average 
Average 1:9722 1:9726 1:9724 


P = 253°33 mm. 


19695 1:9701 19698 2 1:9701 19698 19700 
1-9685 1-9700 1-9692 2 19691 19701 1-9696 
1:9677 1:9677 2 19700 19700 


1-9691 1:9691 1-9691 Average 1:9696 1-9700 1-9699 
Average 1:9690 1°9622 1-9690 


The limiting density is calculated on the assumption that a linear relation holds 
between pressure and density referred to one atmosphere. 


Pressure 
(atmospheres). Density. Limiting density. 1+A. 
1 1-9804 
2/3 1-9746 1-9630 1-0086 
1/2 1-9722 1-9640 1-00835 
1/4 1-9694 1-9639 1-00840 


Average 1°'9636 1:00854 


Thecalculation of 1 + Abylinearextrapolation of valuesfor PV found from the expression 


Ll, [Ly gave the following result : 


Pressure 
(atmospheres). PV. 1+A. 
1 100000 
2/3 100294 1-00882 
1/2 100416 1:00832 
1/3 100559 1:00839 
Average 1°00851 


With the values 1-9804, 22-414, and 1-0085 for the density at one atmosphere, R and 
1 + A respectively, the molecular weight of nitrous oxide is found to be 44-014 and the 
atomic weight of nitrogen 14-007. 

In an article devoted chiefly to criticism of the report of this Committee for 1931, Moles 
(Anales Soc. Espan. Fis. Quim., 1932, 30, 460) applies corrections to the above results (1) 
for diminution in volume of the globes when filled at low pressures and (2) for adsorption 
as found by Crespi in work as yet unpublished. 

The corrected figures are as follows : 


Pressure 
(atmospheres). Density. Limiting density. 1+4A. N,0. 


1 198034 
2/3 1:97459 1:96309 1-00880 44:001 
1/2 1°97223 1:96412 1:00829 44:023 
1/3 196946 1°96402 100833 44-022 


Average 1°96364 1:00845 44:016 
Whence N = 14:0078. 


FLUORINE.—Moles (J. Chim. phys., 1932, 29, 53; Nature, 1931, 128, 966) discusses 
critically earlier determinations of the atomic weight of fluorine with the final conclusion 
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that the atomic weight of this element is very close to integral, 19, and suggests that the 
higher value recently found by Patterson, Whytlaw-Gray, and Cawood, through the 
density of methyl fluoride, is due to the effect of impurity of methane in the methyl 
fluoride employed by the latter. Patterson, Whytlaw-Gray, and Cawood (Nature, 1932, 
129, 245; J. Chem. Soc., 1932, 2180) have prepared methyl fluoride by their own (Collie’s) 
method (pyrolysis of tetramethylammonium fluoride) and that of Moles and Batuecas 
(action of potassium methyl sulphate on potassium fluoride) and found that the two samples 
had identical critical constants within the error of the experiments. A direct determin- 
ation of the compressibility of methyl fluoride yielded the values 1-0114 at 0° and 1-0087 
at 21°. The latter is essentially identical with the value calculated from their experiments 
with the micro-displacement balance, but the former is much lower than that found by 
Moles and Batuecas from gas density measurements, 1-018. Batuecas (J. Chim. phys., 
1932, 29, 269) discusses the calculation of Patterson, Whytlaw-Gray, and Cawood’s density 
determinations with the micro-balance, and points out that since the methyl fluoride 
employed by Moles and Batuecas possessed a vapour pressure obeying the law log p = 


-- 4 + B, it must have been essentially free from impurity. The Committee feel that 


the preponderance of evidence is in favour of the lower value for fluorine, and see no 
reason at present to alter the value in current use. 

KRYPTON and XENON.—Allen and Moore (J. Amer. Chem. Soc., 1931, 53, 2512) have 
separated krypton and xenon from liquid air residues by means of fractional distillation. 
The average density of the purest krypton fractions, found with a globe of 22 ml. capacity, 
was 3-733, and that of the purest xenon 5-887. Using values calculated by Watson in 
1910 for the compressibilities of these gases, the atomic weights of krypton and xenon are 
found to be 83-6 and 131-4, with an uncertainty of 0-1 unit in each case. These results, 
which agree with the recent results of Aston, Watson, and Whytlaw-Gray, Patterson, 
and Cawood (see report for 1931; J., 1931, 1627), escaped notice by the Committee in pre- 
paring the report for 1931. 

Wild (Phil. Mag., 1931, [7], 12, 41) has compared the values for 1 + a as found (1) 
by extrapolation of high pressure measurements of PV, (2) from low pressure measurements 
of PV, and (3) from gas density determinations. In computing the high pressure values 
the expression PV = A + BP + CP? + DP* was employed. In case of the low pressure 
and density determinations the relation of PV to P is assumed to be linear. 


High Pressure. 


Observer. Hj. N,. O,. He. Ne. 
0°99942 100041 1-:00096 0°99949 0°99959 
Holborn and Otto 0°99938 1:00046 100098 0°99947 0°99952 
Verschoyle 0°99937 1-00049 
0°99939 1:00045 100097 0°99948 0°99956 


Low Pressure. 


Chappuis 0°99942 1-00043 

Gray and Burt 1-00097 

Geneva Lab. 0°99935 100043 1-00086 

Heuse and Otto 0°99942 1-00048 100097 0-99948 0°99953 


Average 099940 1:00045 1-00093 0°99948 0°99953 


Density. 
Baxter and Starkweather 100040 1-00093 0°99941 
Final Mean 0°99939 1-00044 1-00094 0°99948 0°99951 


CHEMICAL METHODS. 


Johnson (J. Physical Chem., 1931, 35, 540, 830, 2237, 2581; 1932, 36, 1942) claims that 
the equal opalescence method of titrating halogen compounds with silver is insensitive and 
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gives erroneous results, and that the silver halide is probably contaminated with adsorption 
products. A new method of finding the end-point is proposed, by comparing the test 
solution with standard solutions of the reactants containing known amounts of silver and 
halide. 

PotassiumM.—Heller and Wagner (Z. anorg. Chem., 1932, 206, 152) were unable to detect 
by analysis of potassium chloride from plant sources any concentration of the higher isotope 
of potassium. This confirms their previous finding (zbid., 1931, 200, 105). 

LANTHANUM.—Baxter and Behrens (J. Amer. Chem. Soc., 1932, 54, 591) have deter- 
mined the atomic weight of lanthanum by analysis of lanthanum bromide. Lanthanum 
ammonium nitrate which had already been brought to a high state of purity in an earlier 
investigation was subjected to thirty series of fractional crystallisations. After conversion 
into bromide this salt was carefully dehydrated in a current of dry nitrogen and hydrogen 
bromide in such a way that melting of the hydrate was avoided, and the salt was finally 
fused in an atmosphere of pure hydrogen bromide. After being weighed, the salt was 
dissolved and compared with silver in the conventional way, and finally the silver bromide 
was collected and weighed. The following table gives weights corrected to vacuum. The 
fractions of lanthanum are numbered in the order of increasing solubility of the double 
nitrate, No. 371 representing the head fraction of the last series of crystallisations. 


The Atomic Weight of Lanthanum. 


Wt. of Wt. of Ratio At. Wt. Wt. of Ratio At. Wt. 
Fract. LaBrs. Ag. LaBr, : 3Ag. of La. AgBr. LaBr,: 3AgBr. of La. 


376 401090 3°42801 1170037 138-923 5°96743 0°672132 138-923 
379 5°19186 4°43727 1°170057 138-929 7°72475 0°672107 138-909 
372 6°57727 5°62133 1°170056 138-929 9°78548 0°672146 138-931 
371 6°38414 5°45612 1170088 138°939 9°49843 0°672126 138-920 
372 6°91830 5°91287 1°170061 138°931  10°29285 0°672146 138°931 
371 6°19359  5°29339 1170041 138°924 


Average 1170057 138-929 0°672131 138-923 


The average value of the two methods, 138-926, is slightly higher than the value 
previously found by Baxter, Tani, and Chapin, corrected for a new determination of the 
density of lanthanum chloride, 138-916. The average, 138-92, is probably nearer the truth 
than that recently given in the International Table. The atomic weight of lanthanum is 
therefore changed in the table from 138-90 to 138-92. 

THALLIUM.—Briscoe, Kikuchi, and Peel (Proc. Roy. Soc., 1931, A, 133, 440) have 
redetermined the atomic weight of thallium by comparison of the chloride with silver. 
The processes of purification consisted in repeated crystallisation of thallous sulphate and 
chloride, prepared from (A) English thallium of unknown origin and (B) German thallium 
obtained from Westphalian pyrites. The novel feature of the investigation lies in the 
method of titrating the chloride with silver. A few milligrams (2—3) excess of silver were 
added in every case to the thallous chloride solution and, after standing and settling, the 
supernatant solution (6—7 litres) was decanted, evaporated to small bulk, and the silver 
content estimated by titration with N/1000-thiocyanate. Vacuum weights are given in 
the following table. 


The Atomic Weight of Thallium. 


Wt. of Wt. of At. Wt. Wt. of Wt. of At. Wt. 
TICl. Ag. TIC] : Ag. of Tl. TICl. Ag. TICI: Ag. of Tl. 


English (preliminary series). English A. 
2°41969 1:08861 2°22273 204°33 10:04965 452210 2°22234 204°29 
4°97940 2°24057 2°22234 204:29 11°55090 5°19723 2°22251 204°31 
4°90541 2°20686 2°22280 204°34 10°60756 4:°77211 2°22282 204°34 
4°90351 2°20608 2°22272 204°33 9°91726 4:46146 2°22288 204°35 
4°90391 2°20615 2°22283 204°34 9°53722 4:29023 2°22300 204°36 
6°27962 2°82533 2°22261 204°32 11°88154 5°34523 2°22283 204°34 


Average 204°33 Average 204:33 
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Wt. of Wt. of At. Wt. Wt. of Wt. of At. Wt. 
TICl. Ag. TICI: Ag. of Tl. TIC. Ag. TIC1: Ag. of TI. 
German. English B. 


5°05837 2°27554 2°22293 204°35 9°49327 427091 2°22277 204°34 
5°25891 2°86607 2°22264 204-32 9°91925 4°46205 2°22302 204°36 
9°53621 4°28987 2°22296 204°35 10°43230 4°69329 2°22281 204°34 
10°01985 4:50788 2°22274 204°33 1006308 4:52668 2°22305 204°36 
7°25159 3°26254 2°22268 204°33 9°07037 408074 2°22272 204°33 


Average 204°34 Average 204°35 
Average of all 204°34 


Exception may be taken to the analytical method, which was adopted because of 
alleged uncertainty in the conventional nephelometric method of comparison. The large 
bulk of supernatant liquid and washings must have contained many milligrams of dissolved 
silver chloride, since the excess of silver used was very small. The ultimate fate of this 
silver chloride is difficult to guess, but it is hard to believe that the titration of the excess 
of silver was not seriously affected by it, especially in view of the well-known disturbance 
of the thiocyanate titration of silver in the presence of silver chloride. In fact, it is hard 
to understand why the excess of silver in the individual experiments was so small as actually 
found. The effect of this difficulty would be, however, to raise rather than lower the atomic 
weight of thallium, so that it is surprising that the atomic weight found is lower rather than 
higher than that recently found by Hénigschmid, 204-39. 

One experiment in which the nephelometric method was used showed erratic behaviour, 
the final result for the atomic weight of thallium being 204-43. 

The ratio of thallium to thallous nitrate was also determined. Buttons of fused 
electrolytic thallium were polished with chamois, fused in hydrogen, and bottled in nitrogen 
for weighing. Solution in nitric acid, followed by repeated evaporation with oxalic acid 
and fusion of the residue, failed to give a product of constant weight, so that the authors 
consider the method (Crookes) unreliable. The results of two experiments are given in 
which the final weight of thallous nitrate is employed. 


Tl. TINOs. At. Wt. of Tl. 


12°08412 15°74910 204°42 
12°33736 16°07846 204°46 


The results of both methods seem of doubtful value. 

SELENIUM AND TELLURIUM.—Honigschmid (Naturwiss., 1932, 20, 659) publishes, in 
a preliminary communication, his new results relative to the atomic weights of selenium 
and tellurium. 

A quantitative synthesis of silver selenide, Ag,Se, obtained by heating pure silver in 
the vapour of selenium and brought to constant weight in vacuum, has given, as an average 
of eleven determinations, Se = 78-962 + 0-002, a value which agrees perfectly with that 
calculated by Aston from mass spectra. 

As the analogous synthesis of silver telluride offers difficulties as a consequence of the 
low stability of this compound when heated, Hénigschmid has carried out the analysis of 
tellurium tetrabromide and has obtained as an average Te = 127-587 +. 0-019. In fact, 
this value agrees badly with that calculated by Aston (128-03; see last year’s report), 
but very well with the value 127-58, calculated recently by Bainbridge from the consider- 
ation of the new isotopes described by him (see the present report, page 360). 

On this subject Hénigschmid points out that Aston himself approves the result of 
Bainbridge, and considers that the mass spectrum which he himself has studied is 
incomplete. 

IopINE.—H6nigschmid and Striebel (Z. anorg. Chem., 1932, 208, 53) have continued 
their experiments on the conversion of silver iodide into silver chloride, with precipitated 
silver iodide, instead of material synthesised from the elements previously used. 

Iodine was three times distilled from iodide solutions prepared from similar iodine and 
was sublimed in an oxygen current over red-hot platinum. From this iodine hydriodic 
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acid was prepared by direct synthesis with hydrogen, and after solution in water this acid 
was distilled. 

Sample A of silver iodide was precipitated by adding an excess of 0-04N-hydriodic 
acid solution to an acid solution (0-04N) of the purest silver. Sample B was precipitated 
in ammoniacal solution, and then an excess of nitric acid was added.. Sample C was 
prepared by adding 0-03N-ammoniacal silver nitrate to an excess of 0-03N-ammoniacal 
ammonium iodide. Sample D resulted from adding an excess of 0-16N-silver nitrate to 
0-16N-hydriodic acid. 

After washing and drying, the silver iodide was fused in an air current containing free 
iodine and then in pure air in a weighed quartz tube, and weighed. Then the silver iodide 
was converted into silver chloride by heating in a chlorine current at gradually increasing 
temperatures up to fusion. Proof was secured that the iodide did not retain iodine and 
that the conversion was complete. Vacuum weights are given. 


The Atomic Weight of Iodine. 


Sample. Wt. of AgI. Wt. of AgCl. Ratio AgI : AgCl. At. Wt. of I. 


14°41889 8°80228 1-638085 126-918 
10°61180 6°47828 1638058 126-914 
13°61047 8°30885 1638070 126-916 
17°91554 10°93678 1638100 126-920 
14°11519 8°61962 1°638078 126°917 
14°03900 8°57050 1638061 126°915 
13°39032 8°17448 1-638064 126°915 
11°47497 7°00511 1638085 126-918 
13°49506 8°23839 1638070 126-916 
14°36421 8°76879 1638106 126-921 
10°72744 6°54879 1638080 126-917 

8°42456 5°14298 1638069 126-916 
14°91865 9°10741 1638078 126-917 
12°57197 7°67526 1638080 126°918 

8°28549 5°05809 1638067 126-916 
13°95958 8°52190 1638083 126°918 

9°21692 5°62671 1°638066 126°916 


Average 1°638076 126-917 


A 
A 
A 
B 
A 
A 
A 
B 
B 
B 
Cc 
C 
D 
D 
D 
Cc 
Cc 


In view of the concordance of this result and the earlier one of Hénigschmid and 
Striebel (see report for 1931), the atomic weight of iodine is changed in the table from 
126-932 to 126-92. 


ATOMIC WEIGHTS FROM ISOTOPES. 


A comprehensive report of the German Chemical Society by Hahn (Ber., 1932, 65, A, 1) 
covers the year 1931. 

The question of the conversion factor from the physical to the chemical scale still seems 
to be unsettled. Birge and Menzel (Physical Rev., 1931, 37, 1669) prefer the Mecke and 
Childs value 1-00022 to that of Babcock and Naudé, 1-00012. Aston (Naiure, 1932, 130, 
21) has been successful in photographing the lines of O10?" and O16 O?8 of sufficient intensity 
for comparison with O}°. From the relative intensities 1 : 4 : 1072 the relative abundance of 
017, 018, and O!6 is 0-24 : 1 : 536, a result which seems to support the ratio of O1* to O1* found 
by Mecke and Childs, 1 : 630. Since the accuracy of the mass spectrograph is admittedly 
no greater than 1/10000, and the uncertainty of the conversion factor obviously is as large, 
whilst the measurement of isotopic ratios has inherent uncertainties, the degree of 
precision of the determination of atomic weights from mass spectrographic data still seems 
to be inferior to that of the best chemical methods, although the striking concordance of 
the two methods in most cases is reassuring. 

Recent results obtained by Aston (Proc. Roy. Soc., 1932, A, 134, 571; Nature, 1931, 
128, 221, 725; 1932, 129, 649) with the mass spectroscope are given in the following 
table. The factor used for conversion from the physical to the chemical basis is 
1-000125. 
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Isotopic Weights and Percentages. 
“* Packing 
fraction.”’ At. Wt. 
Lithium 6 7 20 x 10-* 6°928 
83 91-7 17 x 10-* 
Scandium - 45 — 7x 10 44°96 
100 assumed 


Rubidium 85 87 — 82x 10-* 85°43 
75 25 assumed 


Strontium 86 87 — 8 x 10-* 87°64 
10 6°6 assumed 
Cesium 133 — 5x10 132-91 
100 
Barium 135 136 138 — 61x 10* 137°43 
59 8-9 74:2 
Thallium 203 205 1-8 x 10-4 204°41 
70°6 29°4 
Lead (common) 203 204 206 207 #4208 209 210 0—1x10-* 207°19 
(0°04) (1°50) 27°75 20°20 49°55 (0°85) (0°08) 
Lead (Katanga) 206 207 208 0—1-x 10* 206-067 
93°3 6:7 (0-02) 
Lead (Wilber- 206 207 # 208 0—1x10* 206-20 
force, Canada) 859 83 5°8 
Lead (Norwegian 206 207 #4208 0—1x 10-* 207°895 
thorite) 4°6 13 94:1 
Uranium 238 
100 


HypDROGEN.—Urey, Brickwedde, and Murphy (Physical Rev., 1932, [2], 39, 164) by 
spectroscopic examination of the least volatile fractions remaining from the evaporation 
of large quantities of liquid H,, have detected the lines corresponding to the principal 
series of H®. Examination of the spectrum of ordinary hydrogen indicated the proportion 
to be approximately 1 in 4000. Bainbridge (Physical Rev., 1932, 41, 115) finds the mass 


of H? to be 2-01353, assuming He = 4-00216 and H! = 1-00778. The atomic weight of 
hydrogen is therefore slightly higher than the value for H? found by Aston. 

Boron.—Elliott (Z. Physik, 1931, 67, 75) by a study of the band spectrum of boron 
monoxide finds the isotopic relationship 3-63 and the atomic weight 10-794. 

Lituium, SopiuM, Potassium, CastumM.—Bainbridge (J. Franklin Inst., 1931, 212, 
317), using a Dempster mass-spectrograph, finds the ratio of the abundance of the lithium 
isotopes to be independent of the temperature of the source of the ions. The abundance 
ratio was determined in three experiments to be 10-75, 11-28, and 11-51, average 11-18, 
whilst Aston finds the ratio 11. 

Van Wijk and van Koeveringe (Proc. Roy. Soc., 1931, A, 132, 98) and Nakamura 
(Nature, 1931, 128, 759) from a study of band spectra find a low value for the isotopic ratio 
of Li’ to Li®, and the corresponding atomic weight 6-89. 

Sodium was found to contain less than 1/3000 of Na! or Na® and less than 1/800 of 
Na”, if any, whilst potassium was found to be free from more than 1/1500 of K*, 1/600 of 
K*, and 1/300 of K® referred to K®®, 

Bainbridge (Physical Rev., 1930, 36, 1668) supports Aston’s conclusion that the cesium 
mass spectrum is simple. The discrepancy between the atomic weights determined by 
chemical and physical methods is far larger than the apparent error of either. 

Z1nc.—The mass spectrum of zinc (Bainbridge, Physical Rev., 1932, 39, 847) obtained 
with a new form of discharge tube which avoids the presence of zinc hydrides gave no 
evidence of the isotopes Zn® and Zn® reported by Aston. The atomic weight recalculated 
from Aston’s ratios, assuming the relation of the metallic line to the corresponding hydride 
to be that of the lines 64 and 65 in Aston’s spectra, is found to be 65-33, with the conversion 
factor 1-00022. 

TELLURIUM.—Additional isotopes of tellurium (Bainbridge, Physical Rev., 1932, 39, 
1021) of mass numbers 122, 123, 124 (and 127?) were discovered, the mass numbers and 
percentages of the complete spectrum being as follows : 





Atomic Weights of the International Union of Chemistry. 361 


122 123 124 125 126 127 128 130 
2°9 16 4°5 6 19:0 ? 32°8 33°1 
With Aston’s packing fraction, — 5 x 10~, and the conversion factor 1-00022 the atomic 
weight of tellurium is calculated to be 127-58, a value in much closer agreement with the 
chemical value than Aston’s, 128-03. 


G. P. BAXTER, Chairman. 
Mme. P. CurIE. P. LEBEAU. 
O. HONIGSCHMID. R. J. MEYER. 





ATOMIC WEIGHTS, 1933. 


At. 
No. At. wt. 


Aluminium 13 26-97 
Antimony 51 121-76 
Argon 18 39-944 
Arsenic 33 74-93 
Barium 56 137-36 (Columbium) 
Beryllium 4 9-02 Nitrogen 
Bismuth i 83 209-00 
Boron 5 10-82 
Bromine 35 79-916 Palladium 
Cadmium 48 112-41 Phosphorus 
55 =: 132-81 Platinum 
Calcium 20 40-08 Potassium 
Carbon 6 12-00 Praseodymium 
Cerium 58 140-13 
Chlorine 17 35°457 
Chromium 24 52-01 
Cobalt 27 58-94 
Copper 29 63-57 Rubidium 
Dysprosium 66 162-46 Ruthenium 
Erbium 68 167-64 
Europium 63 152-0 
Fluorine 9 19-00 Selenium 
Gadolinium 64 157°3 Silicon 
Gallium 3l 69-72 i 
Germanium 32 72-60 
Gold 79 197-2 
Hafnium 72 178-6 
2 4-002 Tantalum 
67 163-5 Tellurium 
Hydrogen 1 10078 Terbium 
49 114-8 i 
53 =: 126-92 
Iridium 77 193-1 
Iron 26 55-84 
Krypton 36 = 83-7 
Lanthanum 57 138-92 Tungsten 
Lead 82 207-22 Uranium 
i 3 6-940 Vanadium 
Lutecium 71 175-0 Xenon 
Magnesium 12 = 24-32 Ytterbium 
Manganese 25 54-93 Yttrium 
Mercury 80 200-61 Zinc 
Molybdenum 42 96-0 Zirconium 





BB 





362 Reformatsky Reaction with Compounds of the Ethylene Oxide Type. 


97.—The Reformatsky Reaction with Compounds of the Ethylene 
Oxide Type. 


By G. R. CLEmMo and J. ORMSTON. 


IN a previous paper (J., 1932, 1778), we investigated the course of the Reformatsky reaction 
on cyclohexene oxide, using ethyl bromoacetate, and stated that possibly the oxide first 
isomerised to give cyclopentane aldehyde, which then reacted to give ethyl $-hydroxy-f- 
cyclopentylpropionate (I). 


CH, CH, CH, 
OH 


H,C(- \CH—CH-X HC wit H,C/” \CH-X Hc’ \c-< 
H,c_—IcH, OH H,c__lcx, H,c__ICH-OH —-H,CL_ _CH, 
(I.) (II.) (III.) (IV.) 


(X = CH,:CO,Et.) 


This has now been found to be the case. cycloPentane aldehyde was prepared according to 
the method of Bedos (Compt. rend., 1929, 189, 255), who, however, gives no experimental 
details. The Reformatsky reaction with the aldehyde gave (I) as an oil which readily formed 
a hydrazide, m. p. 154°, identical with that obtained from cyclohexene oxide. 

It was clearly of interest to repeat the work, cyclopentene oxide being used. If this 
reaction were analogous to the previous one, the product would be the cyclobutane deriv- 
ative (II), but it seemed more probable, however, that the reaction would either give (III) 
or that the cyclopentene oxide would first isomerise in the course of the reaction to cyclo- 
pentanone and then give ultimately ethyl cyclopentan-l-ol-l-acetate (IV). The latter 
alternative has been found to be correct, since when either cyclopentene oxide or cyclo- 
pentanone is treated with zinc and bromoacetic ester the resulting ester (IV) gives in both 
cases the same crystalline hydrazide, m. p. 143°. 














cycloPentane Aldehyde.—12 G. of cyclohexene oxide were added to magnesium bromide 
etherate prepared from Mg (3 g.), Br (20 g.), and Et,O (200 c.c.) according to the method of 
Menschutkin (Z. anorg. Chem., 1906, 49, 34). It was necessary to cool the reaction flask. The 
whole was then kept over-night, the Et,O removed, and to the cooled residue H,O was cautiously 
added. The dark-coloured upper layer was extracted with Et,O and to the ethereal solution 
sat. NaHSO, aq. was added. After 12 hr., the bisulphite compound was collected, added to 
K,CO, aq. and, after 2 hr., steam-distilled. The cyclopentane aldehyde (2-5 g., b. p. 135°) was 
obtained from the distillate in the usual way and gave a cryst. semicarbazone, m. p. 123° 
(Found: C, 54:3; H, 8-3. Calc. for C,H,,ON,: C, 54:2; H, 8-4%). 

Ethyl $-Hydroxy-B-cyclopentylpropionate (1).—cycloPentane aldehyde (2 g.), ethyl bromo- 
acetate (4:5 g.), and Zn wool (2 g.) in dry C,H, (15 c.c.) were heated on the water-bath for 3 hr. 
The usual method of working up (cf. J., 1932, 1782) gave the ester (I) (3-25 g.), b. p. 117°/14 mm. 
(Found: C, 64:5; H, 9:2. C,,H,,O,; requires C, 64-5; H, 9-7%). The ester, mixed with 
hydrazine hydrate (90—95%), gave a hydrazide, ueedles from H,O, m. p. 154° alone or mixed 
with the hydrazide of the product of the Reformatsky reaction on cyclohexene oxide (Found : 
C, 56-2; H, 9-15; N, 16-25. C,H,,O0,N, requires C, 55-8; H, 9-3; N, 163%). 

The Action of Zinc and Ethyl Bromoacetate on cycloPentene Oxide.—The oxide (2 g.), made in 
the same way as cyclohexene oxide (‘‘ Organic Syntheses,’ Vol. 5, p. 35), bromoacetic ester 
(4:5 g.), and Zn wool (2 g.) in C,H, (15 c.c.) were heated for 3 hr. on the water-bath. The 
usual method of working up yielded a sweet-smelling ester (1 g.), b. p. 108°/18 mm. (Found: C, 
63-25; H,9-1. Calc. for CgH,,0,: C, 62-8; H, 9-3%), which gave a hydrazide, shining platelets 
from EtOAc, m. p. 143° (Found: C, 52-8; H, 8-8. C,H,,0,N, requires C, 53-2; H, 8-9%). 

Ethyl cycloPentan-1-ol-1-acetate (IV).—The reaction was carried out as just described, except 
that cyclopentanone (2 g.) was used instead of cyclopentene oxide. The usual method of working 
up gave ethyl cyclopentan-1l-ol-l-acetate, b. p. 108°/18 mm., which with hydrazine hydrate 
gave a hydrazide, m. p. 143°, identical with that obtained above. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, March ist, 1933.] 
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98. The Catalytic Decomposition of Nitroso-B-alkylamino-ketones. Part 
I. A New Method of preparing Diazomethane, and Evidence of the 
Occurrence of Diazotisation in the Aliphatic Series. 


By E. C. S. Jones and J. KENNER. 


THE importance of the tendency of nitroso-compounds to pass into oximino-derivatives 
having been illustrated in previous papers (J., 1928, 2697; 1930, 919), it appeared that the 
first stage of the catalytic decomposition of nitrosotriacetoneamine (I) by hydroxyl ions 
(Heintze, Annalen, 1877, 187, 250; Francis and collaborators, J., 1912, 101, 2356; 1913, 
103, 1722; 1915, 107, 1651, 1673) might supply a further instance of this kind: 


CH,*CMe, CH,—CMe, CH:CMe, 
co NNO —»> CO Sieen waa: e 
(1) \CH,*CMe, \cH:cMe, N-NOH \CHiCMe, 
The reaction would thus be formally analogous to the decomposition of chromanones 
by alkali, as exemplified by butin (II) (Perkin and Hummel, J., 1904, 85, 1463) and 
rotenone (Butenandt, Annalen, 1932, 494, 17) : 


ia OH | z OH 
Pa, OH 
(1) HO cH—< oH °$ ~ , CH-< OH +H,0 
o/’CH 


\co/CHg Cc 


In each case the determining factor is considered to be the tendency of the oxygen atom 
to acquire more complete control of its octet. 

In order to test this hypothesis, we have in the first place examined the behaviour of - 
open-chain nitroso-derivatives derived from the additive products of primary amines with 
mesityl oxide (cf. Hochstetter and Kohn, Monatsh., 1903, 24, 779; 1904, 25, 841) : 


Me,C-CH,°COMe Me,C:CH-COMe 
(IIT.) | ss 4. (IV.) 
R:N-NO R:N:N-OH 


As anticipated, each of the substances investigated underwent catalytic decomposition 
by alkali, and further, the z/vosophenylamino-derivatives (type III) yielded a diazo- 
solution (type IV) from which benzeneazo-8-naphthol was prepared by coupling. This 
corresponds to the similar behaviour of nitrosoacetanilide, described by Bamberger (Ber., 
1897, 30, 366). Similarly, Hantzsch and Lehmann were able to isolate potassium methyl 
diazotate as the primary product of the action of concentrated potassium hydroxide 
solution on nitrosomethylurethane, and to show that diazomethane is only evolved when 
this salt undergoes hydrolytic dissociation (Ber., 1902, 35, 901) : 


+ N, + H,O 


+ — 
EtO-CO-NMe-NO —+> MeN:NOK —+> CH,:N:N + KOH 


In fact, it would appear that the preparation of the gas from the urethane or from nitroso- 
methylurea (cf. Arndt and Amende, Z. angew. Chem., 1930, 48, 444) involves a compromise 
in regard to the concentration of alkali between a speedy preliminary hydrolysis and 
restraint on the second reaction. This, together with the temperature at which the 
reaction is carried out, possibly accounts for the moderate yield (about 45%). These 
difficulties are avoided by the catalytic decomposition of our mztrosomethylamino-derivative 
(type III) at a low temperature and we have obtained upwards of an 80% yield in presence 
of sodium isopropoxide. The efficiency of an alkoxide for this purpose is obviously 
dependent on the relative acidities of the nitroso-ketone and ‘of the alcohol in question, 
and the comparative experimental results illustrate very clearly the importance of this 
factor. Repression of decomposition by excess of alkali also occurs in this case as in those 
first disChssed, and in that of nitrosotriacetonamine (Francis, Joc. cit.). 

It is thus clear that the nitrosoalkylamino/sobutyl methyl ketones (III) afford a source 
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from which aliphatic diazotates may be generated under the mildest conditions. It would 
be anticipated that their decomposition in aqueous solution would yield alcohols, and the 
catalytic formation of phthalide from nitrosophthalimidine in presence of alkali (Graebe, 
Ber., 1884, 17, 2598; Annalen, 1888, 247, 288; Briick, Ber., 1901, 34, 2746) is an illustration 


of this: 
CH, 


AH N:NOH | 
N'NO +10 ie ih a ae 
\cooH «oO 


Similarly, ee ee methyl ketone, a stable well-defined crystalline com- 
pound, can be conveniently used for the benzylation of phenols, in the same way as nitroso- 
acid and -sulphonic alkyl amides may be employed for alkylation (cf. D.R.-P. 89843, 
95644, 224388). The matter is of some interest in view of the increasing use of benzyl 
ethers for synthetic purposes (cf. Robinson and collaborators, J., 1928, 1544; 1929, 68; 
1930, 817; 1931, 3163; Douglas and Gulland, J., 1931, 2895). We have also used the 
corresponding methyl derivative directly in place of diazomethane for methylation (cf. 
D.R.-P. 95644; Karrer, Ber., 1916, 49, 2074); but our experience here is similar to that 
noted in the preparation of diazomethane in that, for these purposes also, the most 
suitable proportion of alkali varies with the acidity of the phenol, and must be determined 
in each case. 

Within recent years the barriers between aromatic and aliphatic chemistry have been 
gradually demolished, until in 1929 Wieland, whose own researches in this direction have 
been prominent, declared that the only outstanding point was actual evidence of diazotis- 
ation in the case of primary aliphatic amines, apart from the isolated instances of the 
a-amino-acid esters (Z. angew. Chem., 1929, 42, 904). Nevertheless there has been a 
tendency to assume its occurrence. McKenzie, for instance, has incorporated the idea 
in his views on the course of semipinacolinic deamination (Ber., 1929, 62, 272, 284) and one 
of us has recently indicated its value in relation to the Walden inversion (Nature, 1932, 130, 
309). We have now supplied an experimental basis for the assumption by showing that 
propylene, propyl alcohol, and zsopropyl alcohol all result from the catalytic decomposition 
of nitroso-n-propylaminoisobutyl methyl ketone, as from that of n-propylamine nitrite 
(Linnemann, Annalen, 1872, 161, 3; V. Meyer, Ber., 1876, 9, 535; 1877, 10, 130). 
Similarly olefins are present in the gaseous products from the n-bu/y/ and n-amyl homologues. 

The various modes of decomposition of aliphatic diazo-compounds thus revealed 
correspond broadly to those of quaternary ammonium hydroxides (cf. Ann. Reports, 1930, 
143), though it will be desirable to ascertain whether the Hofmann decomposition can 
also yield a mixture of alcohols. The results illustrate the point that the constitutive 
influences in the alkyl group which have been accorded such prominence in recent dis- 
cussions of this reaction are really subsidiary to the tendency of the nitrogen atom to 
recover its tervalent condition in determining the reaction. 

Assuming that avoidance of excess of hydroxyl ions permits formation of the diazonium 
hydroxide, as in the aromatic series, reaction may proceed according to one or other of 


the following schemes : 
ell (a) II 
[R-CH,CH,— W on < R-CH,-CH,:NINOH > [R-CH,-CH,-NJOH 
; - . ee 
H,O + R-CHyCH!NIN —> N, + R-CH,CH, R-CH:CH, + N, + H,O 
» | 4 On~ ‘ 


@ ¥ | 
R-CH(OH)CH, <— R-CH-CH, R-CH,°CH,-OH 


Clearly (a) alone is applicable to the nitrosomethylamino-ketone. Lengthening of the 
carbon chain in the homologues might be expected to favour (b) at the expense of (a), 
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but the occurrence of the latter is indicated by the almost complete absence of ethylene 
from the products of decomposition of the ethyl derivative, and similarly the proportion 
of olefin from the propyl and butyl derivatives is much less than in the normal Hofmann 
decomposition. Further, there are already statements in the literature in regard to the 
formation of some of the homologues of diazomethane (v. Pechmann, Ber., 1898, 31, 2643; 
Arndt and Martius, Annalen, 1932, 499, 278; Nirdlinger and Acree, Amer. Chem. J., 1910, 
43, 380; cf. Werner, J., 1919, 115, 1101). In a future paper we hope to contribute a 
study of the properties of these compounds, which our improved method of preparation 
renders more feasible. The behaviour of «-amino-acid esters towards nitrous acid accords 
with the above schemes, there being a greater tendency to formation of hydroxy- rather 
than of diazo-acid esters from the homologues of glycine ester (Curtius and Miiller, Ber., 
1904, 37, 1263). 

The formation of olefins in the above instances corresponds to the second stage in the 
decomposition of nitrosotriacetonamine: and to the formation of acetylene by the catalytic 
decomposition of nitroso-oxazolone (V) in presence of alkali (Gabriel, Ber., 1905, 38, 2410) : 


CH,—CH, CH,—-CH, CH:CH 


(v.) | NNO ose | +N, + 2H,0 
o—C 0-co-oH ‘N-NOH i Oe 


The production of secondary alcohols from primary amines is presumably a result of 
the Meerwein rearrangement of cations. Striking instances of this kind are already on 
record (Tissier, Compt. rend., 1891, 112, 1065; Henry, zbid., 1907, 145, 899; Freund and 
Levene, Ber., 1891, 24, 2151; Noyes and Skinner, J. Amer. Chem. Soc., 1917, 39, 2692), 
and the familiar work of Demjanow on the enlargement of alicyclic ring structures also 
falls within this category (J. Russ. Phys. Chem. Soc., 1903, 35, 26; 1904, 36, 166; Ber., - 
1907, 40, 2589). Similarly it does not appear previously to have been emphasised that 
the formation of secondary as well as normal products when m-alkyl halides are employed 
in the Friedel-Crafts reaction must be accepted as evidence that the course of the latter 
involves a cationic condition of the alkyl radical. The recent measurements of Wohl and 
Wertyporoch (Ber., 1931, 64, 1362) are in agreement with this suggestion. 

Our nitroso-derivatives also suffer decomposition in presence of concentrated mineral 
acid, owing to salt formation at the aminic nitrogen atom, and the nitrogen evolved is 
accompanied by a considerable proportion of olefin. We were unable, however, to 
develop the reaction as a satisfactory alternative to the exhaustive methylation process 
for the degradation of amines, and the yields of ethylene obtained in a series of experiments 
under various conditions did not attain 40%. This is due to an alternative course of the 
reaction, which results in the formation of amine hydrochloride, and alone occurs in a 
non-dissociating solvent, e.g., with ethereal hydrogen chloride : 


Me,C-CH,*COMe FP Me,C-CH,*COMe Me,C-CH,°COMe 

—_ 
=: 
Me,C*CH,°COMe Me,C:CH:COMe Me,C:CH:COMe 


+ ap +> + + + 
R-CH,°CH,"NH, + NOCI R-CH,°CH,"NH, N, + H,O +H 
(VI.) 


+ —— ” 1+ 
R-CH,"CH,*-NH:NO R°CH.CH, + NH,*NO 


R-CH,°CH,"N:-NO 


Under the latter conditions, for example, the hydrochloride of the ethylamino-base (VI) 
was isolated and no gas evolution took place. 


EXPERIMENTAL. 


Nitroso-8-alkylaminoisobutyl Methyl Ketones—When mesityl oxide (1 mol.) was added to 
a mixture of an aliphatic amine (1 mol.) with twice its wt. of H,O, the whole rapidly became 
homogeneous and some heat was evolved. After 1 hr., the mixture was just acidified at 0° 
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with HCl aq. (d 1-16), extracted with Et,O to remove any mesityl oxide, and treated at 0° with 
NaNO, (1 mol. in its own wt. of H,O). When no further formation of oil seemed to occur, 
NaNO, (1 mol.) was again added, and the mixture gradually treated at 0° with 5N-HCI (1 mol.). 
Finally an ethereal extract of the nitroso-compound was washed twice with ice-water and 
dried over CaCl,. In every case the yield after distillation at the press. indicated in the table was 
good. 


Alkyl N required, Alkyl N required, 
group. B. p. N found. %. group. B. p. N found. 
Me 111°/0°8 mm. 17°9 17°7 n-Bu 127°/0°6 mm. = 14°06 
Et 114°/0°5 mm. 16°61 16°3 n-C;5H,, 127°/03 mm. 13°38 13-08 
n-Pr 120°/1 mm. 15°05 15°05 


These compounds decompose with formation of olefins when heated. so that their analysis 
requires corresponding care. 

8-Benzylaminoisobutyl methyl ketone was isolated in the form of its hydrochloride, which 
crystallised from alcohol in silky needles (Found: N, 6-0. C,,;H,gON,HCl requires N, 5-8%). 
The nitroso-derivative, well-defined transparent needles, m. p. 85—86° (Found: N, 12-0. 
C,3H,,0O,N, requires N, 12-0%), was moderately sol. in hot EtOH or Et,O and sparingly in 
C,H, or ligroin. 

8-Arylaminoisobutyl Methyl Ketones.—A mixture of mesityl oxide (0-1 mol.) with aromatic 
amine (0-1 mol.) was kept at 40—50° for 5 days, and then at 0° rendered just acid with conc. 
HCl. After extraction with Et,O, and treatment with NaOH aq., the mixture of bases was 
extracted with Et,O and dried. The yields of 8-arylaminoisobutyl methyl ketone finally 
isolated by distillation at low press. were about 25% of the theo. amount in each case. The 
corresponding nitrosoamines were prepared by treating the cooled bases successively with 
5N-HCl and 50% NaNO, aq. Finally, to complete the reaction, a further quantity of NaNO, 
aq. was added, followed gradually by an equiv. of 5N-acid. The nitrosoamine was removed 
by Et,O, dried, and isolated in good yield in the cryst. condition. 

Nitroso-8-phenylaminoisobutyl methyl ketone, from the crude secondary base, b. p. 108°/3 mm., 
separated from ligroin in thick sandy prisms, m. p. 59—61° (Found: N, 13-0. C,,H,,O,N, 
requires N, 12-7%). Nitroso-8-m-tolylaminoisobutyl methyl ketone, from the secondary base, 
b. p. 120—128°/35 mm., was obtained in somewhat reddish prisms, m. p. 78° (Found: N, 
12-1. C,,;H,,0,N, requires N, 12-0%). - Nitroso-8-p-tolylaminoisobutyl methyl ketone, from 
the secondary base, b. p. 120—128°/35 mm., formed orange prisms, m. p. 105—108°. From 
each of these, azo-compounds were obtained when the nitroso-derivative and sodium $-naphth- 
oxide (equal mols.) were treated in aq. alc. solution with NaOH (0-1 mol.). The products were 
identified by direct comparison with the authentic arylazo-8-naphthols. 

Decomposition of Nitroso-B-alkylaminoisobutyl Methyl Ketones.—Formation of diazomethane. 
A weighed quantity of nitroso-8-methylaminoisobutyl methyl ketone was treated in ethereal 
solution with a definite amount of sodium alkoxide (0-1 mol.), and the mixture then warmed. 
The distillate, collected in Et,O in a receiver cooled in a freezing mixture, was an ethereal 
solution of diazomethane, the concn. of which was determined by titration with ethereal 
benzoic acid solution. Diazomethane appeared to be generated only on warming, since the 
first drops of distillate were colourless. 


Nitrosoamine, Ether, Na in alcohol. Yield of 
g. C.c. Sodium. Alcohol. diazomethane, %. 

0-160 10 0°0023 g. 1-0 c.c. ECOH 50 

0°316 20 0°0046 g. 2:0 c.c. EtOH 55 

0°316 40 0°005 g. 2°5 c.c. PreOH 70 

0-316 40 0-058 g. 2-5 c.c. Pr8OH 83°5 

2-0 70 0°04 g. 4:0 c.c. Pr8OH 70 

0°316 40 20 c.c. sec.-butyl alcohol sat. 70 
with Na 

0°316 40 20 c.c. methylpropylcarbinol 75 
sat. with Na 

0°316 20 2°0 c.c. tervt.-butyl alcohol sat. Almost nil 
with Na 


Decomposition of nitrosoamines. A weighed amount of nitroso-compound was placed in a 
50-c.c. flask connected to a CO, generator and, through a small reflux condenser, to a nitro- 
meter charged with KOH aq. (1:1). The apparatus was evacuated and filled with CO,, and 
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alkali or acid introduced from a small tap-funnel; heat was then applied until reaction 
commenced, and afterwards to complete it. The gaseous products were swept into the 
nitrometer in CO,, and olefin was estimated in the gaseous product by absorption with Br 
after transference to a suitable burette. The gaseous products of acid decomp. also contained 
acetone, which, however, was easily removed by means of brine. 


A. Alkaline decomposition. 


Nitroso- Percentage of theo. yield. 
derivative, g. Alkali added. Unsaturated gas. Nitrogen. 
0-2 4:5 c.c. 5% NaOH Nil 100 
0-2 4:5 c.c. 5% NaOH = 100 
0°35 20 c.c. H,O + 3°5 c.c. 24°3 100 
20% NaOH 
0°24 15 c.c. 3°3% NaOH 30°2 100 
0°27 5°0c.c. Pr8OH + 5:0c.c. 26°6 100 
10% NaOH = 5% NaOH 


Alkyl group. 


Examination of the products from the nitroso-n-propylamino-derivative. When the nitroso- 
compound (14 g.) in H,O (100 c.c.) and NaOH (0-3 g.) were mixed, reaction set in immediately. 
After some time the mixture was warmed and finally gently boiled. The gaseous products 
were collected in an aspirator, from which they were later slowly passed through Br and H,O 
in a ‘‘ Wohler ”’ tube cooled in ice-water. In this way 2-0 g. of pure propylene dibromide were 
obtained, b. p. 141° (Found: Br, 78-9. Calc.: Br, 79-1%). 

The alkaline liquor was saturated with K,CO, and extracted with Et,0. The ethereal 
solution, dried with K,CO, and fractionated, yielded 3-4 g. of liquid, b. p. 80—110°. From 
this, by refractionation, 1-1 g., b. p. 80—83°, and 1-3 g., b. p. 883—100°, were separated. 

The former fraction was essentially isopropyl alcohol and furnished a p-nitrobenzoate, m. p. 
108—110° alone or mixed with authentic isopropyl p-nitrobenzoate. Refractionation of the 
portion, b. p. 83—100°, provided 0-8 g., b. p. 92—98°, from which u-propyl p-nitrobenzoate, 
m. p. and mixed m. p. 35°, was prepared. 

In a similar expt., ”-propyl alcohol was also identified through its p-nitrobenzyl phthalate, 
m. p. 50—53° (Reid, J. Amer. Chem. Soc., 1917, 39, 1251), but this procedure did not prove 
satisfactory for identification of isopropyl alcohol. 


B. Acid decomposition. 


Alkyl. Nitroso- ory Percentage of theo. yield. 


group. derivative, g. Unsaturated gas. Nitrogen. 
Ethyl 0°295 4°5 c.c. HCl (d 1°16) 39 100 
0°3625 5 c.c. 66% H,SO, 38 100 
0°360 Ethereal HCl No gas evolved. Crystals deposited, m. p. 
135—140°, which did not depress the m. p. of 
authentic f-ethylaminoisobutyl methyl ketone 
hydrochloride, m. p. 140°. Ether solution turned 
moistened starch-iodide paper blue. Crystals 
dissolved in H,O, and when boiled with NaOH 
gave characteristic smell of ethylamine and of 
mesityl oxide. 
>.c. HCl (d 1°16) 54 96:1 


.c. HCl (@ 1°16) 


.c. formic acid 


20 
36 
28 


90 
82 
91 


Cc 
Cc 
.c. HCl (1°3N) 
c 
Cc 


31 67 
No NO, but amine produced, identified as 
n-amylammonium chloride, m. p. 225° (mixed m. p. 
gave no depression). 


.c. HCl (3°3N) 


Identification of ethylene from the nitrosoethylamino-ketone. The gas obtained by decomposing 
the ketone (9-75 g.) with HCl aq. (20 c.c., d 1-16) was passed slawly through bromine water. 
The resultant ethylene dibromide (2-0 c.c.), b. p. 131°, m. p. 8°, was identified by condensation 
with phthalimide; the product had m. p. 232°, alone or mixed with authentic 1 : 2-diphthal- 
iminoethane (Gabriel, Bey., 1887, 20, 2225). 

Alkylation Experiments——The following table of representative expts. is sufficiently 
explanatory. In each case the identity of the alkylation product was established by direct 
comparison with authentic material. All the expts. were performed at the ordinary temp. 
unless otherwise stated. 
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Methylation. 
Nitroso- 
compound, g. Phenol, g. Alcohol. Water. Alkali. Yield, %. 
0°8 B-Naphthol, 0°72 — 10 c.c. 0-1 g. NaOH 90 
0°8 p-Nitrophenol, 0°7 — 10 c.c. 0:2 g. NaOH 79 
08 Morphine hydrochloride, 1°7 — 10 c.c. 0°3 g. NaOH 44 
Warmed—vigorous reaction. 
0°8 B-Naphthol, 0°7 Fused, added 2—3 drops 20% NaOH, re- 
moved mesityl oxide at pump. 


Ethylation. 
p-Nitrophenol, 0°7 5 c.c. Sez. 0:3 g. NaOH 


Benzylation. 
B-Naphthol, 0°62 10 c.c. 0°5 c.c. 0°1 g. NaOH 
2°8 25 c.c. (2°3 c.c. isopropyl 0°023 g. 32* 
isopropyl Na) 
- 0°72 “= 11 c.c. 0:2 g. NaOH Nil ¢ 
0°72 Fused, added 2 drops 20% NaOH; heated 70 
till reaction ceased. Removed mesityl 
oxide at pump. 


Duration of expt.: * 2 days, t ca. 20 min. 


Grateful acknowledgment is made of a research grant from Imperial Chemical Industries, 
Ltd. 
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99. Anthoxanthins. Part XIV. w-Hydroxyphloracetophenone and 
Certain Derivatives. Synthesis of Galangin under Milder Conditions 
than those used heretofore. 


By J. J. CHAVAN and ROBERT ROBINSON. 


In order to extend the synthesis of flavonols described in this series of memoirs to the 
preparation of glucosides it is desirable (a) to devise a method of preparation of w-glucosid- 
oxyphloracetophenone and (4) to find conditions for the construction of the pyrone ring 
at a lower temperature than must now be employed in the melt with anhydrides of aromatic 
acids. 

We have not yet succeeded in attempts to prepare the w-hydroxy-2 : 4 : 6-triacetoxy- 
acetophenone required for (a), but useful preliminary steps have been taken. On the 
other hand it has been found possible to dehydrate w : 2 : 4 : 6-tetrabenzoyloxyacetophenone 
(I) by means of potassium acetate in boiling alcoholic solution, or, better, by means of 
boiling acetic anhydride in presence of sodium acetate. The product furnished galangin 
(II) on hydrolysis. 


O O O 
BzO/ \“ \COPh BzO CPh HO Ph 
CH,-OBz ~~ 90: — C0: 
Bz) Oo Bz O HO €0 
) 


(I.) (II. 


This is not an improved synthesis of galangin itself (cf. Kalff and Robinson, J., 1925, 127, 
1972; Heap and Robinson, J., 1926, 2336, for better methods), but, unlike the older 
processes, it serves as amodel fora flavonol-3-glucoside synthesis which it is hoped to realise. 


@: 2:4: 6-Tetrabenzoyloxyacetophenone (I).—In the prepn. of benzoyloxyacetonitrile (Aloy 
and Raboux, Bull. Soc. chim., 1913, 18, 457; Heap and Robinson, Joc. cit.), it is essential to 
introduce the PhCOCI slowly with vigorous stirring below 15° and to use an excess of KCN so 
as to preserve an alkaline reaction. 40% CH,O aq. (60c.c.), KCN (28 g.), and PhCOCI (35-7 c.c.) 





co ee, ee 


a" 


'w-Hydroxyphloracetophenone and Certain Derivatives. 369 


gave 23-5 g., b. p. 150—160°/13 mm., which solidified completely, m. p. 26° (lit., 27°). By the 
method of Heap and Robinson (loc. cit.) 10 g. of PhCO-O-CH,°CN, on condensation with phloro- 
glucinol, furnished 20 g. of ketimine hydrochloride and 16 g. of pure w-benzoyloxyphloraceto- 
phenone. The substance, m. p. 235°, is readily sol. in most org. solvents but sparingly sol. 
even in hot H,O. PhCOCI (10 c.c.) was added drop-wise to w-benzoyloxyphloracetophenone 
(5 g.) in dry C;sH,N (40 c.c.) kept at — 5°. After 3 hr. in the freezing mixture the product was 
added to very dil. H,SO,, and the solid isolated, dried, and washed with Et,O in order to remove 
PhCO,H (yield, 10 g. or 96%). It crystallised from EtOH (forming about a 1% solution in 
the boiling solvent) in fine colourless needles, m. p. 142-5° (Found: C, 71-8; H, 4-1; M, in C,Hg, 
610. C3gH,,O, requires C, 72-0; H, 4.0%; M, 600). This derivative is very sparingly sol. in most 
solvents and it gives no colour reaction with ferric salts. 

An attempt to prepare a monobenzoyl derivative of w-benzoyloxyphloracetophenone by 
limiting the amount of PhCOCl employed led to the formation of the fully benzoylated ketone 
only. 

Galangin (II).—A mixture of the tetrabenzoate (1 g.), dry KOAc (5 g.), and EtOH (25 c.c.) 
was refluxed for 10 hr. (and in other expts. for shorter periods) and examination of the fluores- 
cent properties of H,SO, solutions showed that galangin derivatives were produced. The 
isolation of O-tribenzoylgalangin involved a tedious fractional crystn. from EtOH in order to 
separate it from unchanged material. The pure substance (yield, 0-1 g. from 5-0 g.) formed 
nearly colourless needles, m. p. 177° (Found: C, 74:1; H, 4:0. C3gH,.O, requires C, 74-2; 
H, 3-8%). The solution in conc. H,SO, fluoresces bright blue. 

A better method is the following and it appears that an aroyl group will not be displaced 
by acetoxy] if it is already joined to oxygen atoms in positions 2 and 6 of the phloracetophenone 
molecule. The danger is indicated by the observation of Kalff and Robinson (J., 1925, 127, 
1972), who obtained a 2-methylchromone derivative in the attempted o-acetoxybenzoylation 
of w-methoxyphloracetophenone. 

A mixture of w : 2: 4: 6-tetrabenzoyloxyacetophenone (5 g.), KOAc (5 g.), and Ac,O (50 c.c.) 
was refluxed for 6 hr. The product was worked up as usual, ultimately by hydrolysis with NaOH 
and pptn. by CO,, but this gave a sodium salt, which was dissolved in hot H,O and decomposed 
by dil. HCl. The substance separated from MeOH in greenish-yellow crystals (0-4 g.), m. p. 
214° alone or mixed with an authentic specimen. Addition of H,O to the solution in MeOH 
pptd. the colourless hydrate characteristic of galangin (Found: C, 62-4; H, 4-3. Calc. for 
C,5H,,0;,H,O: C, 62-5; H, 42%). The triacetate was also prepared in the usual manner 
(Found: C, 63-5; H, 4-2. Calc. for C,,H,,0,: C, 63-6; H, 41%), m. p. 142° alone or mixed 
with an authentic specimen. 

Acetoxyacetonitrile—A solution of KCN (112 g. techn.) in H,O (220 c.c.) was placed in a 3-litre 
flask provided with a Jong condenser, and 40% CH,O aq. (120 c.c.) was slowly added with cooling 
in ice to keep the mixture below 15°. A mixture of Ac,O (264 g.) and Et,O (400c.c.) was gradually 
introduced through the condenser with very vigorous shaking. The Et,O refluxed and the 
success of the operation depended on the efficiency of the agitation. The ethereal solution was 
separated, and the aq. layer extracted several times with more Et,O, the nitrile being readily 
sol.in H,O. The combined Et,O solutions were dried with Na,SO,. The fraction, b. p. 170— 
180°, was collected and on a second distillation had b. p. 175°/767 mm.; yield, 50 g. of very 
pure material. 

w-Hydroxyphloracetophenone.—The condensation of acetoxyacetonitrile and phloroglucinol 
in a Hoesch synthesis does not yield the desired w-acetoxy-derivative. Again the attempted 
benzoylation of the ketimine in the hope of obtaining ultimately w-hydroxy-2 : 4 : 6-tribenzoyl- 
oxyacetophenone was unsuccessful. 

A solution of AcO-CH,°CN (10 g.) and C,H,O, (13-5 g.) in Et,O (100 c.c.) was sat. at 0° with 
HCl for 3 hr.; the solvent was then decanted from the cryst. crust, which was washed with fresh 
Et,O and exposed to a vac. over KOH. Hydrolysis was effected by boiling in EtOH (100 c.c.) 
and H,O (80 c.c.) solution for 8 hr.; the EtOH was then evaporated and, on cooling, the ketone 
crystallised (12 g., and 3 g. from the mother-liquor). After many crystns. from H,O (charcoal) 
the swhstance was obtained in very pale rose-coloured, slender needles, m. p. 224° (Found: C, 
52-4, 52-2; H, 4-5, 4-4. C,H,O, requires C, 52-2; H, 4-3%). On benzoylation with PhCOCl 
and C,H,N at — 5°, a nearly quantitative yield of w: 2: 4: 6-tetrabenzoyloxyacetophenone, 
m. p. and mixed m. p. 142-5°, was obtained (Found : C, 72-0; H, 4:1%). This proves that the 
acetoxyl group suffered hydrolysis in the prepn. of the ketone. 

w: 2:4: 6-Tetra-acetoxyacetophenone, obtained by acetylating the tetrahydroxyacetophenone 
by boiling with Ac,O and alittle C;H,N for 1 hr., crystallised from EtOH in well-shaped prisms, 
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m. p. 106°5° (Found : C, 54:7; H, 4-7; M, in CgH,, 351. C, gH,,O, requires C, 54-5; H, 4:5%; 
M, 352). The partial acetylation of the tetrahydroxyacetophenone has been attempted under 
a variety of conditions, especially involving the use of Ac,O in various solvents (Et,0, C,H.) 
and aqueous alkaline solutions of the phenolic ketone. The only product isolated was the 
tetra-acetate. 


UNIVERSITY COLLEGE, UNIVERSITY OF LONDON. 
UNIVERSITY OF OXFORD. [Received, February 2nd, 1933.] 





100. <A Synthesis of Pyrylium Salts of Anthocyanidin Type. Part XX. 
Morinidin Chloride. Observations on Cyanomaclurin. 


By E. H. CHARLESworTH, J. J. CHAVAN, and ROBERT ROBINSON. 


OuR main objective in applying the O-benzoylphloroglucinaldehyde method of synthesis 
of anthocyanidins (Part XV; Robertson and Robinson, J., 1928, 1526) to the preparation 
of morinidin chloride (I) (Willstatter and Schmidt, Ber., 1924, 57, 1945; Pratt and 
Robinson, J., 1925, 127, 1137) was the elucidation of the relation of this salt to cyano- 
maclurin, to which A. G. Perkin (J., 1905, 87, 715) has attributed the constitution (IT) 


(enol form). 


Cl 
HOY Vy" DoH 
JOH het” 
HO 


(I.) 


We consider that this view may yet prove to be the correct one, but it is unconfirmed and 
some possible alternatives are discussed below. 

The condensation of O-benzoylphloroglucinaldehyde with fisetol (or an acylated fisetol) 
was carried out in ethyl acetate solution with the help of hydrogen chloride : although the 
desired 5-O-benzoylmorinidin chloride was produced, the process was not so smooth as in 
the case of benzoylcyanidin and difficulties detailed in the experimental section were 
also encountered in the hydrolysis. 

Pure morinidin chloride has been characterised by means of its colour reactions in 
buffered solutions and by other properties; it exhibits the behaviour on reduction already 
noted by Pratt and Robinson (oc. cit.) and on which further comment,must be made. 

We have long been familiar with the facts that addition of zinc dust to a solution of a 
flavylium salt, e.g., an anthocyanidin or an anthocyanin in dilute aqueous hydrochloric 
acid (say 0-5%,), causes decolorisation and that on shaking with air the colour is regenerated. 
In the cases of cyanidin and cyanin we have satisfied ourselves that it is in fact the original 
pigment that is recovered and not, as was possible, an oxidatively coupled bis-derivative. 
For this purpose we used, in¢er alia, distribution-ratio methods (cf. Robinson and Robinson, 
Biochem. J., 1931, 25, 1687; 1932, 26, 1647). The prolonged action of zinc dust, however, 
takes the reduction beyond this stage and the red colour of the anthocyanidin is not 
recoverable. Pratt and Robinson (loc. cit.) found that, if the reduction of morinidin is 
carried thus far, the aqueous solution contains a colourless substance that can be extracted 
by ether and gives a deep blue solution in cold dilute aqueous sodium hydroxide 
(cyanomaclurin gives a colourless solution under these conditions, but the deep blue colour 
is developed on heating). Thus there are two substances produced in the reduction of 
morinidin, one of which by analogy with cyanidin allows of re-oxidation to morinidin, and 
neither is identical with cyanomaclurin. 

Kuhn and Winterstein (Ber., 1932, 65, 1742) have recently applied their zinc dust and 
pyridine method to the reduction of cyanidin and have observed the formation of a colour- 
less hydrocyanidin which is very labile and in contact with air is re-oxidised to cyanidin. 
(The intense blue solution produced under these conditions appears to be due to the presence 
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of zinc, because the violet solution of cyanidin chloride in pyridine becomes deep blue on 
the addition of zinc chloride.) 

The important point for the present purpose is that Kuhn and Winterstein 
consider that the oxidisable hydrocyanidin is dihydrocyanidin (III), and if this plausible 
view is justified, then cyanomaclurin can hardly be correctly represented by the expression 
(II). As already implied, cyanomaclurin shows no tendency to yield morinidin by facile 
oxidation in acid solution. 


HO H 
OH H H 


O\ Rc CO OC CH 


HO CH 
aan Xo CH—HC ov) 
HO CH; OH HO 
OH 


The loop-hole for the formula (II) is that the labile ied may be dihydro-bis- 
cyanidin (IV). Wecan discern no bar in theory to the assumption that ready reductive 
coupling may be reversed on oxidation, with the re-formation of the simple molecules. 
If, however, it transpires that the Kuhn—Winterstein theory is correct, then it seems 
probable that cyanomaclurin is, after all, C,;H,,0, and not C,;H,.O, in spite of the very 
impressive analytical evidence put forward by Perkin in favour of the latter formula. 

The substance would then be regarded as the catechin of the morin group (V); this is 
supported by the general character of the substance, by its resemblance to catechin, and 
by the ready penta-acylation described by Perkin, but on this hypothesis the alkali colour 
reaction is a surprising property. Catalytic reduction of morinidin chloride has not yet 
afforded a crystalline substance of the formula (V) and we have also attempted the reduction 
of benzoylmorinidin without isolating homogeneous substances, even after full benzoylation 
of the products. This is doubtless due to the production of stereoisomerides (cf. Freuden- 
berg, ‘“ Handbuch der Pflanzenanalyse,” 1932, III, 392, for a review of stereoisomeric 
catechins). 


mee. H(OH) 5°. ‘CH co on (VI) 


There are, of course, many possible constitutions for seamed (C,;H20,) other 
than that discussed (II) ; the objections to (II) apply equally to the isomeride in which the 
resorcyl nucleus is transferred to position 4, and, of the more remote possibilities, only (VI) 
would appear to be worthy of consideration in view of the closely analogous behaviour of 
catechin and cyanomaclurin. (VI) shares with (II) the rather serious disadvantage that 
it contains only four normal hydroxyl groups and the fifth hydroxyl group, detected by 
acetylation or benzoylation in. pyridine solution, must be derived by enolisation of a ketone 
as suggested by Perkin (/oc. cit.). 

We are greatly indebted to Professor A. G. Perkin for specimens of cyanomaclurin and 
its benzoyl derivative which will enable us to continue this investigation. In the present 
communication we have only attempted a statement of the problem, the situation being 
that the weight of the analytical evidence points to the formula C,;H,.O, but the chemical 
evidence is strongly in favour of the recognition of cyanomaclurin as the catechin related to 
morin, which requires that the formula should be C,,;H,40,. 


EXPERIMENTAL. 
w-A cetoxyresacetophenone, C,gH,(HO),,CO-CH,-OAc.—Contrary to the experience with 
phloroglucinol reported in the preceding communication, acetoxyacetonitrile and resorcinol 
undergo the Hoesch synthesis in a normal manner and the acetyl group is not removed under 
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the mild conditions of hydrolysis. A mixture of resorcinol (11-2 g., dried at 110°), acetoxy- 
acetonitrile (10 g.), and Et,O (80 c.c.) was sat. at 0° with HCl for 3 hr. (yield of ketimine hydro- 
chloride, 25 g. or 98%). The salt, carefully freed from HCl by exposure to vac. over KOH, was 
mixed with 10 times its weight of H,O and gently heated on a steam-bath until it passed into 
solution; simultaneously a clear brownish oil separated which quickly crystallised. It was 
recryst. from 500 c.c. of H,O, forming needles and prismatic plates, 2—3 cm. long, m. p. 164-5° 
(yield, 14 g.) (Found: C, 56-9; H, 46. (C,,H,,0O,; requires C, 57-1; H, 4:8%). Unlike 
@ : 2: 4: 6-tetrahydroxyacetophenone, this substance does not reduce Fehling’s solution in the 
cold. On benzoylation in C;H;N by means of PhCOCI, it affords w-acetoxy-2 : 4-dibenzoyloxy- 
acetophenone (quantitative yield), long white needles from EtOH, m. p. 151-5° (Found: C, 68-8; 
H, 4-1. C,,H,,0, requires C, 68-9; H, 43%). On acetylation by means of boiling Ac,O anda 
little C;H,;N the acetoxyresacetophenone affords w : 2: 4-triacetoxyacetophenone, which, cryst. 
from EtOH, has m. p. 93-5°, unaltered by recrystn. (Found: C, 57:3; H, 4:9. C,H,,0, 
requires C, 57-1; H, 48%). 

Nierenstein, Wang, and Warr (J. Amer. Chem. Soc., 1924, 46, 2551) ascribe the m. p. 129° 
to a substance which they supposed to be w : 2 : 4-triacetoxyacetophenone. 

The phenylhydrazone of w-acetoxyresacetophenone was prepared in aq. solution from the 
ketone, PhNH-NH,,HCl, and KOAc. The orange-yellow crystals from H,O had m. p. 152° 
(Found: N, 9-4. C,,H,,O,N, requires N, 9-3%). 

@ : 2: 4-Trihydroxyacetophenone (Fisetol)—The monoacetate (5 g.), when heated on the 
steam-bath with Na,CO, aq. (100 c.c. of 5%) for 3 hr., gradually disappeared and, on cooling, 
prisms of fisetol (1-6 g. or 35%) separated. After recrystn. (charcoal) a colourless product, 
m. p. 189°, was obtained (Found: C, 56-9; H, 4-9. Calc. for C,H,O,: C, 57-1; H, 48%). 
This work was resumed after a considerable interval and the various available methods have 
been compared. That now described using acetoxyacetonitrile is the most satisfactory, but 
the hydrolysis of the monoacetate is best effected by the following method. 25 G. in 250 c.c. 
of 10% NaOH aq., kept for 2 hr. at room temp. and then acidified, gave 18-3 g. of fisetol, m. p. 
190° to a red liquid (Found: C, 56-7; H, 4-:9%). This m. p. was attributed to the substance 
by Sonn and Falkenheim (Ber., 1922, 55, 2975), by Nierenstein, Wang, and Warr (loc. cit.), as 
well as by Karrer and Biedermann (Helv. Chim. Acta, 1927, 10, 441), who employed glycollo- 
nitrile in a Hoesch synthesis with resorcinol. On the other hand the acetylation of fisetol with 
boiling Ac,O and a little C;H,;N has furnished the w : 2 : 4-triacetoxyacetophenone mentioned 
above, obstinately, m. p. 935°, and identical in all respects with the analysed specimen. 
Hydrolysis of the triacetate, m. p. 94°, by means of 2N-NaOH gives back fisetol, m. p. 189—190°. 
Again, all three groups of authors report the existence of a phenylhydrazone, m. p. 109°, but we 
have not encountered this compound and have obtained only the osazone, yellow needles from 
MeOH, m. p. 204-5° (Found : N, 15-6, 15-6, 15-8. C,,H,,0,N, requires N, 16-2%). In this case 
there was probably a divergence in the conditions: we employed a boiling aq. solution of 
PhNH-NH,,HCl together with KOAc or alternatively PhNH-NH, and AcOH aq. on the 
steam-bath. 

«@: 2: 4-Tribenzoyloxyacetophenone is readily obtained by the benzoylation of fisetol (Ph-COC]1 
and C;H,N); it crystallises from EtOH in slender colourless needles, m. p. 140° (Found: C, 
72-4; H, 4-5. Cy 9H,.O, requires C, 72-5; H, 4-29%%). 

5-O-Benzoylmorinidin Chloride——For the prepn. of this salt it is necessary to use pure 
2-O-benzoylphloroglucinaldehyde and as second component we have employed fisetol, w-acetoxy- 
resacetophenone, or w: 2 : 4-triacetoxyacetophenone; the acetyl groups are removed by hydro- 
lysis and apparently the same salt is produced in each case. Perhaps fisetol itself gives the best 
results, but in all expts. there was a considerable formation of by-products. A typical expt. is 
the following :—A solution of O-benzoylphloroglucinaldehyde (10-4 g., m. p. 200°) and fisetol 
(7-7 g.) in EtOAc (250 c.c.) and EtOH (10 c.c.) was satd. with HCl at 0O—5° and kept for 3 days 
in a stoppered vessel. The dark red microcryst. ppt. was collected (8-7 g.), washed with EtAc + 
Et,O and then Et,O, and recrystallised as follows. The crude salt (5 g.) was dissolved in hot 
MeOH (80—90 c.c. containing 4 c.c. 20% HCl,MeOH), and the filtered solution concentrated 
to 20c.c. On keeping, the benzoylmorinidin chloride crystallised in fine red needles (6 operations 
afforded 22-9 g.) (Found: C, 57-3; H, 4:1; Cl, 7-0; loss at 110° in high vac. over P,O,, 9-9. 
C,.H,,0,Cl,2H,O requires C, 57-1; H, 4:1; Cl, 7:7; H,O, 7-8%). The loss at 110° is partly 
HCl, because the dried product has Cl, 3-5%. Benzoylmorinidin chloride is almost insol. in hot 
1% HCl aq. and is rather sparingly sol. in EtOH to a bluish-red solution. In Na,CO, aq. it 
gives a blue-violet solution, becoming pure blue on dilution. In C,H,,°OH it gives a permangan- 
ate-coloured solution, blue on addition of Na,CO, and violet with NaOAc; no ferric reaction 
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was observed. From the mother-liquors of the condensation, a dark reddish-brown powder 
was pptd. by addition of Et,0; it weighed approx. 75% of the crude benzoylmorinidin chloride. 
On the hypothesis that the formation of the by-product might be due to dehydration between 
hydroxyls at 2’ and 3, a specimen was refluxed with 5% HCl,EtOH for 6 hr. and on addition of 
conc. HCl aq. to the filtered solution the substance separated in micro-cryst. form; it was 
recrystallised in the same way (Found : C, 60-2; H, 4-4; Cl, 3-8; loss at 110° in high vac. over 
P,O;, 8:5. Found in dried material: C, 64-5; H, 3-8; Cl, 37%). The substance does not 
resemble morinidin in its general properties; it dissolves in Na,CO, aq. to a red-violet solution. 
Similar products were obtained in the course of some early abortive attempts to prepare 
morinidin from benzoylmorinidin. 

Morinidin Chloride. (1)—(A) Benzoylmorinidin chloride (5-6 g.) was gradually dissolved in 
95% EtOH (350 c.c. containing about 1% HCl) and the filtered solution concentrated to about 
50 c.c. by distillation. Conc. HCl aq. (20 c.c.) was added to the hot solution and, on keeping, a 
crop (0-82 g.) separated as a red cryst. powder; further concn. afforded a second fraction (0-83 g.) 
identical in properties, but the later fractions (2-1 g.) were contaminated with impurities similar 
to those obtained in the original con- 
densation. The bright red crystals 
were kept in vac. over H,SO, (Found : 
C, 52-8; H, 40; Cl, 9-9; loss at 
110° in high vac. over P,O;, 6:3. 
C,;H,,0,Cl1,H,O requires C, 52-8; H, 
38; Cl, 10-4; H,O, 53%). Will- 
statter and Schmidt (/oc. cit.) described 
hydrates with 3H,O, 2H,O, and H,O, 
but the monohydrate lost H,O in a 
desiccator and the dihydrate lost 1-5 
H,O. Pratt and Robinson (loc. cit.) 
obtained a dihydrate (dried in a 
desiccator). 

(B) Benzoylmorinidin chloride (4-5 
g.) was dissolved in EtOH (42 c.c.) 
and 20% NaOH aq. (30 c.c.) with a 
exclusion of air by hydrogen, which errs oe ere ers see 
was used to agitate the liquid for 4 hr. ww mad Wain le aath — 

Conc. HCl aq. (35 c.c.) was added to — : = . 

ae ames Meal which wes Gon © Morinidin chloride, acid hydrolysis. _ 

t gr ae, : x Morinidin chloride, alkaline hydrolysis. 
warmed at 80—90° for 45 min. and E] Coincident points. 

kept for 12 hr. The solids were col- 

lected and washed with 10% HCl aq. to remove NaCl; the crude salt was dissolved in EtOH 
(15 c.c.), and hot 10% HCl aq. added to the filtered solution, which was concentrated to incipient 
crystn. The slender red needles of morinidin chloride were dried in vac. over H,SO, (Found : 
C, 51-1; H, 4:1; Cl, 10-0; loss at 110° in high vac. over P,O;, 12-9. C,;H,,0,C1,1-5H,O 
requires C, 51-4; H, 4:0; Cl, 10-1; H,O, 7-7%). The large loss on heating indicates loss of 
HCl as well as of H,O and this is confirmed on analysis (Found in material heated at 110° in 
vac. over P,O,;: C, 58-2; H, 3-5; Cl, 7-5. C,,;H,,0,Cl requires C, 55-7; H, 3-4; Cl, 11-0%). 
This sample closely resembles that prepared by acid hydrolysis as under (A) in all its properties. 

The absorption coefficients were measured over the range 4000—6000 A. using 0-25N’/104- 
solutions in 0-1% HCl,MeOH. The specimens (A) and (B) vary slightly (see fig.), but the head 
of the band is at 5200 A. in both cases. 

The salt exhibits the solubilities and acid and alkali reactions previously described. With 
Na,CO, aq. it gives a blue colour in dilute solutions and violet-blue to red-violet in more conc. 
solutions. Acidification of the decolorised solution formed by warming the dil. alc. solution 
does not restore the colour, the pseudo-base being subject to further change. It also gives the 
striking blue colour noted by Pratt and Robinson by reduction with zinc dust and addition of 
NaOH aq. to the ethereal extract. 

The following effects are observed in a range of buffered solutions (Robertson and Robinson, 
Biochem. J., 1929, 23, 35), the odd-numbered solutions being employed. On mixing 1% and 
20% HCl aq. light orange; (1) weak permanganate; (3) slightly bluer; (5) still bluer; (7) blue- 
violet; (9) slightly bluer; (11) violet-blue; (13), (15), and (17) each bluer than preceding solution 
and dichroism less; after 20 min. (1) and (17) exhibit slight fading; others unchanged; after 
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2 hr. (1) slightly more orange-tinted; (17) greenish-blue; others unchanged; after 24 hr. 1% 
and 20% HCl aq. unchanged; (1) very faint pink tinge; (3) colourless; (5) as (1); (7) violet- 
pink; (9) not as intense as (7); (11) blue-violet; (13) blue; (15) green shade just appearing; 
(17) light green; (7) and (11)—(15) are still fairly intensely coloured. Conc. HCl aq. fails t¢ 
restore the colour in (1), (3), and (5). 

Reduction —Reference has already been made to the behaviour with Zn dust in 0-5% HClaq 
SO, and TiCl, were ineffectual, but in presence of Pt black in MeOH solution both morinidir, 
chloride (1 mol.) and benzoylmorinidin chloride (1 mol.) readily absorbed 2H, absorption of « 
further mol. being always very slow, and indeed in some expts. the reduction stopped when 
1 mol. had been absorbed. The products could not be crystallised and exhibited little resem- 
blance to cyanomaclurin. Instead of a deep blue colour being produced in dil. NaOH aq. 
on heating, the coloration (morinidin expt.) was at once greenish-blue, rapidly becoming di- 
chroic, green and red in thick layers and, on heating, brown and finally brown-orange. 


The authors thank the Royal Commissioners for the Exhibition of 1851 for an Overseas 
Scholarship awarded to one of them. 
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101. Synthetical Experiments in the isoFlavone Group. Part VIII. 
Limitations of the Phenacyl Aryl Ether Cyanohydrin Method. 


By Witson BAKER, W. M. MorcGans, and ROBERT ROBINSON. 


Tue method referred to in the title is that of Part V (J., 1929, 1468) and may be illustrated 
by the scheme :— 


Meo cH, /O\CH, Meo’ \’?\cH, MeO \’O\cH 
tone ny m (OH) Ph-> \ Aion (OH) Ph-~> /CPh 


O 


We entertained high hopes that it would prove general in its application, but the experi- 
ments now put on record show that it fails in certain cases, (a) because the cyanohydrin 
cannot be obtained or (b) because the ring closure in the second stage cannot be effected. 

In the course of experiments preliminary to a synthesis of irigenol, ketones (I and II) 
were prepared, of which the cyanohydrins were formed with very great difficulty; that 
derived from (I) was ultimately obtained in an almost pure state. Unfortunately the 
pyran ring could not be closed, and the feeble nuclear reactivity thus indicated was 
confirmed by the fact that the dehydration of (I) to the cowmarone (III) could only 
be accomplished by the use of phosphoric anhydride; the ketone was unchanged by 
solution in sulphuric acid at 0°. Attempted dehydration of (II) by means of phosphoric 
anhydride in benzene solution led to the formation of a substance, probably the coumaran 


derivative (IV). 


Meo” \’°\cH, MeO 
(.) MeO bo—<_ ome MeO ~Fome (IIL) 
MeO CH, OMe MeO Wr 
(II.) Me CO OMe “a i Some (IV.) 
MeO Me 


The instability of the cyanohydrins of (I) and _ is doubtless connected with the 
occurrence of a methoxyl group in the f-position to the carbonyl (cf. Lapworth and Manske, 
J., 1928, 2533; 1930, 1976). 
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EXPERIMENTAL. 


«-Diazo-p-acetylanisole—Anisoy] chloride, b. p. 140—160°/20 mm., m. p. 22°, was obtained 
from the acid by means of SOC], (reflux 1 hr.). A solution of the chloride (4 g.) in anhyd. Et,O 
‘30 c.c.) was gradually added to one of CH,N, (10 c.c. of nitrosomethylurethane) in Et,O at 0°. 
After 1 hr. the Et,O was removed in dry air, leaving yellow crystals.. The substance separated 
from Et,O in four-sided plates, -. » 83—84° (Found: C, 61-4; H, 4:7; N, 15-9. C,H,O,N, 
requires C, 61-4; H, 4-5; N, 15-9%), and exhibited the usual properties of the class. Treated 
with HBr in dry Et,O, it gavea quant. yield of -methoxyphenacyl bromide, colourless rhombo- 
hedra from Et,O, m. p. 80—81°. Prepared in this way, the ketone is more easily purified than 
is the product of the alternative Friedel-Crafts condensation of anisole and bromoacetyl bromide 
(Kunckell and Scheven, Ber., 1898, 31, 173). 

3:4: 5-Trimethoxyphenyl p-Methoxyphenacyl Ether (1).—A solution of p-methoxyphenacy] 
bromide (2-9 g.) in acetone (20 c.c.) was added to one of antiarol (2-3 g.) (Chapman, Perkin, and 
Robinson, J., 1927, 3032) in NaOH aq. (0-5 g. in 10 c.c. H,O), and the mixture heated on the 
steam-bath for 1 hr. After being worked up, the oily product solidified (4 g.) and crystallised 
from EtOH in colourless woolly needles, m. p. 110—111° (Found: C, 64-9; H, 6-1. CygH 90, 
requires C, 65-1; H, 6-0%), readily sol. in acetone, CHCI,, and CS, and sparingly sol. in Et,O and 
light petroleum. 

Many trials of the prepn. of the cyanohydrin were made and the derivative was obtained as 
follows :—Solutions of the ketone (6 g.) in EtOAc (50 c.c.) and of KCN (7 g.) in H,O (30 c.c.) 
were mixed, cooled to 0°, and very gradually treated with 30% H,SO, (30 c.c.) during 2 days 
with shaking. After keeping for 24 hr. longer, the EtOAc layer was washed, dried, and con- 
centrated in a current of air. The residual solid crystallised from CHCl,-light petroleum, 
ultimately in colourless rhombs, m. p. 126—127°, which could not be completely freed from traces 
of unchanged ketone (Found: C, 62-8; H, 5-9; N, 3-3. Cj, gH,,O,N requires C, 63-5; H, 5-8; 
N, 3-9%). With EtOH-AgNO,, AgCN was pptd. Under all conditions the attempted ring 
closure of the cyanohydrin failed. w-Diazo-p-nitroacetophenone (Bradley and Schwarzenbach, 
J., 1928, 2907) was converted into p-nitrophenacyl bromide (cf. Engler and Zielke, Ber., 1889, 
22, 204), but this bromide could not be used for the prepn. of an ether with antiarol as second 
component. 

4:5:6: 4’-Tetramethoxy-3-phenylcoumarone (III).—The dehydration of the trimethoxy- 
phenyl -methoxyphenacyl ether was effected in boiling C,H, solution by means of an excess of 
P,O, for2—3 hr. The C,H, was decanted and concentrated, leaving an oil which crystallised in 
contact with light petroleum; recryst. from EtOH, it gave colourless needles, m. p. 104—105° 
(Found: C, 68-7; H, 5-5. C,,H,,0,; requires C, 68-8; H, 5-7%). 

w-Diazo-3: 4 : 5-trimethoxyacetophenone.—O-Trimethylgalloyl chloride, m. p. 77°, was obtained 
by the action of SOCI, on the acid and was brought into reaction with CH,N, (2 mols. under the 
usual conditions in dry Et,O: yield almost theoretical). This substance is readily sol. in CgHg, 
acetone, and CHCl,, but sparingly sol. in Et,O and light petroleum. Recryst. from C,H,—light 
petroleum, it separated in pale yellow needles, m. p. 97—98° (Found : C, 56-0; H, 4:8; N, 12-1. 
C,,H,,0,N, requires C, 55-9; H, 5-1; N, 11-9%). 

3:4: 5-Trimethoxyphenacyl Bromide.—Diazotrimethoxyacetophenone (10 g.) was decomposed 
by dry HBr in cold Et,0; the product crystallised from Et,O-light petroleum in colourless 
compact rhombohedra, m. p. 51—52° (Found: Br, 27-5. C,,H,,0,Br requires Br, 27-7%). 

3:4: 5-Trvimethoxyphenyl 3:4: 5-Trimethoxyphenacyl Ether (I1).—Solutions of antiarol 
(1-7 g.) in NaOH aq. (0-38 g. in 20 c.c.) and of trimethoxyphenacyl bromide (2-75 g.) in acetone 
(20 c.c.) were gently heated for 1 hr. and then the acetone was removed by distillation. The 
product, after solidifying, crystallised from EtOH (charcoal) in colourless rhombohedra (1-45 g.), 
m. p. 135—136° (Found: C, 61-1; H, 6-1. C.9H.,O, requires C, 61-2; H, 6-1%). 

4:5:6:3': 4: 5’-Hexamethoxy-3 : 3-diphenylcoumaran (IV).—This substance was obtained 
from the foregoing by dehydration in hot C,H, by means of P,O,; it crystallised from EtOH in 
colourless slender needles, m. p. 112—113° (Found: C, 68-5; H, 6-4. C,gH,,O0, requires C, 
69-0; H, 6-2%). 

Direct evidence of the presence of C,H, in this specimen could not be obtained and thus the 
hypothesis that it is the coumarone with 1 C,H, is excluded. The formation of the substance 
is evidently the result of attack of a benzene molecule by the carbonyl of the phenacyl ether. 
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102. Studies in Solvent Action. Part VI. Optical Rotatory Powers of 
B-Octanol, d-Amyl Alcohol, and their Derivatives. 


By H. Gorpon RULE, ELEANORA B. Situ, and (in part) JOHN HARROWER. 


SUFFICIENT evidence has now been accumulated to show that the rotatory powers of 
optically active esters in solution are in many cases intimately related to the electrical 
(dipole) character of the solvent, a conclusion which is supported by the investigation of a 
variety of ester-types, both aliphatic and aromatic, substituted and unsubstituted (Rule 
and co-workers, J., 1931, 674, 2652; 1932, 1409, 2332). According to recent theories of 
optical activity (cf. W. Kuhn, Trans. Faraday Soc., 1930, 26, 293), the magnitude of the 
rotatory power of a compound depends upon the situation and circular dichroism of its 
absorption bands, especially those in the visible and near ultra-violet region, and upon their 
reaction towards other bands in the spectrum. One link between these theories and the 
above solvent influence is supplied by the work of Scheibe on the manner in which a change 
of solvent modifies the position of the characteristic absorption bands of a substance. 
Using ketones in the presence of a number of different solvents, he has shown (Ber., 1926, 
59, 2619) that the typical ketonic band is displaced progressively towards the far ultra- 
violet region as the polarity of the solvent is increased, a change which might be expected 
on Kuhn’s theory to lead to a continuous modification of the optical rotation. Kuhn also 
concludes (Freudenberg, “‘ Stereochemie,”’ 1932, p. 417) that the change in rotation may 
in certain cases result from an alteration in the anisotropic properties of the band without 
any appreciable change in its position. 

Additional confirmation of a relationship between rotatory power and the polar con- 
dition of the solvent has been obtained (Rule and McLean, J., 1932, 1400) by determining 
the molecular rotation of an active ester in mixtures of benzene with various alcohols. By 
a simple mathematical treatment of the experimental figures, it has been shown that the 
characteristically irregular changes in the degree of polarisation of the alcohol, which occur 
as the latter is diluted with benzene, are accompanied by corresponding changes in the 
rotation of the ester dissolved in the mixture. 

These polarimetric determinations have now been extended to a number of sec.-8-octyl 
and d-amyl * derivatives, including the alcohols, halides, and methyl ethers of both series, 
together with $-nitro-octane, d-amy]l o-toluate, and the o-, m-, and p-toluic and methoxy- 
benzoic esters of B-octanol. Methyl-n-butylacetic acid has also been examined in place of 
the 8-carboxylic derivative of octane, which is not readily prepared in sufficient quantity 
for resolution. The majority of these compounds are not of the ordinary ester type, but 
are built up of a single polar substituent (OH, OMe, Cl, Br, NO,, or CO,H) united to a 
simple optically active hydrocarbon radical. Among these, special interest attaches to 
octyl alcohol, since any irregularities in its degree of polarisation brought about by dilution 
with a non-polar medium should be revealed directly in the polarimetric measurements 
carried out with a system of two components; such changes should thus be traced more 
simply and certainly than was possible in using the above-mentioned three-component 
system. Considering the varied nature of the substituents present, it was also hoped that 
more definite information might be gained as to some of the causes leading to apparent 
abnormalities in the solvent influence. Very marked differences were observed in the 
manner in which the compounds reacted towards change of solvent, and some of the cases 
are therefore discussed individually. In the following tables space has been economised 
by giving the limiting values of «;,4,, in place of the full experimental data. 

With octyl alcohol as the active solute, a definite polar influence is clearly evident 
among the aliphatic solvents: those of non-polar character give the highest rotations, 
whereas acetonitrile, the most strongly polar medium, gives a low value. In this respect 
the di- and the tri-substituted compound, methylene chloride and chloroform, are partial 
exceptions and yield solutions of relatively low activity. The tendency for these liquids 


* Grateful acknowledgment is made to Prof. A. McKenzie, F.R.S., for a valuable gift of d-amyl 
alcohol, which was used in this work. 
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TABLE I. 
1-8-Octanol, [M]gie, —15-3° (t = 20°, c = 5,1 = 4). 
Solvent. [M]ssex. gp X 10%. Solvent. [Msacx- pb X 10°, 
i cetnecesanninntennennnen — 20°3° 0 C,H, CHO .............. —20°5° 2°75 
SR Bin en vatstanier 19°4 0 ii vasncinenenevoce 19-2 0 
i nicsicscsagndacteines 19:1 0 CI chtcesncenesens 19-2 0°5 
iliac acatccirtcisini 171 1°66 GS nssennsesvss 18°8 1:60 
COEIEE _ sccenasanconses 17:0 1°64 C,H,-COMe ............. 18°6 2°97 
CI sccicesicnaiicows 16°6 1-4 Ci vinereivinisens 18-2 3°90 
GEE ceciseicsninncdonsns 148 3-05 oo eae 18-1 1-25 
3 Seer 14:2 110 eS eer 17°9 1°50 
Ti aaemaneiiebeataniak 13°9 161 IN oiicicsiasabiniones 17°8 1°52 
imiti — 9-14° _ 2.1@° CEE > Selcovivivartueninn 17°8 1°50 
Limiting values of a54,;, — 2°14° and — 3°16°. C*HS-CN eee Te 17°3 3-85 


to rank with the more highly polar solvents has also been observed with menthyl methyl 
naphthalate as the active solute (Rule and McLean, J., 1931, 676). 

Irregularities of a more pronounced nature occur in the aromatic series, although here 
also the non-polar hydrocarbons give highly active solutions. In this group exceptional 
positions are assumed by nitrobenzene and the ketonic compounds benzaldehyde and 
benzophenone, all of which are displaced towards the non-polar end of the table, notwith- 
standing the high values of their dipole moments. It is interesting and possibly significant 
that each of these solvents is believed to be capable of entering into co-ordination with the 
hydroxyl group of the alcoholic molecule (Sidgwick, ‘‘ The Electronic Theory of Valency,” 
p. 149) a process involving the formation of a new and highly polar link between solvent and 
solute and one likely to result in a modification of the rotatory power. No evidence of a 
displacement of this type, however, has been found in the case of d-amyl alcohol dissolved 
in benzaldehyde (p. 383). 

In common with other hydroxy-compounds, octyl alcohol normally exists in a state of 
association. Since its solutions in highly polar solvents (e.g., acetonitrile) exhibit a low 
rotatory power, an effect which has been attributed to the high degree of association 
between such solvents and the solute, it may be concluded that association between two or 
more molecules of the alcohol will operate in the same sense in the homogeneous liquid. 
This is supported by the fact that the molecular rotation of the alcohol in the homogeneous 
state, [M]Js%s, —15-3°, is much lower than that observed for dilute solutions in carbon 
disulphide, carbon tetrachloride, hexane, and the aromatic hydrocarbons, in which media 
a considerable proportion of the alcohol exists in the unimolecular condition. 

The figures in Table II, referring to the alteration in the rotatory power of octyl alcohol 
as it is continuously diluted with benzene or hexane, illustrate this point in greater detail : 
as the dilution increases the optical rotation rises. 


TABLE II. 
d-8-Octanol in various concentrations (t = 20°). 
In hexane (/ = 4). In hexane (/ = 4). In benzene (/ = 2). In benzene (/ = 2). 
c. fe (M) sa01- c. fe (M)] sa01- ¢. Se [M) ss01- c. So. [M] s461- 


4994 0:050 +19°6° 35°00 0°372 +16°91° 4998 0°035 +19°3° 39°97 0°346 +15°46° 
10:00 0-099 18°6 37°28 0399 17:02 9°994 0-072 18-2 41°87 0°368 15°52 
15°07 O151 181 42°05 0453 16:79 15°99 O-119 17:2 43°53 0°388 15°40 
20°00 0203 = 17°6 50°01 07551 16°45 22°01 0-170 16°65 47°56 0°4386 15°44 
23°38 0253 17°54 55°01 0618 1610 30°01 0244 16°12 55°30 0°532 15°20 
27°03 §=0°283)—Ss«17°62 62°05 0°709 15°87 32°27 0°266 8 15°97 62°42 0°647 15°09 
30°00 0313 #8 17°29 69°99 0°819 15°40 34°76 0292 15°87 7118 0-789 15°13 
33°02 0345 16°73 (Homog.*) 1000 15°24 36°78 0°308 15°71 (Homog.) 1000 15°24 

j= 2. 38°61 0-331 15°62 
Limiting values of as4,,: in hexane 3°01° and 33°23°, in benzene 1°48° and 16°54°. The figures 
under /, (mol. fraction of d-8-octanol in mixture) are calculated from the weights of alcohol and solvent 


employed. 


Lange has observed that under similar treatment the electrical polarisation of an alcohol 
in solution does not always vary continuously with the composition of the mixture, but 
cc 
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may pass through a well-defined maximum [Z. Physik, 1925, 33, 174 (2—6)].  Unfortun- 
ately, no data relating to the polarisation changes of 8-octyl alcohol are available in the 
literature, although a number of isomeric octanols were recently examined by Smyth and 
Stoops (J. Amer. Chem. Soc., 1929, 51, 3330). But when the above molecular rotations 
are plotted as in Fig. 1, it is seen that well-marked deviations from the main curve occur in 
hexane solution between the concentrations f, = 0-2 and 0-7, which apparently take the 
form of two maxima at /, = 0-28 and 0-4 and of a minimum at 0-35. With benzene as 
solvent the disturbances are scarcely perceptible, though the sharp minimum in the hexane 
Feo, 1 curve is possibly repeated on a much 
R ranted diminished scale at a corresponding 
otatory power of d-B-octanol in hexane and benzene. point on the benzene diagram. It 
ee ee ee ee may be noted that the minima 
previously observed in the rotatory 
power of /-menthyl methyl naphth- 
alate (loc. cit.) dissolved in mix- 
tures of an alcohol with benzene or 
hexane were also more accentuated 
when hexane was employed as the 
non-polar component, probably 
owing to its lower dielectric con- 
stant. We may therefore conclude 
that these alterations in rotatory 
power reflect the changes taking 
place in the electrical condition of 
the molecules of octyl alcohol in the solution. Their irregular character indicates an 
additional reason for the existence of minor displacements in solvent effect such as those 
referred to under Table I. 
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TABLE III. 
Methyl d-B-Octyl Ether (t = 20°, c = 4,1 = 2). 


Solvent. y ‘ Solvent. [M] sae1- p X 1018, 
1-50 
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Limiting values of a;,,, : aliphatic solvents — 0°02° and + 0°97°, aromatic solvents 0°60° and 1°54°. 
* This sample was not optically pure. 


From the results of molecular-weight determinations it is usually supposed that ethers 
have little tendency to undergo association, and at first sight the wide range of molecular 
rotations for methyl octyl ether in Table III is surprising. Nevertheless, the fact that 
the ether exhibits higher rotations when dissolved in non-polar aliphatic solvents may be 
interpreted as indicating that the molecules in the homogeneous ether are to some extent 
oriented with respect to each other,* and in such a manner as to lead to a diminution in 
rotatory power. 

Except for a downward displacement of methylene chloride and chloroform in the 
aliphatic series, which recalls a similar abnormality in the influence of these compounds 
on the rotation of octyl alcohol, there is a close agreement between the polarity of the 
solvents and the rotatory power. In nitromethane the depression in activity is so great 


* Throughout this paper the term association is used to indicate any departure from an entirely 
random orientation of the molecules. 
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that the rotation is reversed in sign. Aromatic solvents on the whole yield more highly 
active solutions, among which those given by the halogen derivatives, chloro-, bromo-, 
and iodo-benzene, are unusually high in relation to their polar properties. Apart from 
these three exceptions, the aromatic solvents also influence the rotatory power in the inverse 
order of their dipole moments. 


TABLE IV. 
Solvent. [Mleecx- pb X 10%. Solvent. [Mlsecx- p X 10%, 
d-8-Chloro-octane (t = 20°, c= 5,1= 2). 
+ 57°7° f C,H,°CN 
56°8 : (Homog.) ......cccscceee (53°5) 
55°9 ‘ ° 52°8 
55°0 . ‘ 51°6 
54°8 , 49°6 
54:0 49°1 
(53-5) sH; 48°3 
53°3 6 . 47°6 
52°7 ‘ . 46°2 
52°6 C,H 46°1 
50°1 . 46°0 
481 
Limiting values of a54,;, 3°10° and 3°88°. 
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d-8-Bromo-octane (t = 20°, c= 5, 1= 4). 
+ 858° 3°05 

85-0 1-64 

82-9 3°78 

82°7 1-40 

80°5 

(78-7) -= 

77°3 

77°3 ‘10 

76°7 

74°4 66 

72°7 C,H,I 

s-C,H;(CHs), 69°3 

Limiting values of a54.,, 7°16° and 8°92°. 
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The experimental results obtained with octyl chloride are identical in almost every 
detail with those given by the bromide, apart from the higher rotatory power of the latter, 
and the compounds may therefore be discussed together. In two important respects 
these halides differ from all the other simple octyl derivatives under examination. Not 
only are the observed rotations of a much higher order of magnitude, but they tend to 
vary directly with the polarity of the solvent, so that the highest rotations are given in the 
most highly polar media. 

For the aromatic series, the correspondence between optical activity and dipole moment 
is almost complete; iodobenzene alone forms an exception and gives a lower rotation 
than was to be expected from its polarity. A number of irregularities occur among the 
aliphatic solvents, the most notable of which are the low rotation observed in methyl 
iodide and the high value in methyl alcohol. Chloroform and methylene chloride again 
give low values, although their position with respect to carbon tetrachloride indicates 
that here also the general arrangement of the chloro-compounds among themselves is such 
that the more polar solvent yields the more active solution. 

Further confirmation of the optical effects arising in this case from solution in highly 
polar solvents is obtained by diluting the homogeneous /-octyl chloride with increasing 
proportions of a non-polar liquid. It is not necessary to reproduce the full experimental 
details, but the results may be briefly summarised. With benzene as diluent, the rotatory 
power falls from [/];4,, — 55-4° for the homogeneous liquid to — 47° at low concentrations 
(c = 5), the change being represented by a smooth curve without maximum or minimum. 
An effect in the same sense follows when the non-polar solvents carbon disulphide, carbon 
tetrachloride, or toluene are employed. The use of hexane brings about a very small 
rise in value from — 60-0° to — 61-6°, but on the other hand when /-octyl bromide is used 
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as the active solute in hexane solution the rotation falls from — 78-7° to — 77-3°. Hence 
it may be assumed that the normal effect of orientation is to raise the rotatory power. 
Since it appears probable that the rotation of the halides is largely controlled by the halogen 
atoms which are directly linked to the asymmetric carbon atom, we must conclude that 
the specific influence of these atoms is enhanced when the active molecules are brought 
into closer proximity to one another. An optical change of this kind might be imagined 
to arise if the molecules oriented themselves in the manner (+ —) (+ —) instead of in the 
more usual arrangement corresponding to dipole association, because in this case the fields 
mutually reinforce each other. No evidence, however, has been obtained from polarisation 
measurements which would indicate an orientation of this type among the halides (Smyth, 
Chem. Reviews, 1929, 6, 567) although it has been observed frequently among alcohols at 
intermediate concentrations in a non-polar medium. Viewing the matter from another 
angle, it is not yet possible to discuss the influence of an increasing polarity of the solvent 
upon the position or anisotropic properties of the absorption bands of the active halides. 
But the opposite trend of the optical displacement in polar solvents as compared with that 
found for the remaining octyl derivatives suggests that the mechanism of the solvent 
effect may vary from one case to another. 


TABLE V. 
Rotatory Powers of 8-Nitro-octane (t = 20°, 1 = 2). 
In benzene. In benzene. In hexane. In hexane. 
Cc. Se. [M] sa61- c. So. [M)ss01- c. Fe. [M] se1- c. Fo. [M]ss01- 


3°998 0°023 31:1° 53°71 0°420 27°16° 3°994 0°033 26°5° 50°07 0°467 26°40° 
9346 0°055 29°6 (Homog.) 1000 26°58 17°98 0°152 26°30 (Homog.) 1-000 26°18 
15°80 0°095 28°53 27°27 §=0°237 =©26°33 


Limiting values of a;,,, are 1°33° and 30°83°. 





fy = Mol. fraction of nitro-octane. 


Owing to the fact that 6-nitro-octane can only be prepared in very small yields it was 


decided to examine the change in rotatory power on diluting the compound with benzene 
and hexane respectively, and there- 




















Fic. 2. after to investigate the influence of 

Rotatory power of d-B-nitro-octane in hexane and benzene. as many other solvents as was 
j 2 2 a ee possible with the material available. 

31 The diagrams (Fig. 2) obtained 
30°F by plotting the values of the 
rotatory powers in hexane and 

829°} benzene against the mol. fractions 
> of nitro-octane present in solution 
28°} are very different in form. The 
values for hexane fall on an almost 

27°F horizontal straight line, whereas 

D ee ae atn hexane __| those for benzene lie on a smooth 
26°F — » 4. 4, , , , , , | Curve which rises steeply at low 

0 Of 02 03 04 05 06 OF O08 O09 70 concentrations, indicating that the 
Nitro-octane, mol. fraction rotatory power increases as the 


degree of association of the nitro- 
compound diminishes. It thus appears that hexane is not capable of breaking up the 
association complexes appreciably even at high dilutions, but that the addition of benzene 
is accompanied by a gradual disruption of the aggregates, a change which becomes more 
definite at very low concentrations. Although it is not possible to determine the exact point 
at which the benzene curve meets the vertical axis, the nitro-compound in the unimolecular 
state in this solvent would evidently possess a molecular rotation [M],,4,, higher than 
35°. It may be noted that the form of the rotation—dilution diagram for nitro-octane in 
benzene resembles that of the polarisation-dilution diagram given by Debye (“ Polare 
Molekeln,”’ p. 49) for nitrobenzene in the same solvent. 
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TABLE VI. 


d-8-Nitro-octane in Solution (c = 4, t = 20°, 1 = 2). 
C,H;;-OMe. C,H;,Cl. C,H,. CsH;-NO,. C,Hy,y. (None). 
35°5° 31°5° 31°1° 37°3° 26°9° (26°7°) 
1°25 1°52 0 3°90 0 — 


Limiting values of a;,,; in solution: 1°35° (hexane) and 1°79° (anisole). 


The rotatory powers of nitro-octane when dissolved in the above media seem at first 
sight to present few regularities, but they are readily interpreted in terms of the varying 
degrees of association of the active molecules with one another or with the solvent. When 
nitro-octane is diluted with nitrobenzene, a medium very similar to it in polarity and 
molecular volume, it may be assumed that the electrical state of the active compound 
suffers little change, the nitro-octane complexes being merely converted into nitro-octane— 
nitrobenzene aggregates to an extent dependent upon the degree of dilution. Hence 
there is only an insignificant change in rotatory power. An excess of a weakly polar 
solvent like anisole may be expected to dissociate the nitro-octane more or less completely 
at the concentrations employed, but will not allow the rotation to rise to its maximum 
value owing to the depressive influence of association between the nitro- and the methoxyl 
group. The addition of chlorobenzene operates in the same manner, but, the solvent 
being relatively more polar than anisole, the depression in this case is greater and the 
rotation lower, although not so low as that found in nitrobenzene. On this hypothesis 
benzene fails to effect a complete separation of the solute molecules at moderate dilutions, 
and in hexane a considerable degree of association occurs even at the lowest concentration 
(c = 4) for which the optical rotation was determined. This supposition is supported by 
molecular-weight determinations recorded in the literature for nitro-derivatives (cf. | 
Mascarelli and Benati, Gazzetta, 1909, 39, ii, 652; Auwers, Z. physikal. Chem., 1893, 12, 
689) and by the following values obtained for inactive nitro-octane (M = 159) in cyclo- 


hexane and benzene. 
Wt. of Depression 
Solvent. solute, g. of f. p. C. M. 
cycloHexane, 20 c.c. 0°1284 0°901° 0°6 187 
(15°52 g.) 0°4657 3°108 2: 196 
06248 4°100 3° 200 
Benzene, 15 c.c. 0°4197 0°978 2° 162 
1348 2-983 8° 170 

The exact interpretation of molecular-weight values deduced by such methods as the 
above is still a matter for discussion, but the figures indicate that at c = 4, the lowest 
concentration at which it is practicable to determine the rotatory powers, nitro-octane is 
very considerably associated in cyclohexane solution (extrapolated value of M, 205), whereas 
in benzene the association is of a much smaller order of magnitude. In this connexion 
it is probable that any tendency of the solute molecules to assume a definite orientation towards 
one another wili be more clearly exhibited in polarimetric than in cryoscopic data. A similar 
conclusion in respect of the degree of polarisation has been arrived at by Smyth (Chem. 
Reviews, 1929, 6, 573), who writes that a “‘ molecular orientation too slight to be apparent 
in its effect upon most physical properties of liquids may have a considerable effect upon 
the polarisation.” 

The rotatory powers of «-methyl-n-hexoic acid in the above solvents are seen to vary 
only within narrow limits. As the acid becomes less associated at higher dilutions the 
rotation rises somewhat, the change being insignificant in hexane but more definite in 
benzene, as is to be expected from the greater dissociating power of the latter solvent. 
Slightly higher values are found in ether and acetone, in which the carboxylic aggregates 
may be assumed to be partly replaced by association complexes composed of acid and 
solvent. In ether the values appear to fall at low concentrations, giving a maximum at 
about f, = 0-1. The limited range of the observed rotations may be attributed to the 
very strong tendency of the acid molecules to undergo association, either with one another, 
as occurs in the benzene and hexane solutions, or with a polar solvent; in either case it 
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TABLE VII. 
a-Methyl-n-hexoic Acid * in Solution (t = 20°, 1 = 2). 
Hexane. Benzene. Ether. Acetone. 

Se. [M] sa61- Ss. [M] s461- Se. [M] sa1- Se. [M] s461- 
0°045 + 33°7° 0-013 + 35°3° 0°023 + 33°3° 0°026 + 36°6° 
0°:079 33°6 0°031 35°4 0°053 34°3 0°048 36°4 
0°173 33°5 0°068 34°9 0°072 34°7 0°055 36°3 
0°344 32°85 0-122 34°5 0°094 35°1 0°132 35°75 
0°536 32°69 0°196 34:1 0°147 34°96 0°217 35°21 
0°719 32°44 0°283 33°78 0°207 34°70 0°412 34°21 
1-000 32°17 0°447 33°15 0°334 33°56 0°566 33°61 

ay — 0-915 0°667 32°65 1-000 32°15 1-000 32°15 
(a4 0°915) 
1-000 32°14 
Limiting values of a are 103° and 40°87°. 
* The sample of acid used was not optically pure (see p. 386). 


may be concluded that the rotatory power will be considerably less than that corresponding 
to the unimolecular compound in a non-polar medium. 


TABLE VIII. 


Molecular Rotatory Powers [M] 546; of sec.-B-Octyl Toluates and Methoxybenzoates in Solution 
(t = 20°, 1 = 2, c = 4). 
Toluates. Methoxybenzoates. 
Solvent. p xX 1038, o-. m-. -. 0-. m-. -. 

cycloHexane + 849° +1041° + 114:7° -- +101°5° + 124°9° 

Mesitylene 76°5 _- 115°8 —_— _— 129-2 
711 95°8 111-9 + 29°6° 91°4 125°5 
71:0 101-5 116-2 344 128-9 
69°7 106°9 118°3 32°0 i 134°2 
61-0 92-7 104-7 26-1 117-0 
60°0 91°9 104°5 24°8 ; 117°1 
54°5 89-0 102-4 18°7 , 116-0 
57°2 88°1 97°7 19°1 , 107°0 
56-4 90°1 101-3 18° 113-4 
56°8 89°0 99-3 21-1 , 111-9 
63-9 97°9 98-9 22-0 ' 110°3 
(81-2) (111-4) (122-5) (38-2) (111-4) (136-4) 

The six sec.-B-octyl toluic and methoxybenzoic esters behave in a similar manner towards 
change of solvent and may therefore be included in one table by arranging the solvents in 
order of increasing polarity. On the whole, there is a definite tendency for solvents of 
low dipole moments to yield solutions of high activity and vice versa. Nitrobenzene 
behaves abnormally towards o- and m-substituted esters, giving somewhat higher values 
than correspond to its position in the polar scale, and displacements of the same kind are 
found with anisole. 

Attention may be directed to the case of the o-methoxybenzoic ester, in which the 
presence of a weakly polar methoxy] group in the ortho-position brings about a pronounced 
fall in rotatory power as compared with the unsubstituted d-octyl benzoate, for which in 
the homogeneous state [M]54,, = 92°. Since the rotation suffers a still greater depression 
when the compound is dissolved in strongly polar solvents, it is improbable that any 
considerable part of the solvent influence operates by way of dipole association between 
the medium and the methoxyl group, a process which might be expected to nullify the . 
original effect of the ortho-substituent and yield a more highly active solution. Hence the 
effect may be assumed to be propagated either through the more polar carboxyl group or, 
since this is largely screened by the bulky hydrocarbon radicals, through the benzene 
nucleus which exists in a state of induced polarisation as a result of the attached polar 
substituents. 


One aim of the present investigation was to ascertain whether any inference as to the 
configurational relationships existing between the octyl alcohols and their halides could be 
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drawn from the optical changes undergone by these compounds in solution. As has 
already been seen in Table IV, octyl chloride and bromide are affected in an unusual sense 
by an increase in the polarity of the solvent medium, but the direction of the change does 
not appear to throw any light on the point under discussion. The complexity of the prob- 
lem is emphasised by the following data referring to some of the corresponding derivatives of 
d-amyl] alcohol, which differs from $-octanol principally in being a primary alcohol and 
in having the asymmetric atom situated one remove from the hydroxyl group. Only a 
few typical aromatic solvents were examined on account of the limited amount of the 
active material available. 


TABLE IX. 
Rotatory Powers, [M]z%, of d-Amyl Derivatives in Solution (1 = 4, c = 5). 
Solvent. pw x 10'8. Alcohol.* Methylether. Bromide. o-Toluate. 
+ 0°46° 
+ 0°8 
9 
7 


+ 
i.2) 
° 


++++ 
2a! PISS 
mm Go ongnce 


3°85 

3°89 

The experimental errors in these determinations are relatively large: a;4,, varied from 0°02° for the 
methyl ether in C,H,*CN to 1°46° for the toluate in C,H,*NO,. 


* Values for the alcohol were determined by Miss M. M. Barnett. 


| 


0- 
0: 
0: 
0° 


++ 
aa 


Although the observed optical changes are small, owing to the low rotatory powers of 
the active compounds, in every case the direction of the displacement is quite definite. 
On the basis of the above table we may divide the amyl] derivatives into two groups, one ° 
comprising the levorotatory alcohol and its dextrorotatory toluic ester, which are displaced 
in a positive sense as the polarity of the solvent increases, and the other including the ether 
and the bromide, which are displaced in a negative sense. It will be noted that these 
variations do not bear any simple relationship to those undergone by the corresponding 
octyl derivatives. Hence, although the optical rotation exhibited by each compound in 
solution is related to the dipole moment of the solvent employed, the direction of the change 
does not at present provide any means of determining the configurations of the active 
solutes, at all events in cases where the latter differ in chemical constitution. A similar 
difficulty has been encountered by earlier workers in attempts to make use of the effect of 
added salts in determining the configuration of active compounds. 


DISCUSSION. 


Each of the fifteen sec.-8-octyl and d-amyl compounds under examination exhibits 
rotatory powers in solution which are closely related to the dipole moment of the solvent, 
provided that monosubstituted derivatives of the same hydrocarbon are employed for the 
comparison. In eleven of these cdses, viz., octyl alcohol, the octyl and amyl ethers, amyl 
bromide, nitro-octane, and the six octyl toluic and methoxybenzoic esters, the magnitude 
of the optical rotation tends to vary in the opposite sense to the dipole moment of the 
medium. In the remaining four cases, d-amyl alcohol (regarded as a dextro-compound), 
amyl o-toluate, and octyl chloride and bromide, the reverse relation obtains, the highest 
rotations being given in highly polar solvents. «-Methyl-n-hexoic acid, which strictly 
does not belong to either of the above groups of active compounds, only showed very small 
differences in rotatory power, the values being somewhat higher in polar than in non-polar 
solvents. 

In seeking for an explanation of these solvent effects in terms of the theory of dipoles, 
we may take the case of an optically active liquid of simple structure, containing not more than 
one polar substituent, and consider briefly the variations in the internal molecular field 
resulting from dilution with solvents of varying polarities. Where a polar substituent is 
present in the active molecule, it is assumed that the electrical field exerted by it upon the 
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groups attached to the asymmetric atom represents one of the contributory factors govern- 
ing the magnitude of the rotatory power. This field may be modified by variations in the 
degree and mode of association occurring between the active molecules or between those 
of the active compound and an added solvent, and also to a smaller extent by any variation 
in the average orientation of the molecules with respect to one another. In the majority 
of cases we are not yet in a position to predict with any certainty the direction in which the 
rotatory power of the compound will be displaced by solution in a highly polar solvent, 
but once this direction has been determined it should at all events be possible to correlate 
this effect with that arising from an increase in the concentration of the solute when 
dissolved in a hydrocarbon solvent. 

From the data already obtained in these studies, it is suggested that optically active 
solutes may be divided into four main classes, according to the nature of the substituent 
groups present and their reaction towards the solvent. 

Class I. Non-polar solutes. The chief representatives of this group are saturated 
hydrocarbons, the molecules of which in the homogeneous liquid may be regarded as 
assuming an almost entirely random orientation towards one another. This random 
arrangement may be expected to persist evan when the compound is dissolved in solvents 
of a non-polar or polar character, so that, although in the latter case the internal field of 
the asymmetric molecule may suffer momentary changes under the influence of the polar 
groups in the solvent molecules, yet these fluctuations will tend to nullify one another in 
the aggregate. Little or no variation in rotatory power ts therefore probable when the compound 
passes from the homogeneous state into solution, or when a change is made in the concen- 
tration. So far, no examples of this type have been examined. 

Class II. Weakly polar solutes. Into this group fall compounds having low dipole 
moments, including the majority of unsaturated hydrocarbons, ethers, alcohols, esters 
and halogen derivatives. Many of these do not appear to undergo association when 
examined in solution by cryoscopic or ebullioscopic methods, but there is no doubt that 
the molecules tend to assume a definite orientation with respect to one another, as is shown 
by polarisation data. In a homogeneous optically active liquid of this type the molecular 
orientation would be expected to bring about some modification of the internal field and 
hence also of the rotatory power. Generally speaking, in the case of a substance possessing 
one weakly polar grouping, the mutual orientation of the molecules may be assumed 
partially to neutralise the polar field of the substituent and so to diminish its characteristic 
effect upon the rotatory power. Owing to the weakness of the intermolecular forces, 
when such a compound is diluted with a non-polar medium the molecules are largely 
separated from one another by the diluent. Under these conditions, the internal field 
due to the polar group is no longer diminished by mutual orientation and its full influence 
is exerted on the rotatory power. In the majority of monosubstituted optically active 
compounds having the substituent in close proximity to the asymmetric atom, the rotatory 
power is largely governed by the nature of the polar group; consequently, dilution with a 
non-polar medium commonly results in a rise in molecular rotation. 

When the solute is dissolved in a strongly polar liquid, effects of a contrary nature are 
observed. Here the partial orientation of the molecules in the homogeneous solute is 
replaced by a still more definite arrangement due to the stronger polar forces of the solvent 
molecules. In a solution of this kind the normal result of dilution is a more complete 
neutralisation of the field due to the substituent in the active compound, leading in most 
cases to a diminished rotatory power. In the same way, solvents of intermediate polarity 
will produce changes lying between these extremes. From these considerations it is seen 
that for dilute solutions the rotatory power should be closely related to the dipole moment of 
the solvent. Apart from certain minor displacements, these conclusions are supported by 
the properties of the hydroxy-, methoxy-, ester, and halogen derivatives under discussion, 
although in several cases, which have already been specified, the direction of the optical 
change is in the reverse sense to that indicated above, the highest rotatory powers being 
observed in the presence of strongly polar solvents and low values in non-polar media. 

Among solutes of this class, octyl alcohol, octyl methyl ether, and octyl chloride and 
bromide have been examined at various concentrations in a non-polar solvent, for the pur- 
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pose of determining the change resulting from the increased molecular orientation which 
occurs as the concentration of the solute rises. In every case the displacement in optical 
activity is in the same sense as that produced by increasing the polarity of the solvent, 
a change which also corresponds to an increase in the degree of molecular orientation. 

The variation in rotatory power, if any, which results when an optically active mono- 
substituted hydrocarbon (e.g., d-octyl bromide) is diluted with a solvent of the same 
chemical type and containing the same substituent (e.g., an alkyl bromide) would appear 
to depend primarily upon the molecular polarisations of the two media. If the solvent 
has a higher molecular polarisation than the active liquid, then the degree of orientation 
existing between solute and solvent molecules under the new conditions will be greater 
than that occurring between the active molecules before dilution. The addition of the 
solvent is thus equivalent to an increase in the polarity of the medium. Other factors, 
such as the creation of induced polarities in a hydrocarbon radical under the influence of 
polar groups in adjacent molecules, which appears to occur comparatively readily with 
aromatic nuclei, may also be expected to produce minor changes in the field and therefore 
in the rotatory power. At present, however, owing to the lack of the necessary data, 
these secondary effects cannot be estimated. But, considering the wide range of molecular 
polarisation values covered by the solvents employed in these investigations, it might be 
anticipated that the rotatory powers of all the active compounds in the homogeneous 
state would exhibit values intermediate in magnitude between the extreme limits observed 
for dilute solutions in non-polar and highly polar solvents respectively. This conclusion 
is borne out by the figures recorded in the tables for the various hydroxy-, methoxy-, 
halogen, and nitro-compounds investigated. d-Amyl bromide (Table IX) and d-nitro- 
octane (Table VI) which were only examined in aromatic solvents, form partial exceptions, 
but even in these cases the rotations for the homogeneous liquids differ from the lowest 
observed values in solution by no more than the experimental error involved in the deter- ° 
mination. Since aliphatic solvents derived from methane generally lead to greater vari- 
ations than monosubstituted benzenes, it is possible that these compounds would not 
have been exceptional had solvents of the former type been employed. On the other 
hand, the rotatory powers of the more complex toluic and methoxybenzoic esters, apart 
from the octyl and amyl o-toluates, all lie a few degrees above the highest values found 
in solution, thus indicating the existence of other factors influencing the magnitude. 

Class III. Strongly polar solutes. In this group are included compounds such as 
nitro-, cyano-, and ketonic derivatives, all of which exhibit a strong tendency to undergo 
association even when dissolved in solvents of low or zero polarity. In such cases the 
considerations laid down under Class II still hold, modified, however, by the special charac- 
teristics of the highly polar compounds. 

The rotatory power of the homogeneous compound in the liquid state will be strongly 
affected by the high degree of association existing between the molecules, and in the majority 
of cases this will result in a lowered optical rotation. The changes following upon dilution 
with a solvent depend on the extent to which the latter is capable of breaking up these association 
complexes. Nitro-compounds and many substances containing the ketonic grouping 
still remain more or less associated at high dilutions in cyclohexane, hexane, or even benzene. 
Solutions of this kind therefore exhibit a rotatory power not far removed from that of the 
highly associated solute in the homogeneous state. When a weakly polar solvent is em- 
ployed, the original solute complexes may become disrupted, leading either to the formation 
of new solute—-solvent aggregates, or merely to a mutual orientation of solvent and solute 
molecules. In this event the rotation of the homogeneous liquid is considerably modified 
by the presence of the solvent, and in the majority of cases assumes a higher value. On 
dilution of the active solute with a highly polar solvent, however, the electrical state of 
the active molecules undergoes relatively little change, the highly associated solute 
aggregates being replaced by others formed by union between solvent and solute; this 
condition therefore resembles that occurring in hydrocarbon solvents. In illustration we 
may quote the case of nitro-octane, which exhibits very low rotations, not only in the 
homogeneous state and in nitrobenzene solution, but also when dissolved in hydrocarbons, 
although considerably higher values are obtained in the presence of weakly polar solvents. 
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Carboxylic acids are known to exist in the form of exceptionally stable association 
complexes, despite the relatively low dipole moments which have been assigned to them. 
It must be remembered, however, that the carboxyl group is a composite, containing as 
it does a ketonic and a hydroxylic dipole, both of which are of relatively high polarity. 
For this reason, the influence of the carboxyl group frequently classes it with the highly 
electronegative substituents, as is seen in its effect not only upon properties such as ionis- 
ation, chemical reactivity, and degree of association, but also in the behaviour of optically 
active acids in solution. From the values recorded in Table VII it will be noted that 
«-methyl-n-hexoic acid undergoes remarkably little alteration in rotatory power with 
change of solvent, a result which might have been expected if the carboxylic aggregates 
are not readily disrupted by non-polar or weakly polar solvents. 

In addition, it seems probable that a similar explanation may be applied to certain 
abnormal values given by optically active solutes of moderate polarity in the presence of 
saturated hydrocarbon solvents. For example, reference to Table IV shows that octyl 
chloride and bromide yield solutions of intermediate activity in hexane and cyclohexane, 
possibly owing to the fact that in these media the polar molecules do not assume an entirely 
random orientation. 

Class IV. In this group may be placed compounds which, when brought into contact 
with certain solvents, suffer electronic rearrangement due to compound formation, co- 
ordination, ionisation, etc. Examples of this type are carboxylic acids dissolved in basic 
solvents, bases in alkyl halides, and ethers or ketonic derivatives in the presence of strong 
acids. The irregular changes found for octyl alcohol on progressive dilution with hexane 
may be traced to a similar origin, viz., to alterations in the manner in which the alcohol 
molecules are associated with one another. On the other hand, the behaviour of octyl 
methyl ether, nitro-octane, and the octyl halides on dilution with non-polar solvents is 
represented by smooth curves without maxima or minima. These observations are in 
agreement with the polarisation changes which are characteristic of the types of organic 


compound in question. 


No detailed analysis can be made of the actual direction of the optical displacement 
in any given case. Quite apart from the probability that these changes may be brought 
about by different mechanisms, a further complication is that, except in the halides, the 


more polar groups represent systems of two (or more) dipoles, ¢.g., C—O—H, C—O—Me, 
which, at all events in the alcohol and ether, are oriented in opposite directions to one 


another. 


EXPERIMENTAL. 


The starting point in the prepn. of the following octyl derivatives was octyl alcohol (aji;, 
+ 9-60° to + 9-67°, / = 1), obtained from the racemic hydrogen phthalate (Kenyon, J., 1922, 
121, 2540). 

d-8-Octyl chloride was prepared from the /-alcohol by the method of McKenzie and Tudhope 
(J. Biol. Chem., 1924, 62, 551), SOC1, being used in the presence of C;H;N. Different prepns. 
had rotations varying from «a, + 31-1° to 35-0° (1 = 1). McKenzie and Tudhope record 
a? + 29-2°; Houssa, Kenyon, and Phillips obtained a sample of «}3° + 31-0°. Octyl bromide 
was prepared with the aid of PBr, (Shriner and Young, J. Amer. Chem. Soc., 1930, 52, 3337). 
It gave a, + 44-0° (1 = 1), a considerably higher value than that found by the above authors, 
viz., a” + 29-8°.* 

Methyl] d-octyl ether was obtained by using a slight modification of Kenyon and McNicol’s 
procedure (J., 1923, 123, 14), any unchanged d-alcohol being removed by treating the ether with 
p-nitrobenzoyl chloride and dry C;H;N. The rotation of the product varied from «3j;, + 6-14° 
to + 7-36° (i = 1). The above authors found + 7-14°. 

6-Nitro-octane, prep. according to Shriner and Young (loc. cit.), had a%;, + 15°42° (i = 1). 
The authors do not give sufficient data for a comparison with their product. 

a-Methyl-n-hexoic acid, m. p. 96°, was obtained by the malonic ester synthesis and purified 
by solution in C,H,, followed by pptn. with light petroleum. Resolution, which was incomplete 


* No polarimeter was available at this period for use with the D line, hence no direct comparison 
was made at this wave-length. 
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owing to the small amount of material, was effected by use of quinine (cf. Levene and Bass, 
J. Biol. Chem., 1926, 70, 211). The d-acid gave [a]?” 15-7° in Et,O (c = 5). Levene and Bass 
record + 19-5° (c = 5-5). 

The various octyl esters were redistilled from samples prepared by Rule and co-workers 
(J., 1926, 2116; 1928, 178). 

(With J. HAaRROWER.) The following were prepared from d-amyl alcohol supplied by Prof. 
A. McKenzie. d-Amyl alcohol, 11 g., purified by distillation over Ca (b. p. 125—127°, ali, 
— 5-05°,/ = 1), was converted into the bromide by heating with HBr (Marckwald, Ber., 1904, 37, 
1046), any unchanged alcohol being removed with conc. H,SO,. The bromide (4-8 g.) had 
[x]??” + 3-33°; Marckwald records + 3-68°. Methyl d-amyl ether was obtained by the method 
adopted for methyl octyl ether by Kenyon and McNicol (J., 1923, 123, 17) from d-amy] alcohol 
(14 g.) in dry Et,O, K (3-9 g.), and Mel (14 g.). This gave the methyl ether (4 g.), b. p. 91— 
94°/753 mm., and a2i;, + 0-34° (1 = 1) (Guye and Chavanne, Bull. Soc. chim., 1896, 15, 301, 
found «j§* + 0-29°). d-Amyl o-toluate, prepared from the acid chloride, C,H;N, and d-amyl 
alcohol (2-8 g.), had aj)” + 5-27° (J = 1) (Guye and Chavanne, Joc. cit., p. 291, record a?” + 4-51°, 
1 = ]). 


The authors desire to thank the Moray Fund and Imperial Chemical Industries, Ltd., for 
grants. 
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103. The Action of Selenium Dioxide on Sterols and Bile Acids. 
Part I. Ergosterol and Dihydroergosterol. 


By R. K. Cattow and O. ROSENHEIM. 


TnE introduction of selenium dioxide as an oxidising agent for organic compounds by 
Riley, Morley, and Friend (J., 1932, 1875) suggested an investigation of its action on 
sterols and bile acids. Montignie (Bull. Soc. chim., 1932, 51, 144) had previously stated 
that the precipitation of selenium from a hot alcoholic solution of selenium dioxide was a 
reaction characteristic of ergosterol and “ y-dihydroergosterol.” A preliminary examin- 
ation has now been made of the behaviour of fifty representatives of this group towards 
selenium dioxide. In aqueous-alcoholic solution marked differences in reactivity are 
observed. The separation of selenium at room temperature takes place with ergosterol, 
dihydroergosterol, lumisterol, calciferol, and apocholic acid. In a number of other cases, 
mostly ergosterol derivatives, reaction takes place readily on the water-bath. A third 
class, which includes nearly all the derivatives of cholesterol examined, does not react 
under these conditions, but reaction generally takes place in acetic acid or nitrobenzene 
at 100°. It is notable that the compounds which have been assumed to contain an 
ethenoid or bridge linkage resistant to catalytic hydrogenation are among the more 
reactive compounds, and comparison of the behaviour of «- and $-ergostenols and afo- 
cholic and dihydroxycholenic acids confirms in another particular the analogy between 
the reactions of these two pairs of compounds to which attention has been drawn by 
Rosenheim and King (Chem. and Ind., 1932, 464, 954) and by Morrison and Simpson 
(J., 1932, 1710). 

The formation of a ketone, which might have been expected in analogy to the specific 
oxidising action of selenium dioxide on other unsaturated compounds (Riley and Friend, 
J., 1932, 2342; Schwenk and Borgwardt, Ber., 1932, 65, 1601), has not been observed in 
the cases in which the products have been examined. In these the main reaction is 
either a partial dehydrogenation (ergosterol, «-ergostenol, and apocholic acid), or the 
formation of an oxide (dihydroergosterol and cholesterol). 

The reaction of ergosterol with selenium dioxide is a complex one, but the main product 
formed at room temperature is dehydroergosterol, previously obtained by the dehydro- 
genating action of mercuric acetate on ergosterol in boiling alcohol (Windaus and Linsert, 
Annalen, 1928, 465, 157). Dihydroergosterol yields at room temperature mainly dihydro- 
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ergosterol oxide, accompanied by some ergosterol-D. The latter compound has been 
obtained previously by dehydrogenation of dihydroergosterol by mercuric acetate (Windaus 
and Auhagen, Annalen, 1929, 472, 185; Heilbron, Johnstone, and Spring, J., 1929, 2248) 
or by perbenzoic acid (Windaus and Liittringhaus, Annalen, 1930, 481, 119). Ergo- 
sterol-D does not appear to be formed from the oxide by way of a di-tertiary glycol and 
loss of water, but rather by an alternative reaction directly from dihydroergosterol. In 
presence of a little sulphuric acid dihydroergosterol oxide acetate actually yields ergo- 
sterol-B, acetate, which contains two conjugated double linkages and reacts readily with 
maleic anhydride (Windaus, Dithmar, Murke, and Suckfiill, Annalen, 1931, 488, 100). 
The acetate of ergosterol-D, which does not react with maleic anhydride (Windaus and 
Liittringhaus, Ber., 1931, 64, 850), does not isomerise under these conditions, although it 
yields the acetate of ergosterol-B, with hydrogen chloride in chloroform (Windaus, Dithmar, 
Murke, and Suckfiill, Joc. cit., p. 98). 

Investigation of the other reactions mentioned in the experimental part is in progress, 
and an interpretation of the results on the basis of the new cholane formula (Rosenheim 
and King, /oc. cit.) will be given in the next communication. 


EXPERIMENTAL. 


The following procedure was used for testing reactivity with SeO,. The substance (5— 
10 mg.) and an equa! amount of SeO, in a test-tube were shaken with 2—3 c.c. of the solvent, 
and, when reaction did not take place at room temp., the contents of the tube were warmed 
gently until solution was complete, and then heated on the water-bath. In the case of those 
substances which are described as reacting readily a pink ppt. of Se appeared within 5 min., 
sometimes preceded by a turbidity. In some cases, in which at most a slight yellowing or a 
mere trace of Se was observed, even after prolonged boiling, the reaction was considered to 
be negative. The following results were obtained : 

(i) Cholesterol and its derivatives. Cholesterol, cholesteryl acetate, cholesteryl chloride, 
cholesteryl bromide, a//ocholesterol, y-cholesterol, «-cholestantriol, cholesteryl ether, «-chole- 
sterol oxide, y-cholestane, cholestene, y-cholestene, cholesterilene, cholestan-6-one, chole- 
stenone, cholestan-6-on-3-ol acetate, cholestan-3 : 6-dion-5-ol, oxycholesterylene, oxychole- 
stenone, and coprosterol did not react with SeO, in boiling 90% EtOH. Reaction took place 
in AcOH at 100° with all these substances with the exception of «-cholestantriol, y¥-cholestane, 
cholestan-6-on-3-ol acetate, and oxycholesterylene. Cholestan-3 : 6-dione and coprostanone 
reacted both in 90% EtOH and in AcOH. 

(ii) Phytosterols. Sitosterol and stigmasterol did not react in 90% EtOH, but reacted in 
AcOH at 100°. 

(iii) Mycosterols. Ergosterol, dihydroergosterol, lumisterol, and calciferol reacted at room 
temp. in 90% EtOH. Ergosteryl benzoate, dehydroergosterol, ergosterol peroxide, ergo- 
sterol-B,, ergosterol-D, «-ergostenol, «-ergostene, «-ergostenone, and dihydroergosterol oxide 
reacted in boiling 90% EtOH. §-Ergostenol and dehydroergostenol reacted only in AcOH 
at 100°. Zymosterol reacted slightly in boiling 90% EtOH (admixture of ergosterol ?). 

(iv) Bile acids. apoCholic acid reacted in 80% EtOH at room temp., whilst methyl apo- 
cholate, methyl dihydroxycholenate, choladienic acid, and cholatrienic acid reacted in boiling 
90% EtOH, and dihydroxycholadienic acid reacted only in AcOH at 100°. Cholic, deoxy- 
cholic, 12-ketocholanic, and dehydrodeoxycholic acids did not react in EtOH or in AcOH 
at 100°. 

Of substances related to the sterols, 8-amyrin benzoate reacted in AcOH at 100°, but not 
in aq. EtOH; abietic acid reacted readily in boiling 90% EtOH; ketohydroxycestrin reacted 
slowly in AcOH at 100°; digitoxigenin and gitoxigenin reacted in AcOH at 100°, whilst 
digitaligenin did not react either in boiling aq. EtOH or in AcOH at 100°. 

Ergosterol and SeO,.—The reaction takes place in dil. EtOH solution at room temp., but is 
most conveniently carried out in a mixture of C,H, and EtOH, in which the ergosterol is more 
sol. To ergosterol ([«]544, — 165° in CHCl,; 5g.) in 250 c.c. of C,H, and 50 c.c. of 95% EtOH 
was added a solution of SeO, (5 g.) in 25 c.c. of 95% EtOH, and the mixture was kept for 
19 hr. at about 18°. The pptd. Se (0-65 g.) was removed, H,O added, and the C,H, layer 
washed with H,O, dried over Na,SO,, and evaporated. The residue was extracted with 
MeOH (100 c.c. in two portions). The crude product which separated (1-9 g., m. p. 85—120°) 
was recrystallised from MeOH (charcoal), and the dehydroergosterol acetylated by boiling 
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with Ac,O. Recryst. from EtOAc, the acetate had m. p. 145—147°, [a]?” + 162°, [a]%, 
+ 201° in CHCl,. The identity of the product was further confirmed by preparing the 
3: 5-dinitrobenzoate from the crude sterol by treatment with 3: 5-dinitrobenzoyl chloride in 
C;H,N at 100° for 20 min. Recryst. from EtOAc, dehydroergosteryl 3 : 5-dinitrobenzoate formed 
crimson leaflets, m. p. 185—189° (colour changes to yellow at 170°). The ester from dehydro- 
ergosterol prepared from ergosterol and Hg(OAc), had m. p. 186—189° (colour change at 179°), 
[x}20, + 126° in CHCl, [Found (micro.): C, 71-4; H, 7-6. C3;H,yO,gN, requires C, 71-4; 
H, 7-5%]. A mixture of the two specimens had m. p. 185—189°. 

When a solution of ergosterol (10 g.) and SeO, (10 g.) in 959% EtOH (250 c.c.) was refluxed 
for 30 min., 2-9 g. of Se, corresponding to the consumption of 1-5 mol. SeO,, were pptd. The 
product was a red-brown tar, from which crystals could not be isolated. Treatment of a 
portion with semicarbazide yielded a trace of cryst. product which was not further investigated. 

Preparation of Dihydroergosterol.—It was not found possible to reduce ergosterol completely 
by the action of Na in EtOH (Windaus and Brunken, Annalen, 1928, 460, 232; cf. Heilbron, 
Johnstone, and Spring, J., 1932, 926). The desired product was obtained conveniently by 
hydrogenation of ergosterol (10 g.) in Et,O (750 c.c.) in presence of palladised charcoal (10 g. 
from 1 g. PdCl,). After absorption of 750—800 c.c. of H (1-5 mols.) the product no longer 
gave a blue colour with CCl,-CO,H. After recrystn. from EtOH the product was treated with 
BzCl in C;H,;N. The benzoate, m. p. 190—194°, from EtOAc, yielded dihydroergosterol, 
m. p. 173—175°. Dihydroergosteryl 3 : 5-dinitrobenzoate, colourless needles from EtOAc, m. p. 
206-5—207-5°, [a]? — 1-8°, [«]?{,, — 2-0° in C,H,, was prepared in the usual way [Found 
(micro.): C, 71-0; H, 8-0. C,;H,gO,N, requires C, 70-9; H, 8-2%]. 

Dihydroergosterol and SeOQ,.—Dihydroergosterol (3-6 g.) and SeO, (3-6 g.), dissolved in a 
mixture of C,H, (80 c.c.) and 95% EtOH (240 c.c.), were allowed to react at 37° for 24 hr. 
The Se (0-35 g.) was separated, the filtrate poured into 500 c.c. of H,O, and the C,H, layer 
separated, washed with H,O, dried, and evaporated. The residue was treated with 3 : 5-dinitro- 
benzoyl chloride (4 g.) in C;H;N. The crude ester (4 g.), recryst. once from C,H,—MeOH, . 
had m. p. 178—182°. After 5 recrystns. from EtOAc it formed brownish-yellow needles, 
m. p. 196—198° (decomp.). It was not pure, as shown by the presence of a somewhat high 
proportion of C [Found (micro.): C, 69-6, 69-5. Calc., 69-0%], and a low optical rotation as 
compared with the pure product described below. Hydrolysis of the ester by NaOH in EtOH 
and pptn. of the product by H,O yielded dihydroergosterol oxide, which, recryst. from MeOH, 
formed soft needles, m. p. 99° when rapidly heated, containing solvent of crystn. (Found: 
Loss at 95°/0-1 mm. over P,O,, 3-2. Calc. for C,,H,,0,,0-5MeOH, 3-7%). After drying over 
P.O, at room temp., it lost the solvent and had m. p. 110—111°, [a]}®" — 44-3°, [a]?%, — 53-1° 
in CHCl, [Found : No loss at 95°/0-1 mm., and (micro.) C, 80-9; H, 11-2. C,,H,,O, requires 
C, 81-1; H, 11-2%]. The absorption spectrum in EtOH showed a faint band at 242 my which 
could be accounted for by the presence of 1-5% of ergosterol-D. The colour reactions were as 
follows : Salkowski, CHCl], layer yellow, acid red; Liebermann—Burchard, purple, then blue, 
finally green; CCl,-CO,H, pink, with green fluorescence; Hg(OAc), in HNO, added to CHCl, 
solution, CHCl, layer blue, acid yellow; SbCl;, pink; Tortelli-Jaffe, green. The digitonide 
is readily sol. in EtOH. No ppt. is produced by a 1% solution of digitonin in 90% EtOH 
added to a conc. solution of the oxide, but the digitonide is pptd. by excess of H,O. 

Dihydroergosterol oxide acetate, needles from MeOH, m. p. 95—105° (with solvent of crystn.), 
and m. p. 107—109° (dried over P,O, in vac.), [«]??” — 47°, [«]2%, — 58° in CHCl, was pre- 
pared by treating the alcohol with Ac,O in C;H,;N at 100° for 30 min., followed by pptn. of 
the product by addition of H,O [Found (micro.): C, 79-1; H, 10-7. CygH,,O3 requires C, 
78-9; H, 106%]. The benzoate, needles from aq. EtOH, m. p. 118—120°, [a]? — 36°, [a] 
— 43° in CHCl;, was prepared from the alcohol by treatment with BzCl in C;,H,N [Found 
(micro.): C, 80-8; H, 9-8. C3;H;,0, requires C, 81-0; H, 9-7%]. Dihydroergosterol oxide 
was obtained by hydrolysis of the acetate or benzoate in EtOH with NaOH. The 3: 5-dinttro- 
benzoate, pale yellow needles from EtOAc, m. p. 198° (decomp.), [«]?” — 25°, [a]?%, — 30° in 
C.H,, was prepared from the alcohol in the usual way [Found (micro.): C, 69-2; H, 81. 
C35H,,O,N, requires C, 69-0; H, 8-0%]. 

Separation of Ergosterol-D.—The crude product from dihydroergosterol and SeO, was 
refluxed with Ac,O for 10 min.; an oil separated, on cooling, which slowly solidified (yield, 
3 g.,m. p. 75—105°, from 4 g. of dihydroergosterol). Recryst. from EtOH, this yielded 0-6 g. 
of a product, m. p. 146—154°, which, after being four times recrystallised from acetone, had 
m. p. 170—173°, [a] + 11°, [a]%3, + 13° in CHCl,. Hydrolysis with NaOH in EtOH yielded 
the sterol, leaflets from EtOH, m. p. 162—164°, [«]?” + 17°, [a], + 20° in CHCl,. The 
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absorption spectrum in EtOH showed a sharp max. at 242 my (e/c = 54) with subsidiary 
bands at 238 and 252 my. The correspondence in physical properties with those recorded in 
the literature for ergosterol-D is fairly close. 

Ergosterol-B, from Dihydroergosterol Oxide——When dihydroergosterol oxide was refluxed 
with Ac,O for a few min., or, in presence of excess of anhyd. NaOAc, for 15 min., the product 
was the acetate of the oxide described above. When, however, the boiling with Ac,O alone 
was prolonged for 20 min., a further change occurred. In the light of subsequent experience 
this is to be attributed to the presence of traces of mineral acid. In one such case, after 12 hr., 
crystals separated, m. p. 134—138°. Recryst. four times from EtOH, the compound formed 
thin leaflets, m. p. 139—141°, [a]®” — 196°, [«]%;, — 241° in CHCl, [Found (micro.): C, 
81-8; H, 10-1. Cz9H,,O, requires C, 82-1; H, 10-6%]. Hydrolysis by NaOH in EtOH 
yielded the sterol, leaflets from aq. EtOH, m. p. 136—137-5°, [a]#” — 207°, [a], — 253° in 
CHCl,. The absorption spectrum in EtOH showed a sharp max. at 242 my (e/c = 25-5). 
The physical properties agree with those recorded for ergosterol-B;. 

The formation of ergosterol-B, also occurred when dihydroergosterol oxide acetate (50 mg.) 
was dissolved in AcOH (1 c.c.), and 1 drop of conc. H,SO, added. Crystals separated imme- 
diately, which were collected and washed with MeOH. They had m. p. 137—139°, not depressed 
by admixture with ergosterol-B, acetate. Also, when the oxide acetate (50 mg.) in MeOH 
(10 c.c.) with 3 drops of 2N-H,SO, was refluxed for 10 min., leaflets separated on cooling, 
m. p. 133—135°, not depressed by admixture with ergosterol-B, acetate. A similar expt. 
with ergosterol-D acetate yielded unchanged initial material, m. p. 170—173°. 


We are indebted to Mr. F. A. Askew of this Institute for the absorption measurements 
recorded. These were made by the method described by Philpot and Schuster (Special Report 
Series, Medical Research Council, 1933, No. 177). 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
Lonpon, N.W.3. (Received, March 3rd, 1933.] 





104. The Condensation of Anthranilic Acid with 4-Chloroquinaldine and 
with 2-Chlorolepidine. 


By O. G. BACKEBERG. 


WHEN 4-chloroquinaldine is refluxed with anthranilic acid in acetic acid solution, the 
hydrochloride of 4-0-carboxyphenylaminoquinaldine (1) is formed. The free base is con- 
verted by concentrated sulphuric acid at 100° into 7-keto-6-methyl-7 : 10-dihydro-8 : 9-benz- 
quinoguinoline (II). This base, which is given an acridone in preference to an anthranil 
structure on account of its yellow colour and its stability to alkalis, yields 6-methyl-8 : 9- 
benzquinoquinoline on distillation with zinc dust. 


NH NH 
(I.) *é 
N N 


HO,C Me O Me 


The corresponding reaction between anthranilic acid and 2-chlorolepidine investigated 
by Ephraim (Ber., 1892, 25, 2710) gave a colourless compound, which he suggested was 
N-(2-lepidyl)anthranil (III) rather than the acridone (IV) on the ground that an acidic 
product, which he does not describe, is formed by the action of alcoholic potash. The same 
condensation is referred to in E.P. 321738, the reaction being carried out in nitrobenzene 
solution, and the product is said to be 2-0-carboxyphenylaminolepidine (V). It has, 
however, been found that the product is the same whether the reactants are heated together 
alone, in acetic acid or in nitrobenzene solution, giving rise to the compound (III) described 
by Ephraim. The ready hydrolysis of this compound to the acid (V) by aqueous-alcoholic 
caustic soda establishes its anthranil structure, as suggested by Ephraim. It has not been 
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found possible to convert (V) into the acridone (IV) ; heating alone or refluxing with acetic 
anhydride—operations which have no action on (I)—reconvert (V) into the anthranil 
(III), and heating with sulphuric acid produces a complex substance containing sulphur, 
whose structure has not been elucidated. 

N NH N NH 


N 

OO OOOO OOD 
Me : Me XO Me C68 
(III.) (IV.) (V.) 


(Analyses were carried out by Pregl’s micro-methods.) 


4-0-Carboxyphenylaminoquinaldine (I).—4-Chloroquinaldine (1 mol.) and anthranilic acid 
(1 mol.) were refluxed for 3 hr. in ACOH. Conc. HCl was added to the cooled solution diluted 
with H,O. The hydrochloride of (I), which separated as a gelatinous mass, crystallised from 
dil. HCl in long, yellow, silky needles, which lost HCl on drying over P,O,;. The base crystal- 
lised from dil. ACOH in cream-coloured needles, m. p. 309—310° (decomp.) (Found: C, 73-6; 
H, 4:9. C,,H,,O,N, requires C, 73-4; H, 5-0%). 

7-Keto-6-methyl-7 : 10-dihydro-8 : 9-benzquinoquinoline (II).—The reddish-brown solution 
with a strong blue fluorescence obtained by heating (I) at 100° with an equal wt. of conc. H,SO, 
for 30 min. was poured into H,O, a cream-coloured sulphate, unmolten below 320° and insol. in 
all ordinary solvents except alc. or aq.-alc. alkali, being pptd. (Found: H,SO,, 15-5. 
2C,7H,,0ON,,H,SO, requires H,SO,, 15-9%). The base, pptd. from a cooled solution of the 
sulphate in aq.-alc. NaOH by AcOH, crystallised from EtOH or dil. pyridine in yellow 
needles, m. p. 295—296° (decomp.) (Found: C, 78-45; H, 4:5. C,,H,,ON, requires C, 78-5; 
H, 46%). Picrate, chars at 270—280°. 

6-Methyl-8 : 9-benzquinoquinoline.—When a mixture of 2 g. of (II) and 50 g. of Zn dust was ~ 
heated in a current of dry H, a base (0-3 g.) distilled which solidified in yellow needles, m. p. 137° 
after recrystn. from dil. EtOH (Found: C, 83-5; H, 5:1; M, by micro-Rast, 248-9. C,,H,.N, 
requires C, 83-6; H, 4:9%; M, 244). It was easily sol. in EtOH, C,H,, and Et,O, the solutions 
having a green fluorescence, and readily sol. in mineral acids, giving an intense green fluores- 
cence with conc. H,SO,. The chloroplatinate was pptd. from alc. solution as an orange- 
coloured solid which darkened without melting at 325° (Found: Pt, 21-9. 2C,,H,,N2,H,PtCl, 
requires Pt, 21-7%). Picrate, m. p. 234° (decomp.). 

2-0-Carboxyphenylaminolepidine (V).—The compound (III), prepared according to Ephraim 
(loc. cit.), was crystallised from Ac,O; m. p. 217° (Found: C, 78-5; H, 4:6. Calc. for C,,H,,ON;: 
C, 78-5; H, 46%). Picrate, m. p. 223° (Ephraim gives 213° and 217° respectively for the 
base and the picrate). Crystallised from hot dil. HCl, the hydrochloride formed colourless 
needles, m. p. 222° (decomp.) : drying at 110° appeared to cause partial dissociation (Found : 
Cl, 10-6. C,,H,,ON,,HCl requires Cl, 11-3%). The base was unchanged by distillation with 
Zn dust as well as by heating with conc. H,SO, at 100°. It was converted into (V) by refluxing 
it with aq.-alc. NaOH for 30 min. and acidifying the clear cooled solution with AcOH; a pale 
yellow solid separated, insol. in all ordinary org. solvents except ACOH, which was washed, and 
dried over P,O,; m. p. 202° with shrinking at 175—180° (Found : C, 73-3; H, 5-15. Calc. for 
C,,H,,O,N,: C, 73-4; H, 50%). 


The author thanks Prof. H. Stephen for his interest in the work. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA. (Received, March 6th, 1933.] 





105. Seleniwm Dioxide, a New Oxidising Agent. Part III. Its 
Reaction with Some Alcohols and Esters. 
By S. Astin, A. C. C. NEWMAN, and H. L. RILey. 


ALTHOUGH selenium dioxide is not reduced by the simpler aliphatic alcohols at their 
boiling points, reaction occurs at slightly higher temperatures and the possibility of the 
direct formation of glyoxals (see Part I; J., 1932, 1875) from the corresponding alcohols 
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led to the investigation of the oxidation products from ethyl, m-propyl, and n-butyl 
alcohols. The yield of a particular oxidation product was largely determined by its 
stability in the presence of excess selenium dioxide at the temperature of the reaction. 
Whereas ethyl alcohol gave an appreciable quantity of glyoxal when oxidised at 200°, 
only traces of methyl- and ethyl-glyoxal were formed under similar conditions from 
propyl and butyl alcohol respectively. The reactions with alcohols were much more 
complex and sensitive to temperature changes than those with aldehydes and ketones 
(Part I), the formation of dialkyl selenites, solids of the formula (CH,)x, glyoxals, and 
oxides of carbon occurring. 

The reaction with benzyl alcohol proceeded, but not completely, at the b. p. of the 
alcohol and gave benzaldehyde in which no trace of benzoic acid could be detected. 

Ethyl malonate behaved similarly to the aldehydes and ketones. The relative in- 
stability of the mesoxalic ester formed necessitated the precise definition of the experi- 
mental conditions. The method proved, however, a much easier and simpler way of 
obtaining the keto-ester than those previously described. 

Ethyl succinate behaved abnormally. Although indications of the formation of a 
trace of ethyl diketosuccinate were obtained, the principal oxidation product was a mixture 
of ethyl fumarate and ethyl hydrogen fumarate in 40% yield. The reason for this was 
probably that both methylene groups in the succinic ester were equally activated by the 
proximity of the negative carbethoxy-groups and consequently were attacked more or 
less simultaneously. The removal of a hydrogen atom from each resulted in the form- 
ation of the double bond before further oxidation could occur. The resulting fumaric 
esters were not oxidised further at the temperature of the reaction (170°). Again it was 
necessary precisely to define the conditions of experiment. (Cf. Fischer, Ber:, 1927, 60, 
2260, for another direct conversion of succinic into fumaric acid by biological means.) 


EXPERIMENTAL. 


Ethyl Alcohol-EtOH vapour was passed over SeO, heated to a max. temp. of 230° in a 
glass tube (see Part I, Joc. cit.; Part II, ibid., p. 2342). The alcohol vapour very readily 
inflamed in the SeO, vapour (see Emeléus and Riley, Proc. Roy. Soc., in the press). The 
max. yield of glyoxal was 5%, calc. on the SeO, reduced. CO and CO, were also formed. 
The yield of glyoxal fell considerably when inflammation occurred, indicating that this was 
accompanied by more complete oxidation. 

SeO, (112 g.) and abs. EtOH (240 c.c.) were heated in a 21. autoclave for 2} hr. to a max. 
temp. of 150°, a max. press. of 11 kg./sq. cm. resulting. A permanent press. of 1-4 kg./sq. cm. 
remained on cooling (CO and CO,). Only partial reduction had occurred, 12 g. Se having 
been pptd. The residual liquid was filtered, dried with Na,SO,, and fractionated. After the 
excess of EtOH had been removed, a fraction, b. p. 175°, was obtained. On refractionation it 
gave 20 c.c., b. p. 100°/50 mm., of ethyl selenite contaminated with a little EtOH, which 
could not be removed completely owing to the instability of the compound (Michaelis and 
Landmann, Annalen, 1887, 241, 150). 

The expt. was repeated with 50 g. SeO, and 750 c.c. EtOH, heated to a max. temp. of 200° 
for 2} hr. The max. press. was 30 kg./sq. cm. The reduction of the SeO, was complete. 
On removal of the excess of EtOH, a syrupy liquid remained which contained glyoxal in 41% 
yield (calc. on SeO, reduced), determined as described in Part I (Joc. cit.). 

A similar expt. employing 50 g. SeO,, 500 c.c. EtOH, a max. temp. of 205°, and 4 hrs.’ 
heating gave only 24% glyoxal. Mixed with the pptd. Se and suspended in the resulting 
liquid was a small amount of a sand-coloured solid, m. p. 52° after recrystn. from abs. EtOH 
[Found : C, 84-6; H, 14-1. (CH,), requires C, 85-7; H, 14:3%]. 

When SeO, reacted with an equational quantity of EtOH at 200°, a small quantity of 
ethyl ether was formed. 

Although SeO, was not reduced by boiling EtOH, if a sufficient excess of the dioxide was 
employed the temp. rose to over 140° before all the liquid had distilled. At these higher temp. 
considerable reduction of the dioxide occurred, accompanied by the formation of appreciable 
quantities of glyoxal. 

n-Propyl Alcohol_—n-PrOH (550 c.c.) and SeO, (140 g.) were heated in an autoclave for 
4} hr. at 155°. The resulting liquid was diluted with Et,O, filtered from 19 g. of pptd. Se, 
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dried with Na,SO,, and fractionated. 320 C.c. of PrOH were recovered, and 40 c.c. of propyl 
selenite, b. p. 132—133°/25 mm., obtained [Found: C, 33-9; H, 6-4; Se, 35-8; M, 198 in 
AcOH and 411 in CgH,. (C;H,),SeO, requires C, 33-8; H, 6-7; Se, 37-1%; M, 213. The 
low Se figure was due to a small amount of decomp. which occurred during distillation]. Its 
general chemistry was in agreement with its formulation as propyl selenite. The liquid had a 
pleasant odour and was stable at room temp. when dry. 

A similar expt. was carried out with SeO, (125 g.) and nm-PrOH (500 c.c.) at 210° for 5 hr. 
A max. press. of 32 kg./sq. cm. was registered. After cooling, the press. was 4-2 kg./sq. cm. 
(CO and CO,). 84 G. of Se had been pptd. Mixed with the Se and suspended in the liquid were 
about 2 g. of a sand-coloured solid, similar to that obtained with EtOH, m. p. 60° after four 
crystns. from PrOH [Found: C, 85-9; H, 14-2. (CH,), requires C, 85-7; H, 14:3%. M 
(Rast) gave n = ca. 30]. The liquid oxidation product, dried over CaO and fractionated, 
gave a few drops, b. p. about 57°, having an aldehydic odour. The excess of PrOH was col- 
lected at 97°. The residue was taken up in Et,O and fractionated in vac.; 6 c.c., b. p. 100— 
130° /20—30 mm., and 3 c.c., b. p. 130—160°/20—30 mm., and a small amount which solidified 
in the condenser were obtained. The liquids were pale yellow and viscous, contained no Se, 
and were probably complex polymerised products. No methylglyoxal could be detected. 

SeO, was refluxed with PrOH for several hr. Only a trace of Se was pptd. The excess of 
PrOH was distilled off up to 120°; oxidation then occurred and a small amount of methyl- 
glyoxal was detected, by means of its phenylhydrazone, in the distillate above this temp. 

n-Butyl Alcohol.—Similar expts. with -butyl alcohol indicated the formation of butyl 
selenite, which was not sufficiently stable to permit of its purification, a trace of ethylglyoxal, 
and a small amount of a sand-coloured hydrocarbon, similar to that obtained from EtOH 
and PrOH. 

Benzyl Alcohol.—SeO, (56 g.) and CH,Ph-OH (108 c.c.) were refluxed for 10 hr. Less than 
half (16-5 g.) of the Se present was pptd. The resulting liquid was treated with H,O, and the 
whole extracted with Et,O. The extract was dried with Na,SO,, the ether removed, and sat. 
NaHSO, aq. added (yield of bisulphite compound, 81 g. Theo. wt. of benzaldehyde bisulphite 
compound calc. on pptd. Se, 87 g.). Estimation of the benzaldehyde by means of p-nitro- 
phenylhydrazine showed 100% conversion (on Se pptd.). 

Ethyl Malonate. Preparation of Ethyl Mesoxalate.—Preliminary expts. showed that when 


SeO, and malonic ester were refluxed together, an exothermic reaction occurred with the 
formation of mesoxalic ester in 10—12% yield and of CO and CO, in considerable quantity. 
The following reactions probably accounted for the poor yields : 

CH,(CO,Et), + H,O = CH,°CO,Et + EtOH + CO, at 150° 


(Hjelt, Ber., 1880, 13, 1949). A small amount of EtOAc was always detected in the distillate 
from the reaction carried out at the b. p. of the malonic ester (195°). 


CO(CO,Et), = (CO,Et), + CO at 180° 


(Anschiitz and Pauly, Ber., 1894, 27, 1304). It was therefore advisable to carry out the 
oxidation at the lowest practicable temp. 

Isolation of the mesoxalic ester, as the hydrate, by extraction with H,O, although a con- 
venient method, introduced a difficulty owing to the ready hydrolysis of the ester, which was 
accelerated by the presence of a trace of SeO, in the extract. The following method was 
therefore adopted. Ethyl malonate (40 g.; 2 mols.) and SeO, (14 g.; 1 mol.) were heated 
together at 120—130° for 2 hr.: 7-2 g. of Se were pptd. and some CO, was evolved. The liquid 
was decanted and distilled in vac., giving the fractions : (A) up to 80°/45 mm., 2c.c.; (B) 80— 
130°/36 mm., 25 c.c.; and (C) 130—230°/36 mm., 4 c.c. Fraction C was a complex, garlic- 
smelling mixture of Se-containing compounds. Fraction B was extracted with H,O (7 x 
10 c.c.) and the extracts were quickly evaporated separately until they became viscous and 
yellow. On cooling in ice, they crystallised slowly, giving white ethyl mesoxalate hydrate, 
m. p. 56° (Found: C, 43-6; H, 6-2. Calc.: C, 43-7; H, 63%). Yield, 7-75 g. (32-3% of the 
theo. amount calc. on SeO, used). This method of extraction and evaporation localised the 
effect of any trace of SeO, to the first aq. extract. On drying the liquid remaining from the 
aq. extraction, 12 c.c. of ethyl malonate, b. p. 193—198°, were recovered. 

Ethyl Succinate. Preparation of Ethyl Hydrogen Fumarate and Fumaric Acid.—SeO, (112 g.) 
and ethyl succinate (87 g.) (N.B. The SeO, was here in excess, 2 mols.:1. In all the oxid- 
ations hitherto described, the SeO, has been less than the equational quantity. In the present 
case fumaric ester was produced, even when excess of ethyl succinate was used, but the above 
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ratio gave the max. yield.) were heated together at 170° for 10 hr. After cooling, the product 
was extracted several times with Et,O, the Et,O removed, and the residual liquid distilled in 
vac., giving 3 c.c. of Et,O, EtOH, H,O, and a little ester, b. p. up to 85°/30 mm., and 35 g., 
b. p. up to 150°/30 mm. (fraction A). At this temp. the distillate began to solidify, and 
17-4 g. of ethyl hydrogen fumarate, m. p. 60—63°, containing traces of Se and succinic acid, 
were collected : it had m. p. 66° after two recrystns. from petroleum (b. p. 80—100°) (Found : 
C, 49-9; H, 5-5; equiv. from Ag salt, 1388; M, Rast 162. Calc.: C, 50-0; H, 56%; equiv., 
144), and gave fumaric acid, m. p. 286—289° (in a sealed tube), on hydrolysis. 

Fraction A, which had a decided acid reaction, was refractionated, mostly at 110—112°/ 
22 mm.; at 138°/22 mm. 3-05 g. of ethyl hydrogen fumarate were collected. The liquid 
fraction was again distilled, giving 25-6 g., b. p. 108°/18 mm., 5 g., b. p. 108—118°/18 mm., 
and a residue (0-4 g.), which solidified (total yield of monoester, 20-9 g.; 29% of theo. amount 
calc. on the succinic ester used). 

As ethyl succinate and ethyl fumarate have the same b. p., in order to determine the 
amount of the latter in the liquid fractions, these were hydrolysed and the acid product frac- 
tionally crystallised from H,O: after three crystns., fumaric acid, m. p. and mixed m. p. 289°, 
was obtained in 11-4% yield. 

CO, was evolved during the initial oxidation, and some succinic acid was obtained in the 
final separation of the fumaric acid. Under the conditions of the above oxidation, all the 
SeO, was not reduced, unattacked crystals being visible at the end of the reaction. It is 
possible that the excess of dioxide served to absorb the H,O produced in the reaction. H,SeO, 
is readily sol. in ethyl succinate (it can be recrystallised from this solvent) and is only slightly 
reduced at the b. p. of the solution, whereas SeO, under similar conditions is readily attacked. 

To disprove the possibility that the fumaric ester was produced by the dehydrogenating 
action of the Se and not by the oxidising action of the dioxide, ethyl succinate was boiled 
with Se for 3 days: no trace of fumaric ester was found, nor was H,Se evolved. 

The Allotropy of Selenium.—The Se pptd. from the dioxide by low-boiling org. liquids such 
as acetone and CH,-CHO was in the vitreous form. That obtained from EtOH under press. 
at 200° was in fine, grey, shining crystals of the ‘“‘ metallic’’ variety, some 1 mm. in length. 
The Se was also pptd. in the grey ‘“‘ metallic’ form by reduction of the dioxide with succinic 
ester. Boiling succinic ester, in the course of some hrs., transformed vitreous Se, which 
was almost liquid at the temp., into the grey cryst. variety. The crystals formed in large 
clusters some distance from the surface of the vitreous Se. A grey amorphous variety of Se 
has been formed in certain expts. with boiling AcOH and Ac,O. It melted at 220°, so was 
probably a finely divided variety of the grey cryst. form (cf. Saunders, J. Physical Chem., 
1900, 4, 424; and the papers of de Coninck and co-workers, 1905—1906). It is probable 
that many specimens of Se prepared by reducing oxy-compounds with org. compounds are 
appreciably contaminated with org. matter, as the following note shows. 

Note on the Recovery of Selenium Dioxide.—Se which had been pptd. during the oxidation 
of a large variety of org. compounds always reacted more vigorously than ordinary Se when 
treated with HNO, in the initial step of the recovery of SeO,. Recently a specimen of 
vitreous Se, formed in the oxidation of CH,-CHO to glyoxal, was heated rather quickly in O 
with the view of burning it to dioxide. A vigorous explosion occurred. The vitreous Se was 
quite dry and looked pure, but the cause of the explosion was, no doubt, the rapid oxidation 
of a trace of org. matter in the Se, the reaction being catalysed by the Se, a reaction not 
dissimilar to that occurring when ordinary black gun-powder explodes. It is therefore 
advisable to heat the Se slowly, almost te its b. p. in air, until all the org. matter is expelled, 
before any attempt to burn it is made. The HNO, method is, however, the more convenient 
in the laboratory. 


The authors are indebted to Imperial Chemical Industries for assistance, and one of them 
(S. A.) to the Department of Scientific and Industrial Research for a grant. 
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106. The Isolation of a Cancer-producing Hydrocarbon from Coal Tar. 
Parts I, II, and III, 


By J. W. Coox, C. L. Hewett, and I. HIEGER. 


Part I. Concentration of the Active Substance. By I. HIEGER. 


THE first experimental production of cancer by the products of distillation of coal was 
achieved in 1915 by Yamagiwa and Ichikawa (Mitteil. med. Facultét, kaiser. Univ. Tokyo, 
1915, 15, 295), and the first enquiry into the chemical basis of tar cancer was that of 
Bloch and Dreifuss (Schweiz. med. Woch., 1921, 2, 1033), who concluded from their 
observations that the substance responsible must be a high-boiling, neutral, non-nitro- 
genous compound which forms a stable picrate. The production of strongly carcinogenic 
tars by pyrolysis of isoprene or acetylene in a current of hydrogen (Kennaway, J. Path. 
Bact., 1924, 27, 233; Brit. Med. J., 1925, ii, 1) showed that the agent present in these 
tars must be a hydrocarbon. A large number of known constituents of fractions of coal 
and other tars boiling above 270° were tested in this Institute with negative results. 
The use of the fluorescence spectrum, first applied to this problem by Mayneord in 1927, 
was continued by the present author (Biochem. J., 1930, 24, 505) with observations on a 
specific fluorescence spectrum (bands at 4000, 4180, 4400 A.) common to the tars and 
mineral oils which produce cancer of the skin either as an industrial disease or in animal 
experiments. 

These spectra suggested an attempt to isolate the fluorescing substance, whether this 
were the cancer-producing factor itself or some substance which closely accompanies this 
factor. The results of spectrographic and biological tests have now proved to be in 
complete agreement. Thus the preparations derived from pitch by a variety of solvent - 
extraction methods, the fractions separated by formation of picrates, distillation and 
crystallisation, and finally the hydrocarbon (1 : 2-benzpyrene) have proved carcinogenic 
and have given in each case the fluorescence spectrum with bands at 4000, 4180, 4400 A. The 
treatment of pitch described here has yielded fractions which are far superior to pitch as 
cancer-producing agents and at the same time possess the specific fluorescence spectrum 
in an enhanced degree. 

Hence the fluorescence test can predict the behaviour of fractions of pitch when tested 
on animals, although it must be pointed out that certain cancer-producing hydrocarbons 
prepared synthetically (e.g., 1 : 2 : 5 : 6-dibenzanthracene) have fluorescence spectra differ- 
ent from those of active pitch fractions. 


EXPERIMENTAL. 


Two tons of a medium soft pitch (see fluorescence spectrum I) which was shown to be 
cancer-producing (see below) were distilled from a cast-iron retort. The distillate above 510° 
(thermometer in liquid) resembled the deep red glassy distillate of pitch which was found 
some years ago to be carcinogenic (Kennaway, Brit. Med. J., 1924, i, 564). The fraction, b.p. 
500—510°, resembled very soft pitch and was much more sol. in ordinary solvents than the 
fraction, b. p. above 510°. A fraction with the same physical characteristics distilled at 
475—500° (pyrometer instead of thermometer); yield, about 5% of the charge of pitch. 
From this fraction, boiling EtOH (20 vols.) (cf. Twort and Fulton, J. Path. Bact., 1930, 33, 
119) extracted (paddle stirrer and reflux condenser) about one-third, which was distilled under 
3-5 mm. press. The fraction, b. p. 250—290°, when tested on mice, proved to be strongly 
carcinogenic and its fluorescence spectrum showed the three bands already referred to. On 
redistillation three fractions were collected at 3-5 mm.: A, b. p. 250—260°; B, 260—278°; 
C, 278—290°. Fraction A, on purification, was rapidly freed from the substance responsible 
for the characteristic fluorescence spectrum of the original distillate; fraction B, which gave this 
spectrum (spectrum II) and was strongly carcinogenic, was found most convenient for the 
Subsequent operations; while fraction C, although strongly carcinogenic, was discarded on 
account of its unsuitable physical properties. 

Fraction B was dissolved, together with 1 part of picric acid, in 3-5 parts of AcOH, the picrates 
recrystallised twice from C,H, (2 parts), the mother-liquors of which were decomposed by 
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shaking with dil. Na,CO, aq., and the product again distilled in vac. The distillate crystal- 
lised on standing, and after recrystn. from light petroleum had m. p. 114—117°, raised to 
about 160° by further crystn. from C,H,—-EtOH. 

The yields obtained in the various stages were subject to considerable fluctuation, but were 
on the average as follows: distillation of pitch, 5%; alcohol extraction, 30%; fractional! 
distillation in vac., 20%; isolation of cryst. material (m. p. 160°), 1%. 

A 3% solution in C,H, of the original pitch applied to a series of 20 mice produced cancer in 
8 of the 9 mice which lived for more than 300 days. Hence it appears unlikely that the 
carcinogenic compound obtained from this pitch was formed by heating in the course of the 
initial distillation. The approximate yields given above indicate that the cryst. substance, 
m. p. 160° (crude 1 : 2-benzpyrene), would be present in the original pitch in an amount of 
not less than 0-003%; the actual proportion is probably greater, as the experimental losses 
are naturally large. 

The fluorescence spectra of the products at various stages (see plate) show clearly how the 
typical bands of the spectrum of the original carcinogenic mixtures become more well-defined 
with increasing concn. of the active material. 


Part II. Isolation of 1:2- and 4:5-Benzpyrenes, Perylene, and 1 : 2-Benzanthracene. 
By J. W. Coox, C. L. Hewett, and I. HIEGER. 


WHEN the crystalline material, m. p. ca. 160°, prepared as described in Part I, was obtained, 
it was difficult to form an opinion as to whether it was essentially a single substance or a 
complex mixture. Unfruitful attempts were made to devise chemical methods of separ- 
ation by means of bromo- and nitro-derivatives, and of products of oxidation and reduction. 
It was then found that by repeated crystallisation of the picrate from benzene, a picrate, 
m. p. 198°, could be obtained which yielded a hydrocarbon, m. p. 175-5—176-5°, shown 
by comparison with the synthetic compound (Part III) to be pure 1 : 2-benzpyrene. This 
pure hydrocarbon was strongly carcinogenic and still retained the typical fluorescence 
spectrum to which reference has been made. 

For the isolation of this and other constituents of the alcoholic extract of distilled pitch, 
a procedure was ultimately evolved which is briefly illustrated by the following scheme :— 


Alcoholic extract of pitch distillate is distilled, and the distillate (b.p. 260—278°/3°5 mm.) 
dissolved in benzene and cooled. 





Crude 2 : 3-benzcarbazole Benzene liquors are shaken with 5% sulphuric acid to remove basic sub- 
separates. stances, the benzene is distilled off, and the residue dissolved in hot acetic 
acid and cooled. 





Crude chrysene separates. Picric acid is added to the liquors. 





The picrates are crystallised 4—5 Liquors rejected. 
times from benzene. 





Picrate of 4: 5-benzpyrene The liquors are shaken with sodium carbonate solution, and the 
obtained. product distilled at 3 mm. The distillate is recrystallised 3 times 
from a hot mixture of benzene and alcohol. 





Crude 1 : 2-benzpyrene crystallises. On standing for some weeks the liquors 
deposit crude perylene. 


The identification of the 2: 3-benzcarbazole was effected by analysis and by the 
preparation of characteristic derivatives. This benzcarbazole was first isolated from 
crude anthracene by Graebe and Knecht (Ber., 1879, 12, 341; Ammnalen, 1880, 202, 1) 
and was afterwards synthesised by Bucherer and Sonnenburg (J. pr. Chem., 1910, 81, 1). 
Clirysene and perylene were identified by their properties and by comparison with authentic 





(1) Pitch. 


(II) Fraction, b. p. 260— 


278° /3-5 mm. 


(III) Fraction, m. p. 114°. 


| | 


| 


(V) 1: 2-Benzpyrene. 


(To face p. 396. 





we ly a I aI OO cs ous 6S —_ Vy ee ww ee wa Ww GV Me eR Se Fe ~ Y — se & OD FP DD RS 




















Cancer-producing Hydrocarbon from Coal Tar. Part II. 397 


samples. The presence in coal tar of perylene, the parent substance of a large group of 
important vat dyes, does not appear to have been recorded previously. 

The picrate of 4: 5-benzpyrene, obtained as shown in the scheme, had m. p. 235°, 
and yielded the hydrocarbon, m. p. 181—187°, which was identified by synthesis (Part IIT) 
as 4:5-benzpyrene. It has been applied to mice for ten months without producing 
tumours. 

1 : 2-Benzanthracene was isolated from the chrysene fraction of coal tar by making use 
of the fact that it forms an acidic adduct with maleic anhydride (Clar, Ber., 1932, 65, 519), 
whereas chrysene does not. The purified 1 : 2-benzanthracene-9 : 10-endo-«8-succinic 
anhydride agreed in its properties with the compound obtained by Clar. By vacuum 
sublimation it was dissociated into its components, the 1: 2-benzanthracene being 
identified by comparison with an authentic sample and by oxidation to the quinone. 
This isolation of 1 : 2-benzanthracene from coal tar is of interest, for, although it has 
hardly any cancer-producing action itself, it is the parent substance of a considerable 
group of carcinogenic hydrocarbons. 


EXPERIMENTAL. 


Separation of Pitch Constituents —A hot solution of the distillates (400 g.) from the original 
alc. extract (see scheme) in C,H, (1 1.) was cooled, and the resulting crystals (about 5—10 g.) 
were collected and recrystallised several times from xylene. A solution of the product in 
xylene was boiled for 40 min. with maleic anhydride, by which means most of the colour was 
removed, the 2: 3-benzcarbazole being obtained as colourless leaflets, m. p. 339—340° (from 
xylene). This substance, which contained nitrogen (Found: C, 88-4; H, 5-4. Calc.: C, 88-4; 
H, 52%), gave with 2: 7-dinitroanthraquinone a characteristic compound which separated 
from xylene in dark green needles, m. p. 291—294° (decomp.) (Found: C, 69-6; H, 3-6; N, 
7-9. Cyg9H,,O,N, requires C, 69-9; H, 3:3; N, 8-2%). The identification of 2 : 3-benzcarb- 
azole was completed by the preparation of the acetyl derivative described by Graebe and 
Knecht (loc. cit.). 

The C,H, liquors containing the bulk of the pitch distillate were diluted to 2-5 1. and 
agitated with 5% H,SO,, whereby much tarry basic material was removed. The C,H, was 
distilled off, and the residue dissolved in AcOH (2 1.). On cooling, a small amount of cryst. 
material separated. Pure chrysene (about 1-5 g.) could be isolated by partial oxidation of 
this substance (1 pt.) with Na,Cr,O, (2 pts.) in boiling AcOH (50 pts.) for 1 hr., the contamin- 
ating benzcarbazole being destroyed by oxidation. After crystn. from C,H, the chrysene was 
obtained as colourless leaflets, m. p. 248—249° alone or mixed with an authentic sample. Fresh 
treatment with Na,Cr,O, in AcOH for 7 hr. gave 1 : 2-chrysenequinone. 

The main AcOH solution was treated with picric acid (400 g.) and the picrates were collected, 
dried, and recrystallised 5 times from a large vol. of C,H,. The solid picrates were reduced 
in this way to a very small amount of material, which was treated with aq. Na,CO;, and the 
product (about 5 g.) distilled in vac. and recrystallised from xylene-EtOH and then from C,H, 
(Found: C, 95-2, 95-25; H, 4-6, 4-7; M, Rast method, 254, 273. C,)H,. requires C, 95-2; 
H, 48%; M, 252). This substance formed small yellow plates, m. p. 181—187°, was unchanged 
by boiling in xylene solution with maleic anhydride, and was shown by comparison with a 
synthetic sample to be 4 : 5-benzpyrene. The indefinite m. p. was due to a trace of high-melting 
impurity (possibly perylene) which could not be removed. The picrate formed reddish-brown 
needles (from CgH,), m. p. 235° (Found: C, 65:7; H, 3-1; N, 8-4. Cy 9H4.,CgH3,0,N, requires 
C, 64-9; H, 3-1; N, 8-7%). 

The main C,H, liquors containing the bulk of the picrates were shaken with aq. Na,CO;, and 
the product distilled in vac. The distillate, after 3 recrystns. from C,H,-EtOH, gave 24 g. 
of crude 1 : 2-benzpyrene, m. p. about 160°. 

This substance (10 g.) was recovered unchanged after a solution in xylene had been boiled 
for 5 hr. with maleic anhydride, and was treated with picric acid (10 g.) in C,H,. The picrate, 
m. p. 188—192°, was recrystallised 9 times from C,H, and then formed dark purplish-brown 
needles (1 g.), m. p. 198° (Found: C, 65-1; H, 3-2; N, 9-0. C,9H,.,C,H,0,N, requires C, 
64:9; H, 3-1; N,8-7%). 1: 2-Benzpyrene, obtained by shaking a C,H, solution of this picrate 
with aq. Na,CO , was recrystallised from C,H,-EtOH and formed yellow leaflets (from conc. 
solution) or needles (from dil. solution), m. p. 175-5—176-5° (Found: C, 95-0; H, 4:8; M, 
Rast method, 288, 269. C,,H,, requires C, 95-2; H, 4-8%; M, 252). 
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After several weeks the combined C,H,—-EtOH liquors from the crude 1 : 2-benzpyrene 
deposited crystals which, recryst. twice from xylene, formed canary-yellow needles (0-2 g.), m. p. 
263—266°, not depressed by an authentic sample of perylene. The identification with perylene 
was completed by comparison of the colour reactions with H,SO,, and of the fluorescence 
spectra. 

Isolation of 1 : 2-Benzanthracene (Experiments by F. GouLDEN).—The crude mixture of solid 
substances which separated from a tar fraction, b. p. above 400°, supplied by the South Metro- 
politan Gas Company (cf. Cook, J., 1931, 498) was recrystallised 3 times from xylene, whereby 
a cryst. substance was obtained which consisted chiefly of chrysene. The xylene liquors were 
concentrated in vac., the solid which crystallised was dissolved in C,H,, and the solution 
shaken several times with conc. H,SO,. The material recovered from the C,H, liquors (20 g.) 
was heated under reflux for 2 hr. with maleic anhydride (5 g.) in xylene (250 c.c.). The xylene 
was removed in steam in presence of excess NaOH, and the filtered solution acidified. The 
ppt. was collected and recrystallised from AcOH, forming a cryst. colourless powder, m. p. 
236° (cf. Clar, loc. cit.). This anhydride was sublimed at 300°/5 mm., and the sublimate 
recrystallised from EtOH, forming colourless leaflets, m. p. 158-5—159-5°, not depressed by 
1: 2-benzanthracene. Oxidation with Na,Cr,0, in AcOH gave orange needles of 1 : 2-benz- 
anthraquinone, 


Part III. Synthesis of 1: 2- and 4: 5-Benzpyrenes. By J. W. Cook and C. L. HEwetr. 


THE condensed-ring aromatic hydrocarbons studied in this Institute during recent years 
have been mostly of the anthracene or phenanthrene type, the former giving acidic adducts 
with maleic anhydride, the coloured derivatives of /in.-benzanthracene reacting with 
remarkable facility, and passing on oxidation into #-quinones which give deep red vats 
with alkaline reducing agents. Hydrocarbons of the phenanthrene type, on the other 
hand, are oxidised to o-quinones and do not react with maleic anhydride. From this 
standpoint, the behaviour of the yellow carcinogenic hydrocarbon isolated from coal tar 
pitch was anomalous, for it was oxidised to a dark-coloured amorphous substance, 
apparently a mixture of an acid with a quinone which gave an orange vat, whereas maleic 
anhydride was without action on the hydrocarbon. These and other properties recalled 
the behaviour of perylene, for at that time we believed that maleic anhydride did not 
react with perylene, although Clar (Ber., 1932, 65, 846) has subsequently shown that it 
does so under suitable conditions. In addition, analysis of the pure carcinogenic hydro- 
carbon and its picrate pointed to an isomeride of perylene. If all of the rings are benzenoid, 
there are only two possible isomerides, namely, the benzpyrenes. As the amount of 
material at our disposal for study of degradation products was small, and as we wished in 
any case to compare these pentacyclic compounds with the 10 known out of the 15 possible 
hydrocarbons composed of 5 benzene rings, which we have already examined for carcino- 
genic activity, we decided to synthesise the two benzpyrenes. This was accomplished, 
and 1 : 2-benzpyrene was identical with the carcinogenic hydrocarbon isolated from pitch, 
while 4: 5-benzpyrene was identical with the other new hydrocarbon which we had 
obtained from pitch. 

In our opinion, the hydrocarbon, m. p. 183°, isolated by Meyer and Taeger (Ber., 1920, 
53, 1261) from the products of pyrogenic synthesis from acetylene, for which they suggested 
the formula C,,H,» or C,,H,,, was also 4: 5-benzpyrene; the properties and analyses 
which they record are in agreement with our suggestion, although their value for the 
molecular weight was somewhat low. 

The identification of the carcinogenic hydrocarbon from pitch with synthetic 1 : 2- 
benzpyrene was established by comparison of the hydrocarbons and of their picrates, and 
also of the fluorescence and absorption spectra of the hydrocarbons. We are indebted 
to Mr. W. V. Mayneord and Miss Woodroffe for the absorption curves (absorption maxima 
at 2580, 2843, 2965, 3636, and 3821 A.), which will be published elsewhere. It is perhaps 
significant that the fluorescence spectrum of 1 : 2-benzpyrene is of exactly the same type 
as that of 1 : 2-benzanthracene, which is the parent substance of the group of carcinogenic 
hydrocarbons already described (Cook, Hieger, Kennaway, and Mayneord, Proc. Roy. 
Soc., B, 1932, 111, 455; Cook, ibid., p. 485), but is different in character from the spectra 





Cancer-producing Hydrocarbon from Coal Tar. Part III. 399 


of chrysene and pyrene (Hieger, unpublished experiments), although the 1 : 2-benzpyrene 
molecule contains the ring system of each of these three hydrocarbons. 

The synthetic 1 : 2-benzpyrene gave malignant tumours of the skin of mice just as 
rapidly as the material isolated from pitch. Thus, in a preliminary series of 10 mice 
painted with the synthetic material, 5 died very early and the remaining 5 all developed 
tumours (4 epitheliomas and 1 papilloma); in one mouse there was a glandular metastasis 
in the right axilla. These and subsequent series of experiments on mice, for which we 
are indebted to Professor E. L. Kennaway and which will be described elsewhere, suggested 
that 1: 2-benzpyrene produces tumours in about half the time required by 1:2:5:6- 
dibenzanthracene, so that 1 : 2-benzpyrene is the most active carcinogenic compound yet 
known. 

For the synthesis of the 1 : 2-benzpyrene ring system we at first proposed to apply 
the Scholl feri-condensation to a benzoyl derivative of pyrene ketone (Bamberger and 
Philip, Annalen, 1887, 240, 178) or of 1 : 8-malonylnaphthalene (Fleischer and Retze, Ber., 
1922, 55, 3284), but the methods described for the preparation of these materials gave 
unpromising results. In the absence, however, of an available source of pyrene, which we 
ultimately used as our starting point, 1 : 2-benzpyrene could probably be synthesised in 
the way outlined above, using the dihydropyrene ketone obtained by Mayer and Sieglitz 
(Ber., 1922, 55, 1839) from 1-naphthylpropionic acid. 

The claim that succinic anhydride condensations with polycyclic compounds give much 
better yields in nitrobenzene solution (Meister Lucius und Briining, D.R.-P., 376,635) 
than in other solvents (Borsche and Sauernheimer, Ber., 1914, 47, 1645) prompted us to 
use this solvent for the condensation of pyrene with succinic anhydride, which led to 
8-1-pyrenoylpropionic acid (I). Succinic anhydride condensations in nitrobenzene have 
more recently been successfully employed by Haworth (J., 1932, 1125) in the case of 
naphthalene, and by Fieser and Peters (J. Amer. Chem. Soc., 1932, 54, 4347; cf. I. G. 
Farbenind. A.-G., Eng. Pat. 274,095) in the case of acenaphthene. 

The position assigned to the substituent in @-l-pyrenoylpropionic acid is based on 
analogy with the products formed from pyrene and aroyl chlorides (Scholl and Seer, 
Annalen, 1912, 394, 160). This assumption is substantiated by the fact that the benz- 
pyrene subsequently obtained from the pyrenoylpropionic acid was unquestionably the 
1: 2-compound, being different from 4:5-benzpyrene prepared by a method which 
established its structure. It is important that in some cases (e.g., 2-methyl- and 2: 3- 
dimethyl-naphthalenes) the position of substitution in Friedel-Crafts reactions depends 
upon the nature of the acid chloride or anhydride. With the aroyl chlorides and 
anhydrides the 1-position is exclusively attacked (Scholl and Tritsch, Monaish., 1911, 
32, 999; Clar, Ber., 1929, 62, 350; Cook, J., 1932, 456), whereas with acyl chlorides and 
anhydrides the substituent mainly enters position 6 (Haworth, Letsky, and Mavin, J., 
1932, 1784; Dzieworiski and Brand, Rocz. Chem., 1932, 12, 693). By selecting a number 
of test cases which need not be enumerated, we have found that this difference in 
behaviour is not due to the solvent employed. Probably it is determined by the enhanced 
mobility of acyl groups, position 1 being primarily attacked in all cases, acyl groups then 
migrating to position 6. Support for this view is afforded by the observations of Fieser 
and Peters (loc. cit.) that 6-l-naphthoylpropionic acid is converted into the 2-isomeride 
by melting with aluminium chloride-sodium chloride, conditions which suffice for the 
migration of the less mobile aroyl group from position 1 to positions 6 and 7 in the case 
of l-aroyl derivatives of 2-methylnaphthalene (Fieser and Peters, J. Amer. Chem. Soc., 
1932, 54, 3742). 

The sodium salt of 1-pyrenoylpropionic acid (I) was rapidly reduced by zinc dust and 
ammonia to the hydroxy-acid (isolated as the y-butyrolactone), which by prolonged 
reduction passed into y-l-pyrenylbutyric acid (II). After many unsuccessful attempts 
by other means, ring closure of the butyric acid to 4’-keto-1’ : 2’: 3’ : 4’-tetrahydro-1 : 2- 
benzpyrene (III) was achieved by zinc chloride at 180°. The yields, however, were very 
poor and uncertain, and much better results were obtained by the action of anhydrous 
stannic chloride at 115—120°. This reagent has frequently been used for dehydrations, 
but as far as we are aware has not hitherto been employed for ring closures of this type. 
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The keto-compound (III) gave 1 : 2-benzpyrene (IV) when heated with selenium at 320— 
340°. The reaction is essentially dehydration, and the selenium plays the part of an 
intramolecular hydrogen carrier, since benzpyrene was not isolated when the keto-compound 
was heated alone. The conversion of the keto-compound into the hydrocarbon without 
previous reduction contrasts with the observation of Lévy (Compt. rend., 1932, 194, 1749), 
who obtained 2-ethyl-1-naphthol and not 2-ethylnaphthalene by selenium dehydrogenation 
of 1-keto-2-ethyl-l : 2:3: 4-tetrahydronaphthalene. A better yield of 1 : 2-benzpyrene 
was obtained by reduction prior to the selenium treatment. 
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The average yields obtained in the four stages of this synthesis were 61, 72, 19, and 35% 
respectively, so that the yield of 1 : 2-benzpyrene was 2-9% with reference to the original 
pyrene. 

By fusion of the keto-acid (I) with zinc chloride, the side chain was eliminated and 
pyrene formed, and fission was also effected by boiling with 10° sulphuric acid in acetic 
acid. This lability is similar to that shown by the meso- -ketones of anthracene (Kroll- 
pfeiffer, Ber., 1923, 56, 2364; Cook, J., 1926, 1287, 2163) and suggests that position 1 of 
the pyrene ring system is associated with a considerably higher degree of reactivity than 
is normal for an aromatic ring. Even the butyric acid (II) gave evidence of lability, for 
pyrene was isolated from the mother-liquors of the keto-compound (III) obtained by 
dehydration with stannic chloride. 

2’ : 3’-Naphtha-1 : 2-pyrene (V) was prepared for comparison with 1 : 2-benzpyrene, 
and although this hydrocarbon has been applied to mice for 8 months it has not so far 
yielded any tumours, with 18 out of the original 20 mice still living. This influence of an 
additional benzene ring in suppressing carcinogenic activity finds a counterpart in certain 
benz-derivatives of 1 : 2 : 5 : 6-dibenzanthracene (Cook, Hieger, Kennaway, and Mayneord, 
loc. cit.). The hexacyclic hydrocarbon (V) was obtained from pyrene and phthalic 
anhydride, the phthaloylic acid being reduced to 1-o-carboxybenzylpyrene, which was 
dehydrated to the corresponding anthrone, the latter giving the hydrocarbon on reduction. 
The same naphthapyrene (V) was also formed by pyrolysis of the crude mixture of 
ketones formed from pyrene and o0-toluoyl chloride. This naphthapyrene, in common 
with other naphthacene compounds, was deep orange in colour, and reacted with maleic 
anhydride in boiling xylene to give 2’: 3’-naphtha-1 : 2-pyrene-1' : 4’-endo-«f-succinic 
anhydride. 

For the synthesis of 4: 5-benzpyrene we first attempted to prepare 4-phenylphen- 
anthrene, which should be convertible into the pentacyclic hydrocarbon by the Scholl 
peri-dehydrogenation (e.g., with aluminium chloride or selenium). In no way, however, 
could we effect condensation between 4-keto-1 : 2:3: 4-tetrahydrophenanthrene and 
phenylmagnesium bromide or cyclohexylmagnesium chloride, all attempts leading to 
reduction of the ketone to the corresponding carbinol. This is analogous to the observ- 
ation of Sabatier and Mailhe (Comft. rend., 1905, 141, 298) that benzophenone and dicyclo- 
hexyl ketone are reduced to the carbinols by cyclohexylmagnesium chloride, but is never- 
theless surprising, for Haworth (J., 1932, 1125) has shown that 4-keto-1 : 2 : 3 : 4-tetra- 
hydrophenanthrene reacts normally with methylmagnesium iodide, a finding which we 
confirmed. 
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Another mode of synthesis which suggested itself for the 4 : 5-benzpyrene ring system 
consisted in the action of oxalyl chloride on triphenylene : 


() 


+ Cit ~~ oo 
x Wy 


Unfortunately, this reaction led only to a iriphenylenecarboxylic acid. 

We were about to investigate other possible methods of synthesis from suitable deriv- 
atives of phenanthrene or benzanthrone when Dr. E. de Barry Barnett, to whom we 
express our indebtedness, suggested to us that the hexahydropyrene of Graebe (Annalen, 
1871, 158, 297) and Goldschmiedt (Annalen, 1907, 351, 226) was the symmetrical compound 
and would therefore condense with succinic anhydride in position 4 of the pyrene ring 
system. Neither Graebe nor Goldschmiedt adduced evidence of the symmetrical nature 
of their hexahydropyrene, although Langstein (Monaish., 1910, 31, 870) assumed this from 
the fact that it gave a picrate and hence must still contain a naphthalene system. This 
argument is fallacious, for we obtained, by reduction of pyrene, not only the hexahydro- 
pyrene in question, but also another hexahydropyrene which, moreover, gave a stable 
picrate. Nevertheless, the hexahydropyrene of Graebe and Goldschmiedt is the sym- 
metrical compound, for it was oxidised by alkaline permanganate to naphthalene-l : 4: 5: 8- 
tetracarboxylic acid. The new hexahydropyrene was more resistant to permanganate 
and we could not obtain a naphthalenetricarboxylic acid from it; it must have the - 
unsymmetrical structure (VI), for there is no possibility of stereoisomerism with the 
symmetrical compound (VII). 

s.-Hexahydropyrene condensed smoothly with succinic anhydride to give 
B-1:2:3:6:7: 8-hexahydro-4-pyrenoylpropionic acid (VIII), which was unattacked by 
zinc and ammonia or by amalgamated zinc and hydrochloric acid, but was reduced to 
the hydroxy-acid (isolated as the /actone) by sodium amalgam and water. Reduction of 
the keto-acid (VIII) to y-1:2:3:6:7: 8-hexahydro-4-pyrenylbutyric acid (IX) was 
achieved by the Kishner—-Wolff method, and in this connexion it is surprising that the 
semicarbazone of B-l-pyrenoylpropionic acid (I) was recovered unchanged after heating 
with sodium ethoxide at 200°. The hexahydropyrenylbutyric acid (IX) was cyclised by 
80% sulphuric acid at 100°, the resulting 1’-keto-1:2:3:6:7:8:1':2':3' : 4’-deca- 
hydro-4 : 5-benzpyrene (X) being converted by reduction with sodium and alcohol, and 
subsequent dehydrogenation with selenium, into 4 : 5-benzpyrene (XI) : 
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The synthetic 4 : 5-benzpyrene was colourless, but the synthetic 1 : 2-benzpyrene, like 
the material isolated from pitch, was pale yellow, and the colour was not removed by 
maleic anhydride in boiling xylene, nor by shaking a benzene solution with sulphuric acid, 
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treatments which decolorise other higher hydrocarbons contaminated with coloured 
impurities. The sulphuric acid treatment led to rapid and complete removal of the 
benzpyrene from its benzene solution, a property which is shared by the highly reactive, 
orange 2 : 3-benzanthracene. It thus seems that the colour of 1 : 2-benzpyrene is a definite 
attribute of the compound itself. 

The fluorescence spectrum of 1 : 2-benzpyrene is identical with that of the carcinogenic 
mixture formed by the action of aluminium chloride on tetrahydronaphthalene (Kennaway, 
Biochem. J., 1930, 24, 497; Hieger, zbid., p. 505; cf. Schroeter, Ber., 1924, 57, 1990). 
The presence of «-phenyl-8-2-tetralylbutane in such mixtures was shown by Schroeter, 
and it may well be that 1 : 2-benzpyrene arises by dehydrogenation of the corresponding 
1-tetralyl compound (XII). 


$e 
VAN f, —>» (IV) + 12H 
H, 


eae CH, 

YY \cH,“ \cH,” 
Dehydrogenation of some of the constituents of the mixture must occur to furnish the 
perhydroanthracene isolated by Schroeter. The amount formed of the active carcinogenic 
fraction is so small that attempted isolation of 1 : 2-benzpyrene was not feasible. 


EXPERIMENTAL, 


B-1-Pyrenoylpropionic Acid (1).—Anhyd. AICI, (330 g.) was added slowly, with cooling and 
agitation, to a solution of succinic anhydride (125 g.) in PhNO, (1250 c.c.). Pyrene (supplied 
by the Gesellschaft fiir Teerverwertung) (250 g.) was then gradually introduced, and the 
whole kept at room temp. for 24 hr. with occasional shaking. Ice and HCl aq. were added to 
the product, the PhNO, removed in steam, and the residue dissolved in dil. Na,CO, aq. The 
sparingly sol. sodium salt of 8-l-pyrenoylpropionic acid was twice recrystallised from H,O, 
and the free acid liberated and recrystallised from AcOH and then ACOH-—EtOH (charcoal) ; 
it formed bright yellow crystals (230 g.), m. p. 183° (Found: C, 79-3; H, 4:7. C9H,,O; 
requires C, 79-45; H, 4:-7%). This keto-acid gave a semicarbazone, m. p. 203—205° (Found : 
N, 11-3. C,,H,,O,N, requires N, 11-7%), which was recovered unchanged after heating for 
24 hr. at 200° with NaOEt (1 g. semicarbazone, 1 g. Na, 15 c.c. EtOH). 

Ethyl 8-1-pyrenoylpropionate, prepared by the HCI-EtOH method, formed lemon-yellow 
needles, m. p. 90—91° (Found: C, 79-8; H, 5-5. C,,H,,O, requires C, 80-0; H, 5-5%). 

Fission of 8-1-Pyrenoylpropionic Acid.—(a) A mixture of the keto-acid (5 g.) and anhyd. 
ZnCl, (15 g.) was heated at 160—170° for 10 min. The melt was cooled, extracted with H,O 
and dil. Na,CO, aq., and recrystallised from C,H,-EtOH. The product had m. p. 149°, alone 
or mixed with pyrene. 

(b) A solution of the keto-acid (5 g.) in AcOH (50 c.c.) and conc. H,SO, (5 g.) was boiled 
for }? hr. and gave pyrene. 

Reduction of 8-1-Pyrenoylpropionic Acid.—This could not be effected by Clemmensen’s 
method, and Zn and HCl in AcOH gave resinous products. A solution of the keto-acid (50 g.) 
in 2N-NaOH (150 c.c.), H,O (500 c.c.), and conc. aq. NH; (500 c.c.) was boiled under reflux 
for 48 hr. with Zn dust (150 g.). After filtration, the Zn residues were extracted several times 
with boiling dil. NaOH aq., and the combined filtrates acidified. The ppt. was dried and its 
conc. solution in xylene boiled for 1 hr. This treatment was necessary to convert the hydroxy- 
acid present in the mixture into its lactone. The crystals which separated on cooling were 
extracted with boiling dil. Na,CO, aq., and the y-1-pyrenyl-y-butyrolacione which remained 
undissolved was recrystallised from AcOH, forming almost colourless microscopic rhombs, 
m. p. 178° (Found: C, 83-85; H, 5-0. C,.9H,4O, requires C, 83-9; H, 4:9%). 

The Na,CO, extract, on acidification, yielded y-l-pyrenylbutyric acid (II), which separated 
from xylene in colourless leaflets (36 g.), m. p. 185—186°. This butyric acid gave a yellow 
solution in conc. H,SO,, whereas the corresponding keto-acid and lactone both gave red colours 
(Found: C, 83-3; H, 5-5. C,9H,,O, requires C, 83-3; H, 5-6%). A further quantity of the 
butyric acid was obtained by submitting a solution of the lactone in aq. NaOH to the renewed 
action of Zn dust and NH. In this way, 240 g. of keto-acid were converted into 165 g. of 
y-1-pyrenylbutyric acid. 
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4’-Keto-1’ : 2’ : 3’ : 4’-tetrahydro-1 : 2-benzpyrene (I11).—Unsuccessful attempts to effect ring 
closure of pyrenylbutyric acid included a study of the action of P,O, in PhNO,, of 80% H,SO, 
at 100° (which led mostly to sulphonation), of POCI,, and of AICI, on the acid chloride. Success 
was attained when a melt of pyrenylbutyric acid (10 g.) and anhyd. ZnCl, (30 g.) was stirred 
for } hr. at 180°. After cooling, the powdered solid was extracted with H,O, then dil. Na,CO, 
aq., and finally with Et,O0. A large amount of black amorphous material remained undissolved. 
The Et,O extract gave 1-5 g. of 4’-keto-1’ : 2’: 3’ : 4’-tetrahydro-1 : 2-benzpyrene (III), which 
crystallised from C,H,—EtOH in yellow leaflets, m. p. 171-5—173-5°, and gave a pink solution 
in conc. H,SO, (Found: C, 88-6; H, 6-1. C, 9H,,O requires C, 88-8; H, 5:2%). The oxime 
separated from C,H, in almost colourless needles, m. p. 222—224° (decomp.) after slight 
sintering (Found: N, 4-9. C,,H,,ON requires N, 4-9%). 

Repetition of the above expt. gave poorer yields, and better results were obtained by using 
SnCl, for cyclisation. A mixture of pyrenylbutyric acid (40 g.) and anhyd. SnCl, (30c.c.) was 
heated at 115—120° for 1 hr., the product dissolved in acetone, and the solution diluted with 
C,H,, extracted with dil. HCl aq., then with dil. Na,CO, aq., and concentrated. MeOH was 
added, the solution boiled with charcoal, and the ketotetrahydrobenzpyrene allowed to 
crystallise (yield, 7 g. In all, 30 g. were obtained from 165 g. of pyrenylbutyric acid). The 
material from the mother-liquors was distilled at 4mm. Crystn. of the higher-boiling fraction 
gave a further quantity of the keto-compound, and the lower-boiling fraction gave pyrene. 

1 : 2-Benzpyrene (IV).—This hydrocarbon (1-7 g.) was obtained by heating the aforesaid 
ketone (III; 10 g.) with Se (3 g.) at 300—340° for 6 hr. (4-Keto-1: 2:3: 4-tetrahydrophen- 
anthrene was converted into phenanthrene merely by heating with Se.) An improved yield 
of 1 : 2-benzpyrene was obtained by preliminary reduction of the ketone (III; 13 g.) with Na 
(5 g.) in boiling EtOH (260 c.c.). The product was dehydrogenated with Se (6-5 g.) at 320— 
340° for 16 hr., extracted with C,H,, and distilled in vac. The distillate (6-5 g.; b. p. 310— 
312°/10 mm.) crystallised from C,H,—MeOH in pale yellow needles (4-4 g.), m. p. 174—175°. 

1 : 2-Benzpyrene picrate, prepared in C,H, and recryst. to const. m. p., formed long purplish- 
black needles, m. p. 197—198°, not depressed by the picrate of the carcinogenic hydrocarbon 
isolated from pitch. 1: 2-Benzpyrene (IV), regenerated from the pure picrate, crystallised from 
C,.H,—MeOH in long, pale yellow needles, m. p. 176-5—177-5° (Found: C, 95:2; H, 4:8. 
CypH jy, requires C, 95-2; H, 4-8%). The orange-red solution in conc. H,SO, had a strong green 
fluorescence, and dil. solutions in C,H, showed an intense violet fluorescence. 

Niiro-1 : 2-benzpyrene.—When a suspension of 1 : 2-benzpyrene (0-1 g.) in AcOH (5 c.c.) 
and conc. HNO, (0-1 c.c.) was kept at room temp. over-night, there was formed a substance 
which, after recrystn. from AcOH and then C,H,, formed a light brown microcryst. powder, 
m. p. 233—236°. This consisted essentially of a mononitro-compound, although contaminated 
with a substance of higher nitrogen content (Found: C, 79-2; H, 3-6; N, 5-4. Cy 9H,,O,N 
requires C, 80-8; H, 3-7; N, 4:7%). 

1 : 2-Benzpyrenequinone.—A suspension of finely powdered 1 : 2-benzpyrene (1 g.) in H,O 
(25 c.c.) and conc. H,SO, (2-5 c.c.) was boiled for } hr. with K,Cr,O, (4 g.). The product was 
twice recrystallised from C;H;N and then from xylene; it formed a brick-red microcryst. 
powder, m. p. 242—244°, and gave an orange-brown vat with Zn dust and dil. NaOH aq. This 
was essentially a monoquinone, but an analytically pure compound could not be obtained 
(Found : C, 84-2; H, 3-6. C,.,H,,O, requires C, 85-1; H, 3-6%). 

1-Pyrenoyl-o-benzoic Acid.—To a solution of phthalic anhydride (30 g.) in C,H, (200 c.c.) 
was added anhyd. AICI, (27 g.) and then pyrene (40 g.). After 6 hr. at room temp. with 
occasional shaking, ice and HCl aq. were added, the C,H, removed in steam, and the residue 





- extracted with dil. Na,CO, aq. The phthaloylic acid, pptd. by addition of HCl aq., crystallised 


from EtOH in small yellow crystals (33 g.), m. p. 224-5—225-5° (Found: C, 82-1; H, 4-0. 
C,,H,,0; requires C, 82-3; H, 4-0%). 

1-o-Carboxybenzylpyrene.—A solution of the foregoing phthaloylic acid (30 g.) in 2V-NaOH 
(300 c.c.) was boiled for 3 hr. with Zn dust (60 g.) activated with Cu. The filtered solution 
was acidified, and the pptd. acid repptd. from its solution in dil, Na,CO, aq. and recrystallised ° 
from AcOH (yield, 18 g.). 1-0-Carboxybenzylpyrene formed colourless crystals, m. p. 217— 
218° (Found: C, 85-65; H, 4-95. C,.,H,,O, requires C, 85-7; H, 4°8%). 

2’ : 3’-Naphtha-1 : 2-pyrene (V).—(a) Cyclisation of 1-o-carboxybenzylpyrene (11 g.) with 
anhyd. ZnCl, (33 g.) at 200° was complete in 20 min. The crude anthrone-like product was 
reduced for 3 hr. by Zn dust (20 g.) and boiling 1-5N-NaOH (300 c.c.). The solid in suspension 
was collected, excess Zn dissolved in HCl aq., and the 2’ : 3’-naphtha-1 : 2-pyrene (V) recrystal- 
lised from C,H,. It formed deep orange leaflets, m. p. 273° (Found: C, 95:3; H, 4°75. CyHy, 
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requires C, 95-3; H, 4.7%). No pure quinone could be obtained by oxidation with Na,Cr,O, 
in AcOH. 

(b) An ice-cold mixture of pyrene (60 g.), o-toluoyl chloride (46 g.), and CS, (150 c.c.) or 
PhNO, (300 c.c.) was treated gradually with AICI, (40 g.). After keeping in ice for 6 hr., the 
products were decomposed with ice and HCl aq. and worked up in the usual way. In neither 
case could a pure ketone be isolated. The crude ketones were heated in pyrex glass retorts 
at 420—440° for 2 hr., the residues sublimed in vac., and the sublimates recrystallised from 
xylene. In both cases the products were identical with that prepared as described under (a). 

2’ : 3’-Naphtha-1 : 2-pyrene-1’ : 4’-endo-a8-succinic Anhydride.—A solution of 2’ : 3’-naphtha- 
1 : 2-pyrene (0-25 g.) and maleic anhydride (0-25 g.) in xylene (30 c.c.) was boiled for } hr. On 
cooling, the adduct separated as an almost colourless cryst. powder, decomp. without melting, 
270—280° (Found: C, 83-75; H, 4-3. C,,.H,,0, requires C, 84-0; H, 40%). 

4-Hydroxy-1: 2:3: 4-tetrahydrophenanthrene.—This was the chief product of the action of 
PhMgBr or C,H,,"MgCl on 4-keto-1 : 2: 3 : 4-tetrahydrophenanthrene (Schroeter, Miiller, and 
Huang, Ber., 1929, 62, 657). Many expts. were made by altering such factors as the temp. of 
reaction, the proportions of reacting substances, by adding the Grignard solution to the ketone 
and vice versa, but in no case was there any evidence of the introduction of a substituent into 
the phenanthrene ring system. The following example is typical :— 

An ethereal solution of 4-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene (6-5 g.) was slowly added 
to anfice-cold filtered Grignard solution prepared from C,H,,Cl (5-9 g.) and Mg (1-3 g.). After 
1 hr. at 0° and $ hr. at room temp. the product was decomp. with ice and NH,Cl. The crystals 
insol. in Et,O (1-2 g.) were collected, a further 1 g. being obtained by addition of MeOH to the 
semi-solid mass remaining after removal of the Et,O. The carbinol was recrystallised from 
CgH,—MeOH and formed colourless plates, m. p. 140—141°, which gradually became dehydrated 
in a vac. desiccator as shown by successive analyses of the same sample (Found: C, 85-7; 
H, 6-4; M, Rast method, 196, 208. C,,H,,O requires C, 84-8; H, 7:1%; M, 198). A pure 
olefin was not obtained by dehydration with picric acid in boiling EtOH. 

The residual oil from the isolation of this carbinol was dehydrogenated with Se and distilled 
at 4mm. The lower fraction, b. p. to 200°, gave phenanthrene, and the higher fraction, b. p. 
360—380°, gave a sparingly sol. substance which crystallised from C,H, in small yellowish 
needles, m. p. 312°. This compound was also formed as a by-product in the Se dehydrogenation 
of 4-keto- or 4-hydroxy-1 : 2:3: 4-tetrahydrophenanthrene, and analysis suggested that it 
was a diphenanthrafuran (Found: C, 91-0; H, 4-5. C,,H,,O requires C, 91:3; H, 44%). 

Triphenylenecarboxylic Acid.—Anhyd. AICI, (5 g.) was added to an ice-cold suspension of 
triphenylene (4 g.) in CS, (25 c.c.) and oxalyl chloride (5 c.c.). After keeping at room temp. 
for 24 hr., the product was decomposed with ice and HCl aq., and the CS, removed with steam. 
The residue was extracted with dil. Na,CO, aq.; 2-5 g. of unchanged triphenylene remained. 
The Na,CO, extract, on cooling, deposited the sparingly sol. sodium salt of triphenylenecarboxylic 
acid. The free acid (1-4 g.) separated from PhNO, in almost colourless needles, m. p. 325— 
326° (decomp.) (Found: C, 83-8; H, 4:1. Cy 9H ,O, requires C, 83-8; H, 4.4%). The methyl 
ester, prepared from the sodium salt and Me,SO,, formed colourless needles (from EtOH), m. p. 
122—124° (Found: C, 84:0; H, 5-3. C,. 9H,,O, requires C, 83-9; H, 4:9%). 

Reduction of Pyrene.—Catalytic hydrogenation in tetralin solution with a Ni catalyst gave 
the s.-hexahydropyrene of Goldschmiedt (loc. cit.) together with a mixture of more sol. products 
which were not investigated; it was found more convenient to use Goldschmiedt’s reduction 
method. For this purpose, Na (480 g.) was added gradually to a solution of pyrene (300 g.) 
in boiling C;H,,-OH (91.), in 6 batches. After being washed with H,O, the solution was 
concentrated. The crystals which separated were recrystallised from EtOH (2-5 1.) and yielded 
71 g. of pure s.-hexahydropyrene (VII), long colourless needles, m. p. 132—133° (Goldschmiedt 
gives 127°; Langstein, Joc. cit., gives 129—130°). The C,;H,,-OH mother-liquors were distilled 
in steam, and the residue dried and distilled at 3 mm. (b. p. 165—170°). The product (120 g. ; 
m. p. ca. 60°), together with the material (64 g.) recovered from the above EtOH liquors, was 
* treated with an equal wt. of picric acid in EtOH, and the picrate recrystallised to const. m. p. 
from 5% picric acid in EtOH. A sample for analysis was recrystallised from EtOH and formed 
reddish-orange needles, m. p. 147-5—148° (Found: C, 60-0; H, 4-8. C,gH ¢,CgH,;0,N; 
requires C, 60-4; H, 44%). as.-Hexahydropyrene (V1), obtained by shaking this picrate in 
C,H, with aq. Na,CO,, crystallised from EtOH in colourless leaflets (23 g.), m. p. 105—105-5° 
(Found : C, 92-3; H, 7-8. C,,gH 4, requires C, 92-3; H, 7-7%). A further 6 g. of s.-hexahydro- 
pyrene was obtained from the hydrocarbons recovered from the picrate liquors, but no other 
pure product could be isolated. 








— iw OF § © 4 DD I 


—-~ a — a 


ty 


Co f- D 2a JZ i -_ 


ww eS ow 2S OD a 


— eS Fe Se SS 








Cancer-producing Hydrocarbon from Coal Tar. Part III. 405 


Constitution of s.-Hexahydropyrene.—A solution of the hydrocarbon (4-2 g.) in acetone was 
poured into H,O (350 c.c.), and the acetone boiled off. To the boiling suspension formed was 
added 50% KOH aq. (25 c.c.), followed, during several hr., by finely powdered KMnO, (34 g.). 
Oxidation was complete in about 4 hr. Naphthalene-1 : 4: 5: 8-tetracarboxylic acid (0-9 g.) 
crystallised from the acidified filtrate. It was purified by further treatment with alkaline KMnO,, 
recrystallised from H,O, and converted into the dianhydride by heating at 140—160°. The 
dianhydride was recrystallised from PhNO, (Found: C, 62-8; H, 1-8. Calc.: C, 62-7; H, 
15%). The properties of the acid and of the dianhydride agreed with those given in the 
literature. 

B-1:2:3:6:7: 8-Hexahydro-4-pyrenoylpropionic Acid (VIII).—This was prepared from 
s.-hexahydropyrene (39 g.), succinic anhydride (18-6 g.), and anhyd. AICI, (52 g.) in PhNO, 
(180 c.c.) as described for the pyrene condensation. After 3 recrystns. from C,H, the keio- 
acid (VIII), which gave a deep purple solution in conc. H,SQ,, formed small colourless crystals 
(39 g.), m. p. 173-5° (Found: C, 78-0; H, 6-3. Cy 9H,9O; requires C, 77-9; H, 6-5%). 

The semicarbazone, prepared in EtOH from the keto-acid, semicarbazide hydrochloride, and 
NaOAc, formed a colourless microcryst. powder, m. p. 221—222° (Found : N, 11-3. C,,H,,0,N; 
requires N, 11-5%). 

-1:2:3:6: 7: 8-Hexahydro-4-pyrenyl-y-butyrolactone.—A solution of the keto-acid (VIII; 
1 g.) in N-NaOH (40 c.c.) was treated, at 100°, with 3% Na amalgam (30 g.). The sodium salt 
which separated on cooling was collected and converted into the free acid, which was heate1 
with boiling xylene for a few min. The cold solution deposited a small amt. of unchanged 
acid. The y-butyrolacione was obtained from the liquors and recrystallised from EtOH and 
then C,H,,. It formed small colourless crystals, m. p. 150—154° (Found: C, 82-3; H, 6-9. 
CypH 90, requires C, 82-15; H, 6-9%). 

y-1:2:3:6:7: 8-Hexahydro-4-pyrenylbutyric Acid ([X).—A solution of the semicarbazone 
(12 g.) of the keto-acid (VIII) in alc. NaOEt (12 g. Na; 140 c.c. EtOH) was heated at 180— 
190° for 5} hr. The cryst. sodium salt was collected, washed with EtOH, and recrystallised 
from H,O, and the free acid liberated. The dry acid was extracted with C,H,, (200 c.c.), 
in which a small amount of dark-coloured material was insol. The C,H,, was removed on the 
water-bath, and the residual resin twice recrystallised from MeOH, from which hexahydro- 
pyrenylbutyric acid (IX; 5 g.) separated slowly as colourless microscopic needles, m. p. 133— 
134° (Found: C, 81-6; H, 7-8. C,9H,,O, requires C, 81-6; H, 7-5%). 

1’-Keto-1:2:3:6:7:8:1': 2’: 3’: 4’-decahydro-4 : 5-benzpyrene (X).—Cyclisation of the 
butyric acid (IX; 4g.) by 80% H,SO, (40 c.c.) at 100° was complete in 40 min. The blood-red 
solution was cooled, diluted with H,O, and extracted with Et,O. The Et,O solution was 
washed with dil. Na,CO, aq. and H,O, and dried with anhyd. Na,SO,, and the Et,O removed. 
The cyclic ketone (X) crystallised from MeOH in long yellowish needles (1-1 g.), m. p. 147— 
148° (Found: C, 86-7; H, 7:5. CHO requires C, 86-9; H, 7:3%). 

4 : 5-Benzpyrene (XI).—The aforesaid cyclic ketone (1 g.) was reduced with Na (0-5 g.) in 
boiling EtOH (25 c.c.), and the product dehydrogenated with Se (1-5 g.) at 320—340° for 20 hr. 
The product was sublimed at 250°/3—4 mm., and the sublimate treated with picric acid (0-8 g.) 
in CgH,. After 3 recrystns. from C,H, the picrate formed ruby-red needles of const. m. p. 
229—230°, not depressed by the picrate of the second unknown hydrocarbon isolated from 
pitch (Found: N, 8-6. CypH4.,CgsH;0,N, requires N, 8-7%). 4:5-Benzpyrene (XI) was 
obtained by shaking the pure picrate with C,H, and aq. Na,CO ;. It crystallised from C,Hg, 
in which it was easily sol., in colourless prisms, m. p. 178—179°, not depressed by the compound 
from pitch (yield, 0-2 g.) (Found: C, 95-25; H, 4:8; M, Rast method, 267, 273. CoH, 
requires C, 95:2; H, 4:8%; M, 252). 


The preliminary treatment of pitch was carried out at the Products Works of the Gas Light 
and Coke Company. We are greatly indebted to the Directors for providing facilities, to 
Mr. W. Gordon Adam for co-operation which has been invaluable in this and earlier investig- 
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107. Dipole Moments and Structures of the Organic Azides and 
Aliphatic Diazo-compounds. 


By Nevit V. SipGwick, LESLIE E. Sutton, and WILFRED THOMAS. 


THREE types of formula are possible for the azides and aliphatic diazo-compounds : 


(1, R-N<f (.) R-N=N=N (IL) R-N<N=N 


R_--N _ oe _—_— 
ROC<H ROCHNEN RoceNEN 


The ring formule (I) were formerly accepted, but later work, especially that of Thiele, 
Angeli, and Staudinger, has led chemists to assume an open-chain structure, which in 
modern symbols must be expressed by (II) or (III). 

The chemical evidence for the open chain is largely based on the fact that, if we assume 
a ring to be present, we must suppose that this breaks most easily at the single and not 
at the double link, both in reduction, and in addition reactions, such as the formation of 
pyrazole from diazomethane and acetylene, or of a 1 : 2 : 3-triazole from phenyl azide and 
acetoacetic ester, or of an aminoazo-compound from an azide and the Grignard reagent. 
The force of this argument is weakened by the fact that the double link between nitrogen 
atoms, unlike that between carbon atoms, is very strong, so that we might expect the 
single link to break first, as it does in the azo-compounds and in the aromatic diazo-com- 
pounds; this would not apply, however, to the behaviour on reduction, since hydrogen 
usually attacks the doubly-linked nitrogen atoms first, as in the reduction of azobenzene. 
The objection that a 3-membered ring with a double link involves too great a strain is 
weakened by the unexpected stability of the very similarly constituted acetylene oxides 


eo and — described by Madelung and Oberwegner (Annalen, 1931, 490, 
201). 

The physical evidence, so far as it goes, is in favour of the ring structures for these 
organic derivatives. Lindemann and Thiele (Ber., 1928, 61, 1529) and Lindemann, Wolter, 
and Groger (ibid., 1930, 63, 702) have shown that the parachors of the azides and the 
aliphatic diazo-compounds have the values to be expected for this structure, but the differ- 
ence between the calculated values for the open-chain and the ring formule is only about 
6 units. It was also pointed out (Sidgwick, J., 1929, 1108) that the boiling points of the 
azides and the aliphatic diazo-compounds lie very close to those of the corresponding 
bromides and chlorides respectively, and far below those of the nitro-compounds, which 
indicates that the dipole moments of these substances must be small, and therefore suggests 
that they cannot contain co-ordinate links. 

For the azide ion, on the other hand, we have definite proof of an open-chain recti- 
linear formula from the crystal structures of the salts (Hendricks and Pauling, J. Amer. 
Chem. Soc., 1925, 47, 2904). This can be formulated in two ways, since a valency angle 
of 180° is compatible with either two double links or a single and a triple link : [N—N—N], 
[N<N=N]-. The first is, from its greater symmetry, much more probable. 

It seemed likely that a knowledge of the dipole moments of these compounds would 
throw light on their structures, and we have therefore measured these moments for the 
phenyl, p-tolyl, and p-chlorophenyl derivatives of azoimide and diazomethane. The results 
obtained for the azides have been published (Sutton, Nature, 1931, 128, 639), and values 
in satisfactory agreement with them for the phenyl and #-chloropheny]l azides, as well as 
for the p-bromo- and #-nitro-derivatives, are recorded by Bergmann and Schiitz (ibid., p. 
1077; Z. physikal. Chem., 1932, B, 19, 389). We have also measured the moments of 
phenyl isocyanate and its p-chloro-derivative, in order to obtain information as to the 
properties of a group which has a structure very like one of those suggested for the 
azides. 
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EXPERIMENTAL. 


Preparation and Purification of Materials—Benzene. A.R. Benzene was frozen out 4 
times, dried, and distilled over Na. 

Carbon tetrachloride. Messrs. Albright and Wilson’s liquid for medicinal purposes was 
refluxed, and then distilled, over P,O, in a stream of dry air. 

Phenyl azide. This was prepared by Dimroth’s method (Ber., 1902, 35, 1032) from 
NPhH-NH, purified as described by Fischer (ibid., 1908, 41, 73). The ethereal extract of 
the steam distillate was dried over MgSO,, freed from solvent, and the residue distilled 3 times 
at 14—15 mm., the middle fraction being used; m. p. —27-5° to — 27-1°. 

p-Tolyl azide. By the method of Dimroth and Pfister (Ber., 1910, 43, 2760), this was made 
from carefully purified p-toluidine; it was finally distilled twice in an oil-pump vac.; m. p. 
— 29-3° to — 29-0°. 

p-Chlorophenyl azide. Similarly, this azide was made from carefully purified p-chloroaniline 
via p-chlorophenyldiazonium perbromide (Hantzsch, Ber., 1895, 28, 2756), and twice distilled 
in an oil-pump vac.; m. p. 19*9—20-1°. 

Diphenyldiazomethane. This was prepared, after Staudinger, Anthes, and Pfenninger (Ber., 
1916, 49, 1932), from benzophenonehydrazone, made from COPh, (m. p. 47—48°) as described 
by Curtius and Rauterberg (J. pr. Chem., 1891, 44, 194). After recrystn. from EtOH, the 
hydrazone melted at 97—98° (Curtius, 98°); it was oxidised in ligroin (b. p.<32°), the solvent 
removed, and the residue recrystallised from MeOH, the solutions being made up just above 
room temp. and cooled in a freezing mixture to cause crystn.; m. p. 30° (decomp.) (Staudinger, 
29—30°). A better criterion of purity than the m. p. is the appearance of the substance: any 
ketazine shows up as a light film on the dark crystals of the diazo-compound. The specimens 
used gave concordant series of polarisations. 

Di-p-iolyldiazomethane. This was prepared similarly (Staudinger and Goldstein, Ber., 
1916, 49, 1924). The ditolyl ketone was prepared as described by Limpricht (Annalen, 1900, 
312, 92); m. p. after several recrystns. from MeOH 93° (lit., 92—95°). The hydrazone, after 
3 recrystns. from EtOH melted at 108—109-5° (Staudinger and Goldstein, 108—110°); it was 
oxidised in CgHg, purified by fractional freezing, and then washed several times with MeOH, 
and recrystallised from hot MeOH; m. p. 102° (decomp.) (Staudinger and Goldstein, 101°). 

pp’-Dichlorodiphenyldiazomethane. The requisite ketone was made according to Dittrich 
(Annalen, 1891, 264, 175); m. p. 147° after 3 recrystns. from EtOH (Dittrich, 144—145°; 
Montagne, Rec. trav. chim., 1902, 21, 25, 147-75°); its hydrazone was made by heating th» 
ketone in EtOH in a sealed tube with an equiv. of NH,*NH,,H,O at 180° for 9 hr. The 
difficulties described by Staudinger and Goldstein (/oc. cit.) in the case of the corresponding 
dibromo-compound were not met with; good yields of a pure substance were obtained; m. p. 
(from EtOH) 89-5—91-5°. This was shaken with an equiv. of yellow HgO in C,H, for 12 hr., 
filtered, the solvent removed in vac., and the product recrystallised from ligroin (b. p. 60—80°), 
being cooled in a freezing mixture; m. p. 104° (decomp.). 

Phenyl isocyanate. This was distilled immediately before use in a stream of dry air 
directly into the weight pipette; b. p. 162°. It readily absorbs moisture with formation of 
crystals. 

p-Chlorophenyl isocyanate (Vittenet, Bull. Soc. chim., 1899, 21, 954). -Chloroaniline was 
treated in dry C,H, with a C,H, solution of COCI,, and the solution boiled for } hr. till all the 
ppt. had dissolved. The isocyanate had m. p. 29°5—30°5° after 2 recrystns. from ligroin in a 
freezing mixture (lit., 31°). 

Measurement of Electrical Dipole Moments.—For the azides, these measurements were made 
in CgH, solution by the methods and apparatus previously described (Sutton, Proc. Roy. Soc., 
1931, 133, 668). On account of their instability, the diazo-compounds were measured in CCl, 
chloride solution at 0°, the rate of decomp. at this temp. being very slow; the dielectric consts. 
were measured in a cell of the Sayce—Briscoe type (see Ball, J., 1930, 570), which was immersed 
as far as possible in a well-stirred ice-bath. It was calibrated at 25° with pure C,H,; before the 
solutions were run in, a stream of dry air was passed through. The densities were measured 
in an apparatus designed to avoid errors due to the evolution of small bubbles of N, which 
precluded the use of a Sprengel—-Ostwald pyknometer. It consisted of a pyknometer and an 
outer jacket; the former was an elongated bulb of about 10 c.c. capacity, with two capillary 
tubes sealed on axially; one of these ended in a fine jet, which could be covered by a ground-on 
cap, and had a small bulb blown near the middle; the other had a mark etched half way along 
it, and terminated in a small bulb from which another capillary, at right angles to the first, 
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led to a small tap. The jacket was just long enough to contain the pyknometer, which fitted 
closely inside; it could be filled by a narrow external tube leading to the bottom. 

The pyknometer was kept in the jacket, which was immersed in an ice-bath, for 45 min., 
to attain temp. equil. The jacket was then partially filled with the solution to be measured, 
which had also been cooled in the bath, and after a short interval the pyknometer was filled 
to the mark, the final adjustment being made by pressure on the rubber tube connecting it to 
a suction bottle, the tap closed, and the pyknometer withdrawn. It was immediately inverted 
and the bulb immersed.in ice-water. The tap was then cautiously opened to allow some liquid 
to run into the bulb, and prevent the expansion or gas evolution from expelling liquid; the 
bulb in the tipped capillary (uppermost when inverted) broke the small column of liquid usually 
left in the tube, and so prevented it from being blown out. 

Molecular Refractivities—These could not be determined directly for the diphenyl or the 
ditolyl diazo-compound, because of the strong absorption in the visible region. The dichloro- 
compound, however, allowed some yellow light to pass, and determinations were made with 
this. It gave a refractivity 8-5 c.c. higher than that calc. from the obs. refractivities of other 
colourless or faintly coloured diazo-compounds (the average value for the CN, group being 
7-9c.c.; see Lindemann, Wolter, and Groger, loc. cit.), and it was concluded that this discrepancy 
was due to the absorption ; so the refractivities used in calculating the dipole moments have been 
calculated from the above mean obs. value of 7-9 c.c. 

The results are in the following tables, wherein f, is the molar fraction, d, ¢, » the density, 
dielectric const., and refractive index for the Hg green line , 5461. The densities are inter- 
polated from a line through the exptl. values, that of pure C,H, at 25° being taken as 0-8736. 
For CCl, at 0° and 25° the following values of the densities, dielectric const., refractive indices, 
and polarisations were experimentally determined : 


> 
N5461- gP). N5790- gP). 


26°5137 


d. e. P,. 
1-6317 2°2768 28-1476 — 
1-5846 2°2263 28°1703 2°1276 


2°1329 26°6041 


Phenyl azide in benzene at 25°. 
d. € n, P,. gP3. 


0°05357 
0:03633 
0°02454 
0°00945 


0°8869 
0°8826 
0°8797 
0°8759 


2°4697 
2°4075 
2°3644 
2°3081 


“50591 
*50469 
50381 


84°77 
86°04 
86°29 
85°99 


35°46 
36°17 
36°06 


P, at inf, diln. = 86°3; gP, at inf. diln. = 36°15; Py _— zP, = Pyig= 50°15; 
p= 155 x 107% e.s.u. 


0°04974 
003362 
0°02318 
0°00923 


p-Chlorophenyl azide in benzene at 25°. 


0°8994 
0°8908 
0°8852 
0°8782 


2:2975 
2°2901 
2°2857 
2°2794 


1:50764 
1°50575 
1:50459 


42°94 
43°09 
43°35 
43°64 


40°77 
41°13 
40°81 


P, at inf. diln. = 43°2 c.c.; gP, at inf. diln. = 41°0c.c.; P, — gP, = Payo = 2°2 C.c.; 
p = 0°33 x 1078 e.s.u. 


0°04757 
0°03273 
0:02269 
0-00851 


0°8846 
0°8811 
0°8786 
0°8753 


2°5347 
2°4554 
2°4012 
2°3222 


p-Tolyl azide in benzene at 25°. 


1°50436 
150355 


115°1 
116°9 
117°9 
119°6 


40°19 


P, at inf. diln. = 120°3 c.c.; gP, at inf. diln. = 41:0 c.c.; P, — gP, = Payo = 793 c.c.; 
p= 1:96 x 1078 e.s.u. 


0°03169 
002134 
0°01720 
0°00766 


Diphenyldiazomethane in carbon tetrachloride at 0°. 


1°6065 
1°6147 
1-6180 
1°6255 


2°3989 
2°3578 
2°3415 
2°3052 


108°85 
107°6 
108-0 
106°8 


P, at inf. diln. = 106°2 c.c.; gP, (calc.) at inf. diln. = 61°0c.c.; Py — gP, = Pazo = 45°2 c.c. ; 
p= 1°42 x 107% e.s.u. 
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Di-p-tolyldiazomethane in carbon tetrachloride at 0°. 
Se d. €. n. Py. 
0-02322 16058 2°4206 — 155°0 
0-02081 1-6085 2°4064 _ 156-0 
0:01634 16136 2°3794 ~~ 156°6 
0:01029 1-6203 2°3414 --- 156°6 
P, at inf, diln. = 157°4; gP, (calc.) = 70°2 c.c.; P, — 2P, = Paso = 872 c.c.; 
p= 1:96 x 107% e.s.u. 


Di-p-chlorvophenyldiazomethane in carbon tetrachloride at 0°. 
(Refractive indices measured at 25°.) . 
do, €. P,. as", 5790+ zPy. 
1°6227 2°3046 82°5 — —_ 
1°6241 2°2984 80°54 1°5759 1°4657 80°14 
_— — —- 1:5773 1°4647 80°52 
1°6282 2°2869 80°82 1-5807 1:4619 80°02 
-— - = es 1°5809 1°4617 80°89 
0°00355 1°6298 2°2827 80°81 1°5825 1-4605 81°32 
P, at inf. diln. = 81-0 c.c.; gP, at inf. diln.: obs., 81°0; calc., 72°2 c.c; P, — gP, (calc.) 
= Paso = 8'8c.c.; p= 0°62 x 107* e.s.u. 


Phenyl isocyanate in carbon tetrachloride at 25°. 

i a2", €. nae P,. zP3. 
0°05951 1°5515 2-6200 1°4662 131-2 34°8 
0°04142 15617 2°4995 1°4645 133-2 34:7 
0:02781 1-5693 2°4083 1°4638 134°3 35°8 


0-03940 15623 2°4886 14641 134°5 34°6 
002932 15681 2°4187 1°4633 134°3 34°7 
001973 15736 2°3555 1°4622 135°5 34°3 


P, at inf. diln. = 137-5 c.c.; gP, at inf. diln. = 34°5c.c.; P, — 2P, = Paso = 103°0 c.c.; 
= 2°23 x 107% e.s.u. 


p-Chlorophenyl isocyanate in carbon tetrachloride at 25°. 

0°01622 1:5776 2°2442 — 53°8 — 

0°01118 15798 2°2388 —_— 54:1 — 

0°00747 1°5814 2°2347 — 54:1 — 

P, at inf. diln. = 54:0 c.c.; gP,, calc. = 39°35; P, — gP, = Paso = 14°65 c.c.; 
p= 0°84 x 1078 e.s.u. 

For the last compound the electron polarisation was calculated from the value obtained for 
phenyl isocyanate, by adding 5-6 c.c. to allow for the replacement of hydrogen by chlorine. 


DISCUSSION OF RESULTS. 


The values found for the moments are given below; the azides were measured in 
benzene solution at 25°, and the diazo-compounds at 0°, and the isocyanates at 25° in carbon 
tetrachloride. The results of Bergmann and Schiitz (B.; Joc. cit.) and of Eide and Hassel 
(E.; Tidsskr. Kjemi Berg., 1930, 10, 93) are added. 


Dipole moments x 10}. 
R= C,H;  -C,H,Me. p-C,H,Cl. p-C,H,Br. p-C,H,NO,. 
RN; 1:55 1-96 0°33 nse —_ 
1°55 (B.) — 0°47 (B.) 0°64 (B.) 2°96 (B.) 
R,CN, 1°42 1:94 0°62 — 
R-NCO 2°23 — 0°82 _— a 
2°34 (E.) on a es pa 
In every case the tolyl compound has a larger and the #-chlorophenyl compound a 
smaller moment than the phenyl compound, showing that the negative end of the dipole 
in the last is directed away from the benzene nucleus. With the azides the moment is 
very nearly the algebraic difference of those of the monosubstitution products. The 
moment of toluene is + 0-41 (Tiganik, Z. physikal. Chem., 1931, B, 18, 425) and that of 
p-chlorobenzene —1-56 (Bergmann, Engel, and Sandor, ibid., 1930, B, 10, 106). Assuming 
the moments to be collinear, we should have: 


p-Tolyl azide : — 1-55 — 0-41 = — 1-96; obs. 1-96 
p-Chlorophenyl azide: — 155 + 156= 0-01; obs. 0-33. 
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The latter value corresponds to an apparent Pa;+o of only 2-2 c.c., and it is quite 
possible that this is wholly atom polarisation P4,* so that Po and yu are really zero, and 
the moment of the C—N, group is collinear with the C—Cl moment and hence with the 
C—N covalency. If, however, it is a real moment, it shows that the inclination of the 
azide group moment to the C—N covalency is not more than 12°. It was previously argued 
(Sutton, loc. cit.) that this fact favoured the ring structure (I) in preference to either (II) 
or (III), but Bergmann and Schiitz (loc. cit.) disagree. From the approximate agreement 
of the observed moments of p-chloro-, p-bromo-, and p-methyl-pheny] zsothiocyanate with 
those calculated, assuming simple additivity, from that of phenyl zsothiocyanate (Berg- 
mann and Tschudnowsky, Z. physikal. Chem., 1932, B, 17, 101), they conclude that the 
double and single bonds of the nitrogen atom are collinear, and hence that the analogous 
open-chain structure Ph—N—N—N for the azides is not excluded. We have found 
similar approximate additivity of the group moments in f-chlorophenyl isocyanate (u obs. 
= 0-82; calc. = — 2-23 + 1-56 = — 0-67). Bergmann and Schiitz’s first conclusion 
is, however, disproved by their observation that carbodianil Ph—N—C—N—Ph and its 
pp’-dimethyl derivativ: have finite moments of 1-89 and 1-96. The obvious cause of the 
asymmetry is this. Each Ph—N link will lie in a plane perpendicular to that containing 
the N—C double link; the two spiran NC links are themselves in perpendicular planes ; 
hence the Ph—N links will lie in planes passing through the N—C—=N axis and perpendicular 
to one another. Their moments will thus have components perpendicular to this axis and 
to one another, and so the molecule will have a finite moment. Incidentally, the magni- 
tude of each component must be 1-89/4/2 = 1-34, and this is the minimum value of the 
Ph—N= moment : the negative pole is nearer to the N atom (Hammick, New, Sidgwick, 
and Sutton, J., 1930, 1876). The approximate collinearity of the isocyanate or the 7so- 
thiocyanate moment and the C—N valency must therefore be due to the inclined moments 
of the N—C—O or the N—C=S group not being large enough to give a resultant with the 
Ph—N moment which is notably inclined to the latter. The moment of the azide group 
must be subject to the same limitation; if we assume the above calculated minimum value 
for the Ph—N= link to hold in phenyl azide, and take the maximum possible angle of 
inclination of the total moment to the Ph—N link, 12°, the maximum moment for the 
Ng group is 0-37, with the positive pole nearer to the benzene ring. 

Of the three possible structures for the azide group, (II) is ruled out, because the 
N—N=N group by analogy with all other known co-ordinated compounds ¢ would be most 
unlikely to have a moment so small as 0-4, and there is no probability of any mutual polaris- 
ation of the links reducing the total moment : it would rather increase it. (III) is impos- 
sible because the large moment of the co-ordinate link would cause the resultant of the whole 
molecule to be in the opposite direction to that observed. Similar objections apply to the 
open-chain formule (II) and (III) ¢ for the aliphatic diazo-compounds. Only the ring 
structures (I), could be expected to have moments of the observed magnitude and direc- 
tion : in the azide the moment would be approximately that of the Ph—N<_ link, which, 
if the above calculated minimum value be accepted for this link, is not less than 1-3; in 
the aliphatic diazo-compounds it would be approximately that of two C—N links inclined 
at 48° 40’ (for valency distances, see Sidgwick and Bowen, Ann. Reports, 1931, 28, 384), 
and if these are each taken to be about 1-0 [H,C—N is about 1-2 (Hammick, New, and 
Sutton, J., 1932, 745), of which 0-2 may be due to the H,C group (Sutton, Proc. Roy. Soc., 
1931, A, 133, 689)] the resultant is 1-82; this might be reduced by as much as 0-41 (the 
moment of toluene) by the moments in the Ph—C links, giving roughly the observed value. 


* Although an atom polarisation of 2 c.c. would change a moment of 0°3 to zero, yet it only changes 
one of 1-960 (as for p-tolyl azide) to 1°935. 

+t Examples are the bivalent carbon compounds; the N-ethers of the oximes; the sulphoxides and 
sulphones; and especially the co-ordination compounds of the halides of beryllium, aluminium, and 
boron with ethers, ketones, amines, nitro-compounds, etc., which have moments of 6—9 units (Ulich and 
Nespital, Z. angew. Chem., 1931, 44, 750; Nespital, Z. physikal. Chem., 1932, B, 16, 153). 

t (III) is the only formula which would account for the optical activity of the diazo-compounds. 
This activity has, however, been shown not to be real (see Weissberger and Haase, Ber., 1931, 64, 2896; 
Weissberger and Bach, ibid., 1932, 65, 265; Ray, J. Amer. Chem. Soc., 1932, 54, 4753). 
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It has been suggested that since the linear azide ion, like the chloride ion, has no turning 
moment, it might be expected when it forms a covalency to produce the same moment as 
chlorine, so that the observed moment of the azide would be no argument against the 
linear structure. But if the structure is examined, it will be seen that this is not so, as 
was pointed out by T. C. Sutton (Nature, 1931, 128, 872). When the chlorine ion forms 
a covalency, the only element of dissymmetry introduced is that caused by the shared pair 
of electrons. The symmetry of the azide ion, on the other hand, is due to the balancing 
of the two co-ordinate links against one another. If this symmetry were to be maintained 
when the ion becomes covalently linked, the new link would have to be formed by the 
central nitrogen atom. But this atom has no unshared electrons: the link can only be 
formed by one of the terminal nitrogen atoms, and this must destroy the symmetry and 
give a molecule with a large moment and a small stability, which presumably then goes 
over into the more stable ring form. 

It would therefore seem that if the azides and the aliphatic diazo-compounds have any 
one of the three types of formula suggested above, it must be the first : they must be ring 
compounds. If they are tautomeric mixtures of any two, the amount of the open-chain 
form must be small, since its moment would be large; also the proportions must be much 
the same in the phenyl, tolyl, and chlorophenyl derivatives. It should be observed that, 
although the moments of molecules with formule (II) and (III) are in opposite directions, a 
tautomeric mixture of these two forms will not show a smaller moment; the molecules will 
orient themselves as individuals in the field, and the polarisation observed will be inde- 
pendent of the direction of the moment relative to the benzene ring. There is, however, 
one possibility left open. Pauling has suggested (J. Amer. Chem. Soc., 1932, 54, 988) that 
when two tautomeric structures have nearly the same energy content, a molecule may 
exist in a state of continuous and very rapid oscillation between the two. An oscillation 
of this kind, since it occurs in a time much less than that (about 10~? second in solution) 
required for the orientation of the polar molecules in the field employed, must be supposed 
to give a moment which is the algebraic mean of those of the two structures. If we assume 
the azides (and a similar argument applies to the diazo-compounds) to consist of the two 
forms R—N—N—N and R—N<N=N oscillating in this way, then, since the two pre- 
dominant moments, those of the co-ordinate links, are equal and opposite, they should 
cancel one another (if the two forms are equally favoured), and we should be left with the 
small moment of the C—N link. 

[Note, added Feb. 1st, 1933.] The measurement of the heats of combustion of phenyl 
azide and ethyl azidoacetate by Roth and Miiller (Ber., 1929, 62, 1190) enables us to find 
the heat of formation from its atoms (H,) of the azide group, and to compare it with those 
calculated for the rival structures; the results are somewhat remarkable. The value for 
the N—N link can be got from H, for phenyl- or phenylmethyl-hydrazine, together with 
that for aniline or methyl-aniline, subtracting the value (87-0 kg.-cals.) for N—H in the 
amines (N—H in NH, is 89-8); that of N—N can be obtained in the same way from azo- 
benzene. Using the fundamental values given by Bowen and Sidgwick (loc. cit., p. 401) 
and the heats of combustion quoted by Kharasch (Bur. Stand. J. Res., 1929, 2, 359), and 
allowing for the heats of evaporation and, when necessary, of fusion, we obtain the following 
results (in kg.-cals. per g.-mol.) for the heats of formation of the links in the gaseous state 
from their atoms : 

N—N : from NHPh-:NH,, 34:3; from NMePh-NHg, 37-0; mean, 35-7 
NN : from azobenzene 86°8 
N=N : from gaseous nitrogen 208-0 
From the value for C=N in the nitriles (187-5) and in the zsocyanides (183-0), and from 
that of C=O in carbon monoxide (quoted below), it seems that H, is much the same for 
a co-ordinated link as for an ordinary covalency. We can therefore calculate what should 
be the value of H, for each of the possible azide structures : 
(I.) 206N—N) + (NN) = 71-4 + 86-8 = 158-2 
(II.) 2(N—N) = 173-6 
(III.) (N—N) + (N=N) = 35-7 + 208-0 = 243-7 
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Roth and Miiller’s values give for the azide group N, from phenyl azide 205-9 and from 
ethyl azidoacetate 211-9, mean 208-9; this is almost exactly the mean of (II) and (III) 
(208-7). This seems to support the view that the azides have the two linear structures 
(II) and (III) in a state of resonance; although the difference of energy of the two states 
(70 kg.-cals. or 3 electron-volts) is rather large to permit of such resonance. It should be 
noticed that any strain in the ring structure (I) would diminish H, (the strain in cyclopropane 
is above 20 kg.-cals.). 

The values obtained for the multiple N—N links are in striking contrast to those given 
by C—C. In the latter the familiar strain which causes the instability of unsaturated 
compounds appears in the fact that the heat of formation increases less rapidly than in 
proportion to the number of links. As was shown before (Ann. Reports, 1931, 28, 387), 
this is not true of the multiple links of carbon to nitrogen, oxygen, or sulphur, in which 
the increase is proportional to the multiplicity, or slightly greater. Since there must be 
some strain on the side of the carbon, this suggests that the multiple N—N and O—0O links 
should show a negative strain, that H, should increase more rapidly than the multiplicity. 
The figures given above show that this is true for nitrogen. That it also holds with oxygen 
can be deduced from the heat of conversion of hydrogen peroxide into water and oxygen. 
According to Matheson and Maass (J. Amer. Chem. Soc., 1929, 51, 674) the reaction 
2H,O, (liq.) —-> 2H,0 (liq.) + O, evolves 47 kg.-cals. The heat of evaporation of H,O, 
at 20° can scarcely exceed that of water by more than 3 kg.-cals., which would give 2H,O, 
(gas) ——> 2H,O (gas) + O, + 41-0 kg.-cals. Whether we write H,O, as H—O—O—H 


or as HO? 9, this reaction only involves the conversion of two O—O links into one 


O—O, so that we have 2(>0—O) = (O—O) + 41 kg.-cals., or H,(O—O) = 3[H, (O—O) — 
41] = 4(118 — 41) = 38-5 kg.-cals. 

The relative values of the heats of formation of these links are thus (the C=O value 
is taken from carbon monoxide) : 



























c—-C 1 N—N 1 Oo—O 1 C—N 1 C—O 1 Cc—S 1 
Cc—C 1:8 N=N 2-4 O—O0 3:1 —=N 2:0 C—O 2:3 C—S 2:2 
C=C 2:3 N=N 5:8 _ CSN 3-4 C=0 3:3 — 












This difference between the behaviour of carbon and that of the succeeding elements is 
presumably due to the presence of unshared electrons in the valency groups of the latter. 

It thus appears that the dipole moments are compatible only with either the ring 
structure or resonance between the two linear structures; whilst the heat data are incom- 
patible with the ring structure and give a value intermediate between the two linear 
structures, which themselves differ by an amount (3 volts) surprisingly large for resonance 
to occur. 
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108. The Complex Metallic Salts of Sulphamide: an Optically 
Active Inorganic Salt. 






By FREDERICK G. MANN. 






A CONSIDERATION of those chelate molecules and radicals which, when co-ordinated to a 
metallic atom, each occupy two co-ordinate positions with consequent ring formation, 
shows that such groups can be divided into two definite classes. (1) The first class con- 
sists of those groups which can fully saturate metallic atoms whether these have the 
co-ordination number 4 or 6; ¢.g., ethylenediamine, aminoacetic acid, and the oxalate 
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radical, the former giving salts such as [Ni en,]Cl, and also [Co en,]Cl,. Other less familiar 
examples of chelate molecules capable of complete saturation of 6-co-ordination metallic 
atoms are a«’-dipyridyl (Werner, Ber., 1912, 45, 433; Morgan and Burstall, J., 1931, 
2213), «-nitroso-8-naphthol (Morgan and Smith, J., 1921, 119, 704), and N-nitrosophenyl- 
hydroxylamine (Bamberger and Baudisch, Ber., 1909, 42, 3576; Baudisch, Chem. Z., 
1909, 33, 1298). (2) The second class consists of those groups which, although saturating 
metallic atoms of co-ordination number 4, apparently never fully saturate those of co- 
ordination number 6. A particularly good example in this class is dimethylglyoxime, 
whose complex salts were examined in detail by Tschugaeff and his co-workers (Z. anorg. 
Chem., 1905, 46, 144; 1913, 83, 1; Ber., 1906, 39, 2692; 1907, 40, 3498; 1908, 441, 
2226) : whereas it readily co-ordinates with the bivalent nickel, palladous, and platinous 
atoms, giving, e.g., the non-ionic [Ni(C,H,N,0,)o], yet 3 molecules of the dioxime never 
combine similarly with the 6-co-ordination cobaltic atom; instead, only 2 molecules 
combine, the remaining two co-ordination positions being occupied by non-chelate 
molecules and radicals, as in [Co(CyH,N,O.),(NHg),|Cl, [Co(C,H,N,O,).(NH;)Br], 
and [Co(C,H,N,0,).(NO,),.)NH,. Rhodium gives similar compounds such as 
[Rh(C,H,N,O,).(NH3)o|Cl, the metal again never combining with 3 molecules of the 
dioxime : moreover, these compounds were each definite chemical individuals, since no 
trace of cis-trans-isomerism could be detected. Methylethylglyoxime and other homo- 
logues behave similarly. This behaviour is in striking contrast to that of «-benzil- 
monoxime, a chelate molecule falling definitely into the first class, since it unites readily 


. : i O¢—Ph 
with cobalt to give the stable non-ionic compound of formula | Co(< rae tens h 


(Tschugaeff, J. pr. Chem., 1907, 76, 91). 

Another chelate molecule in the second class is «y-diamino-$-hydroxypropane, for it 
has been shown by Mann (J., 1927, 2907) that, when cobalt is treated even with a large 
excess of this diamine, only 2 molecules of the latter co-ordinate, the product being di- 
hydroxybis-«y-diamino-$-hydroxypropanecobaltic monochloride, 

[(HO),Co{(NH,°CH,),CH*OH}, jCl. 
No compound having 3 molecules of the diamine co-ordinated could be isolated. In a 
discussion of this and other similar examples of chelate groups falling into the second 
class, it was suggested (Mann, Joc. cit.) that probably a steric factor alone prevented the 
co-ordination of the third chelate group. Thus, if in the formation of the above compound, 
the first two molecules of the diamine were to occupy the 2:3 and the 4: 5 apices in the 
6-co-ordination octahedron, 7.e., were to arrange themselves in one plane, then the remain- 
ing two apices, being in the 1 : 6 or oer would be too far apart for union with 


H,——NH, ,-|__,-NH,—CH, 
be sani cd 8 +y Ps Sot 


eat cll, 


the third molecule of the diamine, and would necessarily be saturated by other non-chelate 
groups. 

Although this assumption that the second chelate group, by arranging itself in the 
same plane as the first, prevents the co-ordination of the third group, did apparently 
explain the behaviour of the second class of chelate group, yet it threw no light on the 
factor which decides to which of these two classes a particular chelate group would belong. 
Moreover, an investigation on the complex metallic salts of sulphamide, SO,(NH,)., has 
now shown that this steric factor does not explain completely the behaviour of this class 
of chelate group, and that it is supplemented, and sometimes possibly even replaced, 
by a second factor, viz., the stability factor. 

Sulphamide has long been known to act as a weak dibasic acid, and to give insoluble 
salts with the heavy metals, ¢.g., SO,(NHAg),. Salts with the alkali metals are freely - 
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soluble in water, and the sodium salt may be obtained in solution by adding sulphamide 
to a warm aqueous solution of sodium carbonate. If now sodium rhodiochloride is added 
to this solution, co-ordination occurs rapidly, but even if a considerable excess of sulph- 
amide be used, the product is always sodium diaquorhodiumdisulphamide, 
Na[(H,O),Rh(N,H,SO,)9], 

and no trisodium rhodiumtrisulphamide, Na,{Rh(N,H,SO,)3], can be detected. This 
monosodium salt should be capable of existence in the usual two isomeric forms, (A) and 
(B), in which the two molecules of water occupy respectively the 1 : 6 or ¢vans- and the 


(A.) OS, 


1 : 2 or cis-apices. These isomerides differ essentially in that (A) is symmetric and non- 
resolvable into optically active forms, whilst (B) is dissymmetric and should therefore be 
resolvable. 

Now, if the absence of the third sulphamide residue indicated that the steric factor 
alone determined the configuration of this monosodium salt, the latter would consist 
solely of the isomeride (A). Actually, however, the sodium diaquorhodiumdisulphamide 
has been resolved into optically active forms, having [M];..9 + 31° and — 34°, and thus 
must consist wholly or in part of the isomeride (B). It is clear, therefore, that the absence 
of the third chelate group does not necessarily entail the /vans-configuration, and that the 
stability factor must sometimes determine the composition of these salts. It is thus 
probable that when certain chelate groups are added in excess to the 6-co-ordinating 
metal, there is an immediate tendency for the metal to unite fully with three of these 
groups. The compound so formed, however, under the conditions of the preparation, 
is far less stable than that having only two chelate groups, and therefore has only a 
transient existence, one of the chelate groups breaking off and being replaced by other 
simpler non-chelate groups: the two groups replacing the third chelate group would 
thus necessarily enter the cis-positions, and their orientation could be confirmed by optical 
resolution. In the formation of any particular complex salt having two chelate groups, 
it is possible that either or both of the factors may come into play: when the ¢rans-(A) 
and the cis-(B) compound are formed side by side, it is probable that the former owes its 
existence to the first or steric factor, and the latter to the second or stability factor.* 

A point arises here which affects the constitution, but not the configuration, of these 
complex sulphamide salts. It has been shown by Traube (Ber., 1893, 26, 609) and con- 
firmed by the author that, when sulphamide is boiled under reflux with sodium hydroxide 
solution, one molecule of ammonia is rapidly evolved with the formation of aminosulphonic 
acid, which then strongly resists further hydrolysis; when the sulphamide is similarly 
treated with dilute hydrochloric acid, aminosulphonic acid is again rapidly formed, but 
now does slowly undergo complete hydrolysis to ammonia and sulphuric acid. These 


* Hence in the preparation of trichelate metallic complexes, it is frequently advantageous to use as 
low a temperature as the general process of co-ordination allows. The steric factor would militate 
against the formation of such complexes probably at both low and high temperatures, the stability factor 
only at high temperatures. When, moreover, the cis- and the tvans-dichelate compound are inter- 
convertible in solution (as in the diaquochromiumdioxalates, Werner, Annalen, 1914, 406, 270 et seq.), 
a maximum yield of the trichelate metallic complex is obtained at a temperature high enough for the 
equilibrium 

tvans-dichelate complex =— cis-dichelate complex 
to be rapidly attained, and low enough to prevent the operation of the stability factor in forcing the 
equilibrium 
cis-dichelate complex + chelate group = trichelate complex 
to the left. At this compromise temperature, and in the presence of an excess of the co-ordinating 
chelate groups, both equilibria will shift continuously to the right, with a steady production of the 
trichelate complex. 
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results would indicate that sulphamide, particularly in alkaline solution, tends to act 
chemically more as the monoamide of aminosulphonic acid than as the diamide of sulphuric 
acid. It therefore appeared probable that one amino-group in the sulphamide molecule 


[ NH, 
HO 

Na | Rh¢ "so, (D.) 
= iv if pe 


might co-ordinate as a basic amine group, and the other as an acidic amide group : the 
rhodium derivative would therefore be the dihydroxyrhodiumdisulphamide (D), and not 
the isomeric diaquorhodiumdisulphamide (C). Since each compound is of the ‘‘ diammino- 
tetracido ” type, these considerations obviously do not affect the stereochemical properties. 

This point, however, was settled by an investigation of the platinic derivatives of 
sulphamide. When an excess of sulphamide, again dissolved in hot sodium carbonate 
solution, was treated with sodium chloroplatinate, the only product isolated was sodium 
monoamminomonohydroxy platinicdisulphamide, Na[(NH, )(HO)Pt(N, H,SO,)2], the mole- 
cule of ammonia arising from that which is always present in the solution owing to partial 
hydrolysis of the excess of sulphamide. This platinum compound must be of the type 
(C), in which each sulphamide residue is acting as a dibasic acid: no isomeric compound 
of the type (D), in which each sulphamide residue is acting as an amino-acid, is now 
possible. The nearest approach would be a compound of the type 

Cl{(NH,) (HO) Pt(H,N-SO,-NH).], 

in which the univalent complex ion becomes electropositive, forming, e.g., a monochloride, 
instead of electronegative. It follows by analogy that the rhodium compounds have also 
the constitution (C). . 

Sodium diaquorhodiumdisulphamide and sodium monoamminomonohydroxyplatinic- 
disulphamide are extraordinarily similar in their general properties. Both are stable, 
yellow, microcrystalline salts, freely soluble in cold water, but only slightly soluble in 
aqueous alcohol; they are thus easily isolated from aqueous solution by precipitation 
with a small quantity of alcohol. The corresponding potassium and ammonium! salts are 
markedly less soluble, and are immediately precipitated from concentrated aqueous 
solutions of the sodium salts on addition of soluble potassium and ammonium salts. Both 
sodium derivatives are salts of insoluble weak complex acids, but it would appear that the 
free platinic acid, of formula H[(NH,)(HO)Pt(H,N,SO,),], although definitely more 
stable than the free rhodium acid, H[(H,O),Rh(H,N,SO,).], has even more weakly acidic 
properties. The feebly acidic nature of these free acids, combined with their almost 
complete insolubility in water, necessarily made attempts at optical resolution extremely 
difficult. For instance, if an aqueous solution of the sodium rhodium salt were treated 
with an equivalent quantity of the hydrochloride of a weak base such as brucine, con- 
siderable hydrolysis at once occurred, and the precipitated brucine rhodium salt, itself 
of very low solubility, was always contaminated with much insoluble free acid; even 
had it been possible to recrystallise this brucine salt, the process would merely have given 
increasing quantities of the free acid. To obtain evidence of optical resolution, it was 
therefore essential to use a strongly basic active amine, preferably of low molecular weight, 
in order to give a salt which would show minimum hydrolysis and maximum solubility, 
and to effect separation, not by recrystallisation, but by slow fractional precipitation at 
low temperatures. Ultimately the best results were obtained when an excess of d-a- 
phenylethylamine hydrochloride was slowly added to a solution of the sodium rhodium 
salt; the initial slight precipitate rapidly redissolved as the addition of the amine became 
complete, and the clear solution on standing for 24 hours gave a small precipitate of the 
chemically pure d-base d-rhodiumsulphamide; later precipitates were increasingly con- 
taminated with the free acid. This initial crop was then decomposed by sodium hydr- 
oxide, and the sodium d-rhodium salt precipitated by alcohol: it had [MV] + 31°. The 
corresponding /-sodium salt, having [1/7] — 30°, was obtained in the same way, by means 
of /-a-phenylethylamine. It was also obtained quite independently by using d-nor-p- 
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ephedrine sulphate ; the method was precisely as before, but the more weakly basic nature 
of the ephedrine caused separation of the free acid to occur more readily : a much smaller 
initial crop had to be taken to ensure that the d-ephedrine 1|-rhodiumsulphamide was 
chemically pure. The latter when treated with sodium hydroxide gave the sodium 
l-rhodiumsulphamide having [M]— 34°. These sodium salts possess considerable 
optical stability; the rotation in aqueous solution remains unchanged for several days 
at room temperature, but after 1 hour at 100° it falls by about 30% : this is probably due, 
however, not to racemisation, but to slow decomposition of the salt as the sulphamide 
residues are hydrolysed. 

The free acid in the platinum series proved to be so weak that pure salts could not be 
obtained with amines. Fractional precipitation was attempted with the salts of various 
alkaloids, of d-«-phenylethylamine, of d-nor-yb-ephedrine, and of d-sec.-butylamine, but 
in all cases even the smallest first crop of the salt was heavily contaminated with the 
free acid, and on treatment with sodium hydroxide gave inactive sodium salts. Attempts 
to resolve the platinum compound were therefore abandoned. 

It is obviously very difficult to decide whether the two forms of sodium diaquorhodium- 
disulphamide represent the optically pure enantiomorphs, although the closely similar 
rotatory powers of the sodium salts obtained from the phenylethylamine and the 
ephedrine salts suggest that these may represent the almost pure material. Since the 
proof of the configuration depended on the existence, and not upon the extent, of the 
optical activity, the isolation of the optically pure salts was not essential. 

A salt which is structurally closely parallel to the above rhodiumsulphamide compound 
has been examined by Wahl [Soc. Sci. Fennica Comm. Phys. Math., 1927, 4, (14), 1], who, 
by treating copper sulphate with ethylenediamine has isolated the diaquobisethylenedi- 
aminocupric sulphate, [(H,O),Cuen,JSO,. This compound also should exist in two 
isomeric forms, in which the two molecules of water are in the cis- and the érans-position. 
Wahl has shown that the compound can be resolved with the aid of tartaric acid, and has 
therefore the cis-configuration. The formation of this compound is evidently determined by 
the second (stability) factor, since Werner (Z. anorg. Chem., 1899, 21, 201) has shown that 
in cold concentrated solution copper will combine with 3 molecules of ethylenediamine, 
but that on dilution the third diamine molecule splits off: it would necessarily follow that 
the diaquo-compound must have the cis-configuration. These ethylenediaminocupric 
salts differ stereochemically from the rhodiumsulphamide compounds only in that with 
the former there is definite experimental evidence that union with the third chelate group 
is possible. 

It has been suggested by Traube and Reubke (Ber., 1923, 56, 1656) that the properties 
of sulphamide—more particularly its acidic character—point to the existence of a tauto- 
meric mixture of the normal form (E) with the aci-form (F). On modern formulation, the 
sulphur atom in (F) has now a decet of electrons (unless a co-ordinate link be assumed 


HN. . 0 —> H,N. <0 H[ HN. 70 H,Nv 70 
H,N>S<o <— Hn?S<on | HN>S<| H,N> 
(E.) (F,) (G.) (H) 


between the HN— group and the S atom, as well as between the O atom and the S atom), 
and formula (F) is therefore unlikely. It is more probable that sulphamide acts as an 
acid by direct ionisation of the hydrogen atoms, and should therefore be represented by (G). 
Further, since Hantzsch and Holl (Ber., 1901, 34, 3436) have shown that sulphamide is 
not itself an electrolyte, and that its aqueous solution gives a normal molecular weight 
and possesses only a feeble conductivity, it is clear that no appreciable ionisation occurs 
until alkaliisadded. Further direct evidence that the anhydrous material has the structure 
(H) has now been obtained by parachor measurements. The sulphamide used in these 
experiments was prepared by a modification of Ephraim and Gurewitsch’s method (Ber., 
1910, 48, 148), and recrystallisation of the crude material first from ethyl acetate and then 
from glycol monoethy]l ether gave a very pure specimen, m. p. 93°. In spite of the recorded 
instability of molten sulphamide, this specimen, when fused and kept below 105°, remained 
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unchanged long enough for an accurate parachor determination. This was kindly under- 
taken by Prof. S. Sugden, who obtained a value of 174 at 102°, the formula (H) requiring 
178-3. 

Attention should be drawn to the fact that sodium diaquorhodiumdisulphamide is the 
second inorganic (7.e., carbon-free) compound to be isolated whose dissymmetry in solution 
has been definitely proved by optical resolution. The first such compound was dodeca- 
amminohexoltetracobaltic hexabromide, [Co[(HO),Co(NH,),4],]Brg, which Werner (Ber., 
1914, 47, 3087) prepared and resolved primarily to justify his theory of co-ordination and 
to remove any lingering doubts that the optical activity of other complex salts could 
possibly be due to the carbon atoms they contained. 

The very rare occurrence of molecular dissymmetry in purely inorganic compounds is 
due primarily to the fact that such dissymmetry is almost invariably dependent on the 
presence of suitably co-ordinated cyclic systems: such systems are difficult to form with 
entirely inorganic elements, and are usually very unstable. Thus the demonstration of 
the dissymmetry which trihydrazinocobaltous sulphate, [Co(N,H,),)SO, (Curtius and 
Schrader, J. pr. Chem., 1894, 50, 311), should possess, would be difficult owing to the 
extreme instability of this compound. The sulphite radical is noteworthy in that it does 
give stable co-ordinated ring systems, but the molecular dissymmetry of its complex salts 
cannot be shown by the usual methods owing to their marked insolubility. Thus the 
alkali cobaltitrisulphites, such as Na,[Co(SO,),], (Hahn, Meier, and Siegert, Z. anorg. 
Chem., 1926, 150, 127; Jantsch and Abresch, ibid., 1929, 179, 345), the corresponding 
rhodiotrisulphites (Dammer, ‘‘ Handb. der Anorg. Chem.,”’ 1893, 3, 867) and the iridiotri- 
sulphites (Birnbaum, Annalen, 1865, 136, 183) are all insoluble salts. 

Sodium rhodiochloride dihydrate, Na,RhCl,,2H,O, has now been isolated; since the 
nonahydrate is efflorescent, its rhodium content cannot be assumed, but when kept over — 
sulphuric acid in a vacuum, it rapidly gives the stable dihydrate, which is of great con- | 
venience in experiments requiring a known weight of rhodium in the form of the chloride. 


EXPERIMENTAL. 


All rotations were measured at 15° in a 4-dcm. tube with the Hg yellow line ( 5780). 

Sulphamide.—Various methods of prepn. were investigated, but that of Ephraim and 
Gurewitsch (loc. cit.) appeared best. SO,Cl, was dropped into liquid NH,;; excess of the latter 
was allowed to evaporate, the solid residue dissolved in cold H,O, and the solution acidified 
with dil. HCl and kept for 48 hr. whilst the imidosulphamide, HN(SO,NH,),, underwent hydro- 
lysis. The long evaporation in a desiccator at room temp. was unnecessary, since if the solution 
was evaporated to dryness at 50° under reduced press., the yield of sulphamide was almost 
unaffected. The solid residue was extracted with boiling EtOAc, and on concn. crude sulph- 
amide was deposited; two recrystns. from glycol monoethyl ether gave the pure material, 
m. p. 93°. 

Prof. Sugden reports : ‘‘ Sulphamide at 102° has y = 72-35 dynes/cm., and D = 1-611 g./c.c., 
whence the parachor is 174-0. Formula (H) requires 178-3. Since compounds containing NH, 
groups are usually “ associated liquids’ and give-low parachors, the agreement is as good as 
could be expected, and probably indicates that the fused sulphamide has essentially the normal 
structure.” 

Sodium Rhodiochloride Dihydrate, Na,RhCl,,2H,O.—The chloride after recrystn. from hot 
H,O was powdered and placed in a vac. over H,SO, for 2 days. The dihydrate was obtained 
as a pale red powder, which even after a further 3 weeks in the desiccator, underwent no further 
dehydration (Found: Cl, 50-4; Rh, 24-6; H,O, 8-4. H,0,Cl,Na,Rh requires Cl, 50-6; Kh, 
24:5; H,O, 855%). 

Sodium Diaquorhodiumdisulphamide.—The best results were obtained when 4 mols. of 
sulphamide were used for each mol. of the rhodiochloride, and it was essential to add the latter 
to the sulphamide solution; the reverse proceeding gave a final product which was often 
gelatinous and difficult to filter. Anhyd. Na,CO, (18 g.) and sulphamide (16-8 g.) were dissolved 
in turn in H,O (150 c.c.) at 30—40°; to this solution was added a solution of Na,;RhCl,,2H,O 
(18 g.) in H,O (80 c.c.) at 60—65°. The mixture was then heated on the water-bath for 20 
min.; a small initial reddish ppt. rapidly redissolved, and the solution finally became clear 
reddish-yellow; CO, was evolved during the heating, and the final solution smelt of free NH3. 





418 The Complex Metallic Salts of Sulphamide, etc. 


The solution was then allowed to cool slowly, and a heavy, finely cryst. ppt. of the rhodium- 
disulphamide (8-0 g.) separated. This was filtered off, and a second crop (10 g.) then obtained 
by the cautious addition of EtOH to the cold filtrate (excess of EtOH caused contamination 
with NaCl, etc.); the above quantities represent the average yield over a number of similar 
prepns. The first crop consisted of an impure unstable dihydrate; the second crop was almost 
anhyd. Both crops were best purified by dissolution in cold H,O, and repptn. with EtOH. 
The product so obtained, when dried in a vac., gave the anhyd. sodium diaquorhodium disulph- 
amide as a yellow, microcryst. powder, which is apparently unchanged at 300° (Found: H, 
2-1; N, 16-5; Rh, 29-1; S, 18-2. H,O,N,S,NaRh requires H, 2-3; N, 16-00; Rh, 29-4; 
S, 183%). The values for N were always high, owing probably to the presence of a small 
amount of the corresponding monoaquomonoammino-compound. 

Hydrogen Diaquorhodiumdisulphamide.—A cold aq. solution of the Na salt was treated 
cautiously with dil. HCl, preferably with ice-cooling, an immediate ppt. of the free acid being 
formed. This was filtered off, washed with H,O, EtOH, and Et,O, and dried in a vac.; it was 
thus obtained as a fine yellow powder, insol. in cold H,O and unaffected by heating to 300°. 
It is slowly decomposed by strong acids, and their use in the initial preptn. afforded an impure 
product of high Kh content (Found: N, 17-0; Rh, 31-6; S, 19-3. H,O,N,S,Rh requires N, 
17-1; Rh, 31-35; S, 19-5%). 

Ammonium salt. This salt was obtained as a yellow ppt. by the addition of NH,Cl to a 
conc. aq. solution of the Na salt. It is only slightly sol. in cold H,O, but attempts to wash it 
on the filter always caused slight hydrolysis, with consequent contamination with the free acid 
(Found: N, 20-3; Rh, 30-3; S, 18-5. H,,0,N,S,Rh requires N, 20-3; Rh, 29-8; S, 18-6%). 

d-a-Phenylethylamine d-Diaquorhodiumdisulphamide, C,H,,N-H[{(H,O),Rh(N,H,SO,),].—A 
solution of d-phenylethylamine hydrochloride (5-4 g., 3 mols.) in H,O (100 c.c.) was slowly added 
with stirring to a solution of the sodium rhodium salt (4 g.) in H,O (60 c.c.). <A faint ppt. was 
first formed but rapidly redissolved; as the addition approached completion, the clear solution 
again became faintly turbid, and the final portion of the hydrochloride solution was withheld 
if this turbidity appeared likely to develop immediately into a definite ppt. The solution was 
kept for 24 hr., and the fine yellow ppt. of the amine salt was then separated, further delay 
always causing an increasing contamination of the salt by the free complex acid. The ppt. 
of the phenylethylamine salt, which was only moderately sol. in cold H,O, was then dried without 
washing, to prevent hydrolysis (Found: N, 15:5; Rh, 23-2; S, 14:5. C,H.,.O,N;S,Rh requires 
N, 15-6; Rh, 22-9; S, 143%). 

Sodium d-Diaquorhodiumdisulphamide.—A paste of the finely powdered phenylethylamine 
salt and a little cold H,O was treated with twice the theo. quantity of N-NaOH required to 
liberate the base, a clear solution being at once obtained. This was twice extracted with 
Et,O, and the Na salt was then pptd. from the aq. solution by the addition of EtOH. It was 
washed repeatedly with EtOH and then Et,O, and dried (Found: Kh, 29-5; S, 18-1%); 
a + 040°, [a] + 8-8°, [M] + 31° (c = 1-1370). For solutions of this salt and of the sodium 
platinum salt, a concn. of about 1% was the highest permissible in a 4-dcm. tube, owing to the 
intense absorption of light. 

In view of the comparatively low order of this rotation, it should be emphasised that the 
above method of isolating the Na salt ensured a complete absence of the active amine. The 
extraction with Et,O, the pptn. with EtOH, and the final washing with organic solvents were 
each alone sufficient for this purpose, and the absence of the amine was confirmed by the 
analysis of the Na salt, and by the fact that the spec. rotation of the latter was approx. 3 times 
that of the active amine hydrochloride at the same dilution. 

d-Nor-y-ephedrine 1-Diaquorhodiumdisulphamide, CgH ,,;ON-H[(H,O),Rh(N,H,SO,),].—To en- 
sure the slow pptn. of the unhydrolysed amine salt, it was necessary to use a considerable excess 
of the amine (6 equiv.) and to work in dil. solution. The d-nor-J-ephedrine sulphate (10 g., 
3 mols.) was dissolved in hot water (280 c.c.), the solution chilled, and then added to a solution 
of the Na salt (5 g.) in cold H,O (60 c.c.), the mixture at first remaining clear. After 2 days, 
the yellow ppt. of the ephedrine salt which had slowly separated was removed and dried (Found : 
N, 14:5; Rh, 21-85; S, 12-9. C,H,,O,N,S,Rh requires N, 14:6; Rh, 21-5; S, 13-4%). 

Sodium |-Diaquorhodiumdisulphamide.—This was isolated from the slightly sol. ephedrine 
salt in precisely the same way as the sodium d-salt from the phenylethylamine salt; « — 0-42°, 
[a] — 9-6°, [M] — 33-5° (c = 1-0980) (Found: Kh, 29-1; S, 18-2%). This /-Na salt was also 
obtained by repeating the former resolution using /-«-phenylethylamine hydrochloride; the 
amine salt was converted into the Na salt; « — 0-31°, [«] — 8-6°, [M] — 30° (c = 0-8980). 

Sodium Monoamminomonohydroxy platinicdisulphamide.—Anhyd. Na,CO, (30-4 g.) and sulph- 
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amide (27-2 g., 4 mols.) were dissolved in turn in warm H,O (160 c.c.), and to this solution was 
added Na,PtCl,,6H,O (40 g.) also dissolved in H,O (120 c.c.) at 50°. The mixture was heated 
on the water-bath for 1-5 hr., CO, being freely evolved; the solution, which smelt strongly of 
NH;, was then allowed to cool slowly and kept over-night. The first crop (5-2 g.) of the Na 
salt, fine heavy orange-coloured crystals, was then filtered off, and the second crop (13-1 g.) 
was obtained by pptn. from the mother-liquor with EtOH. The first crop consisted of an 
unstable hydrate, and the anhyd. material was readily obtained from both crops by drying 
in a vac. over P,O;. The sodium salt was thus obtained as a fine yellow microcryst. powder, 
also apparently unchanged at 300° (Found: N, 15-4; Pt, 44-2; S, 14-45. H,O;N,S,PtNa 
requires N, 15-9; Pt, 44-3; S, 14-55%). The values for N, unlike those of the Rh compound, 
were always low: the reason, however, is probably similar, viz., that this Pt salt contained a 
small quantity of the corresponding monoaquomonohydroxy-compound. 

Hydrogen Monoamminomonohydroxyplatinicdisulphamide.—This was obtained in precisely 
the same way as the complex Rh acid; it is, however, much more stable, and could be pptd. by 
comparatively strong acids without decomp. It is a fine yellow powder, insol. in cold H,O, 
and unchanged by heating to 300° (Found: N, 16-2; Pt, 46-8; S, 15-45. H,O;N,S,Pt requires 
N, 16-7; Pt, 46-65; S, 15-3%). 

Potassium salt. This was at once pptd. when KCl was added to an aq. solution of the Na 
salt. It is a yellow microcryst. powder, feebly sol. in cold H,O (Found: N, 14-7; Pt, 42°55; 
S, 14:0. H,O,;N,;S,KPt requires N, 15-3; Pt, 42-75; S, 14-0%). 

The ammonium salt is also only slightly soluble in water and could be similarly precipitated ; 
it was always found, however, to be mixed with the free complex acid, and therefore to be low 
in its N content and high in Pt. The acidic character of the complex acid is so feeble that all 
salts, except those formed with strong bases, hydrolyse readily, the process being aided by the 
pptn. of the insol. complex acid. It was probably this factor, and not any question of con- 
figuration, that prevented optical resolution. In spite of careful investigation of the conditions, 
pure salts of the complex acid with d-«-phenylethylamine, d-nor-j-ephedrine, or d-sec.-butyl- 
amine were never obtained, the product always containing much free acid. Thus a typical | 
preparation of the phenylethylamine salt had the composition: C, 13-1; H, 3-2; Pt, 40-1 
(Calc. for HygCgO;N,S,Pt: C, 17-8; H, 3-7; Pt, 36-2%). The impure phenylethylamine salt 
on treatment with NaOH sometimes gave a Na salt having a minute rotation: these results, 
however, could not be repeated and were probably without significance. Most preparations 
of the salt with this amine, and all those with nor-y-ephedrine and with sec.-butylamine gave 


completely inactive sodium salts. 
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109. Physicochemical Studies of Complex Acids. Part IX. Tantalic 
Acid. Reactions of Alkali Niobate and Tantalate Solutions with 


Organic Acids, 
By H. T. S. Britron and Rosert A. RoBINsoNn. 


THE only recorded physicochemical work on tantalic acid and alkali tantalate solutions is 
that by Jander and Schulz (Z. anorg. Chem., 1925, 144, 225), who carried out diffusion 
experiments, two colorimetric #g measurements, and conductivity determinations of 
solutions of K,Ta,O,, and Na,Ta,O,, each at two dilutions, and by Pierce and Yntema 
(J. Physical Chem., 1930, 34, 1822), who made a single hydrogen-electrode titration of an 
alkali tantalate solution with hydrochloric acid. The present communication deals with 
potentiometric and conductometric investigations of the action of hydrochloric acid and 
typical acids of gradually diminishing strength on solutions of alkali niobate and alkali 
tantalate. Strong and moderately strong acids precipitate the pentoxides readily, acetic 
acid precipitates tantala but not niobia, whilst oxalic, lactic, tartaric, and malic acids retain 


both these oxides in solution. 
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Russ (Z. anorg. Chem., 1902, 31, 42) found that, in contrast to the slight solubility of 
tantala, niobia is appreciably soluble in oxalic acid solutions; he attributed this to the 
different behaviours of the oxalo-acids formed. To test this view, hydrogen-electrode 
titrations with alkali have been performed on oxalic acid solutions containing (i) varying 
amounts of niobia, and (ii) the maximum quantity of tantala that could be dissolved. 
Russ’s explanation has been found untenable, and a more valid hypothesis is now advanced. 

Some observations are also recorded in regard to the precipitation of the oxides by 
means of ammonium hydroxide and tannic acid from oxalic acid (cf. Schoeller and Powell, 
Analyst, 1925, 50, 485; Schoeller, ibid., 1932, 57, 750). 


EXPERIMENTAL. 


Solutions of K tantalate were prepared from tantalate melts after fusing Ta,O, with KOH. 
A typical hydrogen electrode py curve and a corresponding conductometric curve are given in 
Fig. 1 for titration with HCl, some of 
the data of which are recorded in 
Table I. Col. 1 shows the vol. of HCl 
added. Col. 3 gives «pz, the obs. sp. 
conductivities at 25°, and col. 4 the py 
values at 18° of the resulting solutions. 
From kops,, the conductivity due to the 
KCl formed at different titres has been 
subtracted, giving the curve marked 
KrK,0,Ta,0,- Further, the pq data have 
been used to calculate the concns. of 
free KOH and the sp. conductivities 
due to this have been subtracted from 
KrK,0, Ta,0, iving «, (col. 5), the corre- 
sponding curve, marked x;zx,0, Ta,0, — 
KKOH(byar,.) Tepresenting the actual con- 
ductivity of the K tantalate in solution. 
By subtraction of the conductivity due 
to the K ions (the ionisation of the 
complex tantalate being assumed to be 
complete as far as these ions are con- 
cerned), x, (col. 6) is found, this being 
the contribution of the tantalate ion 
to the conductivity (curve marked 
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KTantalate anion): 
The variations in pg and «x were 


also observed when K tantalate solu- 
tions were treated with KOH. There 
4 6 70 was no evidence of the formation of 
0:195N-HCl, cc. K,Ta;O,.¢, as suggested by Jander and 
Schulz, nor of K,TaO, or K,Ta,O,. 
As shown in the above table, K tantalate is strongly hydrolysed. Jander and Schulz found 
that 0-1N-K,Ta,O,,. was hydrolysed to about 10%, yet they determined the equiv. conductivity 
of N/32- and N/1024-solutions in order to apply the Ostwald—Walden rule, and concluded 
therefrom that tantalic acid was at least sexabasic. The py, data of the titration curve of 
4K,0,3Ta,O,, obtained by Pierce and Yntema, point to considerably less hydrolysis than was 
found by us or by Jander and Schulz. Incidentally, their curve suggests that the p, during 
the greater part of the reaction with HCl was below 7, whereas Fig. 1 indicates much higher 
values. 

Comparison with the K niobate curve (Part VIII; J., 1932, 2265) shows that the action of 
HCl on this salt is very similar. There is, however, one important difference in the pptn. of 
Ta,O, and Nb,O,;. Whereas in the titration of the niobate solutions, a turbid unfilterable 
suspension was first formed which flocculated sharply at the end-point of the reaction, with the 
tantalate solutions the majority of the ppt. was immediately flocculated and could be filtered 
off, leaving only a very small suspension in the filtrate. Moreover, whilst niobate solutions 
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TABLE I. 


Conductometric and hydrogen-electrode titrations of 100 c.c. of a solution of 
0-00663M-K,O and 0-00494M-Ta,O, with 0-195N-HCI, at 25° and 18° 
respectively. 
K,O/Ta,O,. Kovs. X 103. pu. K, X 10%. K, X 104, Hydrolysis, %. 
1°34 2-082 11°63 1229 5°74 23°8 

1°926 11°44 1°055 4°60 20-0 
1:773 11°23 0°905 3°88 
1-693 11°06 0°807 3°22 10° 
1°641 10°83 0°722 2°77 
1°599 10°56 0°616 2°19 
1:570 10°14 0°508 1°53 
1°574 9°65 0°408 1-22 
1-590 9-04 0°306 0°85 
1°623 8°66 0-220 0°59 
1°650 8°28 0°128 0°39 
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underwent little pptn. in the first half of the titration, weighing showed that the Ta,O, was 
being pptd. at a uniform rate throughout the titration. 

The broken curve at the top of Fig; 1 indicates the pg values of the solution in which the 
totally pptd. tantalic acid was suspended on back-titration with KOH. It indicates that a 
small amount of interaction occurs between KOH and freshly pptd. Ta,O,. As in the pptn. of 
Nb,O,, the addition of acid beyond the amount theoretically required to ppt. Ta,O,; gave 
conductivities and py values which could be accounted for satisfactorily on the assumption that 
free HCl was present. 

A comparison of the py curves of K niobate and tantalate reveals that the first part of both 
titrations consists of the neutralisation of free alkali, but that the second part of the titration 
of the tantalate gives py values about 2-5 units higher than the corresponding values for the 
niobate. Taken in conjunction with the fact that Ta,O, can be pptd. from alk. solutions of 
by 11-6, whereas Nb,O, only suffers appreciable pptn. when the pg has been lowered to about 
8-0, these py curves throw some light on the separation of Nb from Ta by passing CO, through 
the alk. solutions (Weiss and Landecker, Z. anorg. Chem., 1909, 64, 65; Foote and Langley, 
Chem. News, 1911, 108, 103; Hauser and Lewite, Z. angew. Chem., 1912, 25, 100), for much 
bicarbonate is formed and therefore the py is somewhat higher than 8-4. The tantalate solutions 
on treatment with HCl did not reach this value until nearly all the Ta,O, had been pptd. 

A series of hydrogen-electrode titrations of (a) 100 c.c. of K niobate, 0-0137M-K and 
0-01015M-Nb, (b) 100 c.c. of K tantalate, 0-0133M-K and 0-00988M-Ta, were performed with 
approx. N/10-solutions of the following acids: monochloroacetic, formic, lactic, acetic, oxalic, 
tartaric, malic, and citric. In all cases, the variations in pg during the reactions 


4K,0,3Nb,0,(Ta,O;) + SHX —> 8KX + 4H,O + 3Nb,0,(Ta,0,) 


were the same as those set up when HCl was used (Part VIII, Fig. 1; this paper, Fig. 1). Both 
formic and monochloroacetic acids caused immediate pptn. which became complete as soon as the 
theo. amounts of acid had been added. This was also the case when acetic and phenylacetic 
acids acted upon K tantalate solutions, and the pg values set up when excesses of these acids 
had been added revealed that the tantalate had been completely decomposed. Pptn. of Nb,O,; 
did not begin from K niobate solutions with acetic and phenylacetic acids until a few c.c. in 
excess had been added—the solutions remaining perfectly clear during the decomp. of the 
niobate. The buffered yg curves corresponding to excess of these acids indicated that a small 
proportion of the KOH of the niobate had not been converted into KOAc and that the comp. 
of the K niobate remaining in solution after the stoicheiometric amounts of AcOH and 
CH,Ph-CO,H had been added were respectively 0-36K,0,Nb,0, and 0-:20K,0,Nb,0;. Con- 
ductometric titrations led to similar conclusions. 

Neither (CO,H), nor the hydroxy-acids caused any pptn. from the niobate or tantalate 
solutions. As stated above, the initial sections of pg curves were identical with the respective 
HCl curves. By assuming that each of these acids first reacted in accordance with the above 
equation and that the subsequent sections of the curves correspond to the addition of excess of 
the various acids, calculations have been made to see if the py values would give rise to pg values 
characteristic of the respective acids. Lactic acid does not appear to have formed complex 
lacto-niobic or -tantalic acids, for not only did the inflexions corresponding to the end-point of 
the reaction occur at exactly the correct titres, but the subsequent pg values were those set up 
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by the K lactate and lactic acid. This is remarkable in view of the fact that the solutions re- 
mained optically clear. Oxalic acid also retained both Nb,O, and Ta,O, in clear solution. The 
Py values corresponding to the excess of the acid in which buffering might have been controlled 
by the K, of (CO,H), led to pg = 4-56 in the niobate titration and pg = 4-75 in the tantalate, 
both values being appreciably higher than the pg, of (CO,H),, viz., 4-0. Further excess of 
(CO,H), yielded pq values such as would be caused by the normal dissociation of (CO,H), in its 
first stage. Similar observations were made with tartaric and malic acids, but the discrepancies 
between the calculated and the actual px, values were not so marked. 

The foregoing observations reveal that complex formation between organic acids and the 
earths, Nb,O, and Ta,O,, inasmuch as the acids are able to hold these relatively insol. oxides 
in clear solution, is not confined solely to hydroxy-acids, for acetic, phenylacetic, and oxalic 
acids also possess such a property in various degrees. Itis just possible that the magnitude of the 
dissociation const. may in some way be involved. 

Oxalic Acid Solutions of Niobic and Tantalic Oxides.—In order to render Nb,O, sol. in H,O, 
it was necessary to form K niobate by fusing the pure oxide with K,CO,, extracting the melt 
with H,O, and pptg. with HCl, impurities being removed by washing with hot H,O. Curve I 
in Fig. 2 shows the variations in p, when 100 c.c. of a solution of 0-3 g. of (CO,H).,2H,O and 

Fic. 2 0-1 g. of Nb,O, (i.e., 0-02381M-H,C,O, and 
: 0-00751M-Nb) were titrated with 0-1915N- 
NaOH. The lower curve in Fig. 2 is the corre- 
sponding fg curve of 100 c.c. of 0-02381/1- 
H,C,O, titrated with 0-1915N-NaOH. Com- 
parison reveals that the py values set up 
during the neutralisation of the first equiv. of 
the acid in both solutions were identical; those 
during the neutralisation of the next equiv. 
were, however, very different, the presence of 
the Nb,O, causing much higher py values to 
be established. 

The fact that the final inflexion of curve I 
appears 2-5c.c. later than in the (CO,H), curve 
is not to be attributed to complex formation, 
for it will be seen from the curves given in 

0 620 Part VIII (loc. cit.), showing the effect of alkali 

0-1915N-NaOH, c.c. on Nb,O 5» that a certain amount of alkali 

reacts with Nb,O, in the region of pg 5—6. 

Curve II is that of a back-titration of the Nb,O,—(CO,H), solution with 0-1915N-HCl. This 

curve almost duplicates the (CO,H), curve, and thus it would appear that the complex had 

suffered decomp. in spite of the fact that the HCl added was insufficient to cause pptn. of 

the Nb,O;. The slightly higher p, values during the final stage of the titration are due solely 

to the increased dilution. Curve III is that of a titration of the resulting solution—the HCl 

added being equiv. to the NaOH in the first titration—with 0-1915N-NaOH. It is significant 

fe - Pu values should have again been produced during the addition of the second equiv. 
of NaOH. 

The ratio Nb,O,;/(CO,H), in the above solution was 1/6-34. It corresponds very nearly to 
the max. amount of Nb,O, that can be dissolved in an oxalic acid solution of the concn. used. 
Titrations of solutions containing smaller amounts of Nb,O, yielded curves that were identical 
with the parent acid curve during the neutralisation of the first equiv., but the higher py values 
during the second stage were largely confined to the portion immediately before the solution 
became alk., the magnitude of this section depending on the amount of Nb,O, present. 

A similar py titration of a (CO,H), solution of Ta,O, was made, but, probably owing to the 
relatively small solubility of that oxide in the acid, the amount dissolved was such as to have 
no perceptible effect on the pg values set up throughout the whole neutralisation. The Ta,O,; 
was first fused with K,CO,, pptd. with HCl, and washed. To dissolve 0-3 g. of Ta,O,;, a solution 
containing no less than 9 g. of (CO,H),,2H,O was necessary. The solution titrated contained 
0-015 g. of Ta,O, and 0-45 g. of (CO,H),,2H,O, i.e., 52-6 mols. of acid to 1 mol. of Ta,O;. Addi- 
tion of NaOH did not cause pptn. 

Russ (Joc. cit.) found that evaporation of complex alkali niobioxalate solutions yielded salts 
of the formula Nb,O,,3R,0,6C,0,,+H,O where R = NH,, Na, K, Rb. Conductivity measure- 
ments of solutions of these salts at dilutions of 16—2048 1./mol. showed, except in the very dil. 
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solutions, that A was but very slightly less than that of the corresponding solutions of the 
respective hydrogen oxalate. Application of Ostwald basicity rule led to values ranging from 
48-9 to 53-3, and this led Russ to represent the constitution of his salt in solution as 
R,Nb,O,(C,0,),. Curve I in Fig. 2 shows that the complexity of the niobioxalic acid solutions 
is connected with the second stage of dissociation of (CO,H),. It has already been shown 
(p. 421) that the weakness of acetic and phenylacetic acids may be responsible for the delay of 
pptn. when alkali niobate solutions are subjected to their attack. It appears likely that the 
weakness of the second ionisation of (CO,H), may be responsible for the complex formation 
which that acid promotes, though it must not be overlooked that H-CO,H, which is but slightly 
stronger, shows no tendency to form complex solutions with Nb,O;. MRuss’s salt might be 
considered as Nb,O,;,6RHC,O,. The solute present at the mid-point of the titration (curve I) 
is comparable, as it corresponds to the formation of Nb,O;,6-34NaHC,O,. The difference 
between the py of the solution at this point and that at the mid-point of the (CO,H), titration 
explains why the complex Nb solutions have a smaller A than the corresponding alkali hydrogen 
oxalate solutions. Although towards strong acids, Nb,O, exhibits scarcely any basic tendencies, 
it would appear from the titration curve that H ions originating from HC,O,’ ions had 
reacted with Nb(OH),, thus 
(OH), — 


xH’ + xHC,O,’ + Nb(OH), —= xH* + | Nb 7 |". +H,O 
(C204)z 


Excluding the possibility of covalent linkages, such a combination would seem possible only 
if the complex so formed were unable to ionise. In view of the very small solubility of Nb,O, 
in strong acids, it appears that its dissolution in (CO,H), is more probably of a colloidal nature, 
in spite of the fact that the solutions are optically clear. The formation of Russ’s salt could 
then be accounted for by 


3KHC,O, + Nb(OH), == 3K + | Nico} +. 3H,0. 
(C204)s 


This equilibrium would also explain the smaller conductivity of the niobioxalates, and also 
why the equiv. conductivities of the niobioxalates and hydrogen oxalates are of similar magni- 
tude. It also affords an explanation of the higher fg values prevailing in Curve I. The nio- 
bioxalate complex in entering into hydrolytic equilibrium with H,O, 


(OH);_2 |” TT ‘ 

[ Nbiccon. | a alia [bic, + ape ae 
liberates H* ions, which, as the alkali is added, become replaced and so, in disturbing the equili- 
brium, ultimately bring about the decomp. of complex oxalate. As already stated, no pptn. 
occurred. The lower py values recorded in Curve II suggest that the more active acid, HCl, 
prevented the complete re-formation of the complex oxalate until the (CO,H), had been released. 
Whatever may be the true explanation of the complex niobium-oxalate formation, Fig. 2 shows 
definitely that Russ’s conclusions from conductivity data cannot be valid. The explanation 
given above is not without objections, but it is probably the only one that will fit the electro- 
metric data; the true explanation will not be forthcoming until we have greater knowledge of 
solutions that are intermediate between true and obviously colloidal solutions. The fact that 
both solutions can be pptd. in the presence of tannin and an electrolyte (vide infra) by the 
addition of NH, aq. seems to indicate that they are colloidal. 

Note on Powell and Schoeller’s Method of separating Tantalum from Niobium.—Powell and 
Schoeller (/occ. cit.) have devised a method by which Ta,O, may be separated from Nb,O, by 
the careful addition of NH, aq. toa boiling solution of the oxides in a mixture of (NH,),C,O, 
and (CO,H), containing sufficient tannin, coagulation of the Ta,O,-tannin complex being 
assisted by means of NH,Cl. The foregoing work shows that in order to dissolve Ta,O; a 
relatively large proportion of (CO,H), is necessary compared with that required for Nb,O;. In 
the cold, it is possible to neutralise the Nb and Ta—(CO,H), solutions containing tannin with 
NaOH without the appearance of a ppt. The broken curve IV refers to a titration similar to 
that represented by Curve I, with the exception that the solution contained 0-25 g. of tannin 
per 100 c.c. Curve V is that of the back-titration with HCl] at 18°. No ppts. were obtained. 
The extra alkali required is due to the tannic acid. Similar titrations of Ta—(CO,H), solutions 
gave no ppt. In the presence of NH,Cl, however, both Nb,O, and Ta,O,-tannin adsorption 
complexes were pptd. Powell and Schoeller emphasise the necessity of fractional pptn., 
evidently because the py at which Ta is pptd. is very close to that at which Nb begins to separate. 
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A series of pq titrations with NH,OH of (CO,H),-NH,Cl-tannin solutions containing either 
Nb,O, or Ta,O, have been carried out at 18°. The same solutions were titrated with NH,OH at 
100°, and the ~, values at which pptn. occurs were very similar and depended largely on the 
ratio of the particular ‘‘ earth ” to (CO,H), : in a typical titration, at 18°, of 100 c.c. of a solution 
containing 0-3 g. of (CO,H),, 0-03 g. of Nb,O;, 5 g. of NH,Cl, and 0-2 g. of tannin with 0-233N- 
NH,OH, cloudiness appeared at pq 1-75 and coagulation at pq 4-4, whereas at 100° pptn. was 
delayed until ~, 3-0. By trebling the amount of Nb,O,, pptn. on boiling began at pq 2-2. 
From 100 c.c. of a solution containing 0-45 g. of (CO,H),, 0-015 g. of Ta,O;, 5 g. of NH,Cl, and 
0-2 g. of tannin, pptn. begins with 0-233N-NH,OH at pq 3-2 at 18°, but on boiling it occurs 
earlier—at pq 2-1. It would appear, therefore, that the success of the method lies in the 
amount of NH, that can be added in bringing about the pptn. of Ta,O, without pptg. Nb,O,, 
i.e., without increasing the pg appreciably. As Powell and Schoeller state, a more satisfactory 
separation can be effected if the amount of Ta,O, present is high. In this case H,SO, and a 
considerably larger amount of (NH,),C,O, are necessary, and this enables greater amounts of 
NH, to be added without materially affecting the pg. The control of [H’] is thus of no service 
in performing the separation. We have found the separation of Ta from Nb to be extremely 
difficult, requiring considerable experience and skill before accurate results can be obtained. 
It seems that the only method of controlling the separation is, as stated by Schoeller, the 
difference in the colours of the pptd. adsorption complexes. 


The authors thank the Department of Scientific and Industrial Research for a personal 
grant. 
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110. The Kinetics of the Addition of Iodine to B-Phenylpropiolic Acid. 
By E. A. MoELwyn-HuauEs and A. R. LEGARD. 


RECENT inquiries (Chem. Rev., 1932, 10, 241; Phil. Mag., 1932, 14, 112) have revealed the 
existence of a fairly large number of bimolecular reactions in solution possessing velocities 
equal to those predicted by the collision theory in its simple form. With the exception 
of the conversion of ammonium cyanate into urea, the saponification of phthalide, and a 
few other cases, most of these reactions belong to two groups of chemical changes: (1) 
RX + R’ONa —> R-OR’ + NaX, where X is a halogen atom, and R and R’ are alkyl 
or aryl groups; (2) CHRX-CO,H + Y~ —» CHRY-CO,H + X~, where Y~ is a halide 
or hydroxyl ion. These reactions are thus somewhat limited in type, and it is 
desirable to investigate kinetically new examples of bimolecular reactions of a totally 
different character. The kinetics of the formation of «$-di-iodocinnamic acid from 
6-phenylpropiolic acid have therefore been studied in aqueous solution : CPh:C-CO,H + I, 
—> CPhI‘CI-CO,H. Under ordinary conditions, only one molecule of iodine is added on, 
the reaction being bimolecular in the presence of potassium iodide (James and Sudborough, 
J., 1907, 91, 1037). 
EXPERIMENTAL. 


Bimoleculay Nature of the Reaction.—In order to avoid complications arising from the 
variable extents of dissociation of phenylpropiolic acid, solutions of the Na salt have been 
consistently used. Expts. were carried out with equimol. solutions of this salt and I in the 
presence of a four-fold concn. of KI; the reaction was followed by titrating the total I against 
standard Na,S,O;, with starch as indicator. Examples of bimol. consts. calculated from either 


of the equations 
vr — che : { a. } 
aa—x t2—t, |@—%, a-—**, 


are given in Table I, the units of & being 1./g.-mol.-sec. The bimol. character of the reaction 
has been confirmed at temps. ranging from 15° to 60° and at initial concns. differing by a factor 
of 200. Concns. exceeding 0-1M and temps. greater than 60° were avoided because addition 
of a second mol. of I tends to take place under these conditions. 
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TABLE I. 


Initial concn. = 0°025M. Initial concn. = 0°05M. Initial concn. = 0°0942M. 
Temp., 24°8°. Temp., 59°8°. Temp., 40°3°. 
t, min. Titre. k x 108. t, min. Titre. k x 102, t, min. Titre. k x 10%. 
0 25°09 25°18 27°80 
114 21°30 ‘ 22°15 , 21-80 4°54 
273 ° ° 19°85 ‘ 18°70 4°41 
405 x ° 17°20 “ ¥ 15°62 4°38 
662 ° 0! 16°50 ° 13°15 4°40 
1388 : ° 13°60 , , 11°32 4°23 
1780 , ° 11°60 ° 9°99 4°31 
2790 : ° 9°75 1-51 
8°10 1-50 
Mean k = 1°04 x 10-3. Mean k = 1°49 x 107, Mean k = 4°38 x 10-3. 


The Influence of Dilution upon the Velocity Constant at 24-8°.—Expts. at 24-8°, with equimol. 
concns. of the reactants and 4 mols. of KI, showed that the velocity is influenced in an unusual 
way by changing the initial concn. (see Table II, and Fig. 1). At ordinary concns., the bimol. 


Fic. 1. Fic. 2. 
Influence of concentration. Influence of temperature. 

















const. is but little affected by the dilution, but when this exceeds 400 1./g.-mol., the velocity 
const. increases very rapidly as the initial concn. diminishes. 


TABLE II. 
Initial concn. x 104 75 ©6110 25 50 100 250 500 945 
12°4 9°75 8°90 9°08 9°45 10°4 11°4 12°6 
The Influence of Temperature upon the Velocity Constant.—The effect of temp. on the bimol. 
const. at various dilutions is summarised in Table III, and in part in Fig. 2. 


TABLE III. 
k x 104 


Temp. ‘Obs. Calc. Obs. Calc. Obs. Calc. 
15°2° 4:07 4°04 4:19 4:34 4:74 4°95 
24°8 9°45 9°48 10°4 10°2 11-4 11°3 
40°3 33°4 33°6 36°3 36°1 37°8 37°5 
50°1 72°2 71°9 74°9 75°5 79°2 771 
59°8 149 156 158 152 149 149 

Initial concn. 0-010 0°025 0°050 


E (cals./g.-mol.) 15,220 15,170 14,500 14,500 





The Arrhenius equation is accurately obeyed, the critical increment having a slightly lower 
value in the more conc. solutions. 


Ionic Concentrations at 24-8°.—In order to interpret the kinetic measurements relating 


to solutions of varying compositions, it is necessary to know the exact concentrations of 
FF 
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all molecular species at the beginning of the reaction. These can be found from the values 
of the equilibrium constants of the reactions : 

I> == 1,4+1; Ky=(hI0VIs]. - - - - - @) 
and I, + HO == H+ +1-+HI0; K,=[H*)I-JAIO)/I,). . -. (2) 
Application of the data of Jones and Kaplan (J. Amer. Chem. Soc., 1928, 50, 1845), Bray 
(ibid., 1910, 32, 914), and Jones (7bid., 1915, 87, 24) gives K, at 24: 8° = 1-405 x 10°3, and 
K, = 2-95 x 1078, Since in our experiments the concentration (c) of total iodine was 
one-fourth of that (4c) of total potassium iodide, it follows that 


[1,7] = #[5c + K, — V (5c + K,)?—16c?7] . . . . . (8) 

lg Ee | Ss ee ee 

(I,J =c—[Ig5]) -.-.-.-.--. tow Se ee 
The concentration of hypoiodous acid being small in comparison with these, we may 
write, from equation (2), 





[HOI] = VKJI.JfI-]........ @& 

The values determined in this way for the initial concentrations corresponding to the 
experiments summarised in Table III are given in Table IV, [A~] representing that of the 
8-phenylpropiolate ion. It must be pointed out that the calculation of [HOI] by equation 
(6) ignores the dissociation of water; hence, since the natural hydrogen-ion concentration 
is commensurate with and in some cases exceeds [HOI], the figures given in the last 
column of Table IV are liable to serious error. They are subsequently employed, how- 
ever, in dealing with the kinetics of the reaction in highly dilute solution where the 
experimental method is capable of yielding results which can only claim to be of a 
qualitative kind. Under the conditions which have been employed, the calculated value 
of [HOT] is subject to a maximum error of about 25%. Equation (13) is also approximate, 
but the error involved is not serious. 


TABLE IV. 
[A-] x Oe, x [1,] x [I-] x [HOI])x [A-] x [Is-] x [1,] x [1-] x [HOI]x 
10*. 10¢. 104. 108. 104. 104. 104. 10¢. 108. 


5 re 75-225 «(T2196 50 45°75 425 1540 841 
75 482 268 25-2 17°7 100 95°6 4:40 304 6°10 
10 702 = 298 = 33-0 16°3 250 245 4:60 755 3°94 

25 21-2 3°80 = 78°8 11-2 500 495 500 1505 2°86 

The Mechanism of Reaction in the Region of Moderate Concentration.—The velocity of 
reaction is directly proportional to the total concentration of iodine (p. 424). The figures 
in Table IV indicate that at concentrations exceeding 5 x 10° g.-mol./l. more than 90% 
of the total iodine is present in the form of I,;~. The fact that bimolecular velocity 
constants are found from estimations of the total titratable iodine suggests that the 
measurable reaction is that occurring between the phenylpropiolate and the tri-iodide 
ion. In principle, the iodine molecules also may react, but this is improbable for the 
following reasons: analysis of the experimental results based on this supposition leads 
to bimolecular constants which alter much more rapidly with the concentration than can 
be accounted for by the usual electrolytic effect; furthermore, unpublished observations 
made in this laboratory by Mr. E. J. Bowen (to whom we are indebted for drawing our 
attention to this reaction) prove that molecular iodine does not attach itself to phenyl- 
propiolic acid in carbon tetrachloride solution. There is much other evidence to show 
that molecular halogens are not effective in thermal addition reactions of this type. The 
kinetics of the reaction may thus be formulated on the supposition that the change is 
entirely ionic: CPhiC-CO,~ + I,5~ —> CPhI°CI-CO,- +I-. Denoting by a and c the 
total concentrations of phenylpropiolate ions and iodine respectively, we have : 

rate = ky. ca 

and rate = k,[I,~ Ja . 
From equation (1), (15~] = e{I-]/(K, + [17] 
hence, Rows, = k[1-]/(K, + (17) 





OC wAtmresetea.0 Os = ibd 
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The exact expression for the true bimolecular constant k,, obtained by combining equations 
(8) and (3) and integrating, would be very complicated and would show the dependence 
of k upon [I~] during the course of any given experiment. The fact, however, that the 
observed bimolecular coefficient is constant removes the necessity for this, and is no 
doubt due to the relatively small variations in [I,] shown by the data in Table IV. That 
the influence of the iodide concentration is very small is clearly seen from the form of 
the curve in Fig. 1. If the very simple mechanism proposed is the correct one, Robs, 
should increase to a limiting value with addition of potassium iodide, and the quantity 
Robs.{1 + K,/[I-]}} should be constant at all dilutions; Fig. 1 amply illustrates the 
first conclusion. The extent to which the second condition is fulfilled is shown in Table 
V, the iodide concentrations being the mean of the initial and the final value for each 
experiment. 


TABLE V. 
50 100 250 500 
9-08 9°45 10°4 11°4 
{{I-] + K}/(1-] . 1-079 1-040 1-016 1-008 
kove{1 + K,/{I-]} x ° 0°98 0:98 1-06 1°15 


The values in the last line, although varying slightly, change less than the uncorrected 
values, and alter by no more than 5% over a ten-fold change in the initial concentration. 
This holds at the other temperatures, k, at 40-3° being 3-71 x 10°. It has not been 
possible to allow for the variation of K, with the ionic strength. 

The Molecular Statistics of the Reaction between Tri-iodide and Phenylpropiolate Ions.— 
The energy of activation for this reaction is found from the corrected constants (k,) at 
various temperatures to be 15,500 cals. The theoretical expression for the bimolecular 


velocity constant is 


_— No 2 Gr a le -EIRT 
k= yytyou {sexr u, + m)} - a 


Taking o,,=5 x 10° cm., T = 297-8°, Ny = 6-06 x 10%, M,=145, M, = 381, 
and E = 15,500 cals., we have kgy.g- = 4:50 x 107 1./g.-mol./sec., which is 450 times 
greater than the observed velocity constants (see Table V). 

The assumptions upon which equation (10) is based are that reaction occurs whenever 
the ions collide with sufficient violence, and that the total number of collisions is given 
by the gas formula. Now the low efficiency of activating collisions between tri-iodide 
and phenylpropiolate ions which is suggested by the factor 1/450 may be apparent only, 
due to the necessity for ternary collisions, involving these ions and a molecule of water. 
The frequency of encounters in which molecules of solvent take part decreases with a 
rise in temperature, a circumstance which necessitates a correction in the critical 
increment. The supposition may be tested provided that the number of ternary collisions 
can be calculated. The exact equation is not known, but a sufficiently close approxim- 
ation to it may be obtained in the following manner, by considering in the first instance 
the total number of collisions occurring per second between water molecules and solute 
ions of one kind (mass = m,, diameter = o,, concentration = m, mols. per c.c.). This 
is related to the viscosity (y) of the solvent by the expression (see J., 1932, 95) : 


Za,w = 3ro,n,/2m,. 


The chance that an ion of the second kind (B) shall take part in such a collision is 
approximately vg/(v, + vg + vw), where v is the actual volume of each molecular species 
per C.c., Uw being that of water. In dilute solution, this reduces to vg/vw, or, neglecting 
the differences in the diameters, to 7,/nw, np and mw being the number of ions of B and of 
molecules of water respectively in 1 c.c. The frequency of ternary collisions is therefore 
given approximately by the equation 


Za,3,w = 3rqonNp/2mnw . . . « ~~ - «+ (Ld) 
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If this is combined with the expression for the bimolecular constant (in g.-mol./l.) (Phil. 
Mag., 1932, 14, 112), the theoretical value of & is 


_ No ' 3m 
~ 1000 2m,nwy 





k 


le te 


The corrected energy of activation (E£’), found by plotting log k,,./4 against 1/T, becomes 
19,200 cals. At 24-8°, with y» = 9-0 x 10° g./cm.-sec., o = 5 x 10% cm., my, = 2°39 x 
10-2 g., and mw = 3-37 x 10”, the calculated value of k becomes 1-16 x 10°%, which is 
in very close agreement with the observed value. 

The Mechanism and Molecular Statistics of the Reaction in the Region of High Dilution. 
Over the complete range of concentration which has been examined (0-0005—0-1M), 
the reaction retains its bimolecular character. When c exceeds 0-0025M, the velocity 
alters but little with the initial concentrations, but below this limit, k,,,. increases rapidly 
with the dilution. So also does the concentration of hypoiodous acid (see Table IV), and 
it was therefore suspected that these two facts were related. On examination, the hypo- 
thesis that reaction follows a collision between a hypoiodous acid molecule and a £-phenyl- 
propiolate ion accounted for all the phenomena. 

The observed bimolecular constant (k) corresponding to an initial concentration of 
8-75 x 10 g.-mol./l. was found to be 1-11 x 10-3 (see Fig. 1). The contribution due to 
the tri-iodide reaction is 8-9 x 10, hence the component of the velocity due to HOI 
is 2-2 x 10%. The concentration of HOI in these circumstances [equation (6) and 
Table IV] is 1-74 x 10°’, so the bimolecular constant in terms of hypoiodous acid and 
phenylpropiolate ions is 


ky = 2-2 x 10% x 8-75 x 10*/1-74 x 107 = 1-11. 


If the explanation offered is correct, the velocity of the reaction in absence of potassium 
iodide should be much greater than in its presence. This has been found to be the case. 
In water at 24-8°, the bimolecular constant relating to an initial concentration of iodine 
and propiolate of 0-0005 is 1-30 x 10°. The concentration of hypoiodous acid under 
these conditions is given approximately by the relation 


[HOI]= 7KJfIl,] . . ..... . (18) 


Since K, = 2-95 x 10° and [I,] = 5-0 x 10*, [HOI] = 5-28 x 10°. The velocity of 
reaction being ascribed entirely to hypoiodous acid, the bimolecular constant becomes 
k, = 1:30 x 10% x 5 x 10*/5-28 x 10° = 1-23, which is in fair agreement with that 
found for the results obtained in the presence of potassium iodide. Similar results referring 
to another temperature are given below. It is seen that at both temperatures, &, is reason- 
ably constant over a forty-fold range in the initial concentration of hypoiodous acid. 


Total [HOI] x Total [HOI] x 

Temp. [KI] x 10%. 108, hp. Temp. [KI] x 10%. — 108. he. 

24°8° 0 5-28 1-23 | Mean 40°3° 0 9-83 5-60 \ena 
3°50 0-163) = LLL 1-17 a 5-00 0247 601S 5-81 


These data may be summarised in the form k, = 1-35 x 10%. ¢-1910027, (Comparison 
with the theoretical velocity given by equation (10) shows that the reaction between the 
organic ion and hypoiodous acid is highly efficient, in that at least 100 molecules are 
transformed for every activating collision. How far this can be taken as evidence that a 
chain mechanism is at work is doubtful, for the values of K, are not very precise, and 
equations (6) and (13) are both approximations. 

Halogens in solution frequently react in the more reactive form of the hypohalous 
acid; such is definitely the case, e¢.g., in the reaction between the halogens and oxalic acid 
(Griffith and McKeown, Trans. Faraday Soc., 1932, 28, 757), arsenious acid, and hydrogen 
peroxide in aqueous solution (Bray, Chem. Rev., 1932, 10, 161), and probably also with 
bromine and cinnamic acid in ethyl-alcoholic solution (Williams, J., 1932, 979). 





The Vapour Pressure of trans-Di-todoethylene. 429 


The general equation for the velocity of the addition of iodine to phenylpropiolic acid 
in aqueous solution takes the form 
— d{I,]/dt = k,[A][1s~] + &.[A][HOT] 


a{I,}_ 1 [12] 


k 3 
or at [A] =~ K, Mell I+ fy. Seay “2a See (14) 


This accounts for all the known facts, including a minimum velocity dependent upon the 
concentration of iodide ion, but mathematical difficulties are too great to allow us to 
calculate the position of the minimum point. 

There are two remaining facts which are not completely understood. By extrapolating 
the nearly horizontal portion of the curve in Fig. 1 to infinite dilution, and plotting 
log Rops./k.. against the square root of the ionic strength, the slope of the resulting curve 
corresponds more closely to that of a reaction of zero ionic type than to one between two 
electrically charged molecules. 

The addition of hydrogen ion to solutions in the very dilute range of concentrations 
diminishes the rate, but not to the same extent as does the addition of iodide ion. The 
difference in the two effects is noteworthy, but is no doubt due in part to the subsidiary 
effect produced by hydrogen ion upon the dissociation of phenylpropiolic acid. 

By selecting a concentration (viz., 0-01), where the reaction due to hypoiodous acid is 
negligible, it has been found that the reactivity of the undissociated phenylpropiolic acid, 
HA, is lower than that of its anion, A~; ¢.g., at 40-3°, with [A~] = 0-01, k,,. = 3-34 x 
10°; with [HA] + [A7] = 0-01, &,4., = 2°49 x 10°; the addition of 0-0344M-H* further 
reduces the velocity to 1-64 x 10°. As, however, the temperature coefficient of the 
dissociation constant of phenylpropiolic acid is not known, this aspect of the problem has 
not been pursued beyond the qualitative stage. 


SUMMARY. 


The kinetics of the addition of iodine to 6-phenylpropiolic acid in aqueous solution have 
been investigated at five temperatures, and at dilutions ranging from 10 to 2000 litres. 

At moderate concentrations, the reaction appears to occur entirely between the tri- 
iodide ion and the organic ion. Only one in 450 of the binary collisions results in chemical 
change, but the assumption that ternary collisions involving water molecules are necessary 
leads to agreement between theoretical and experimental velocities. 

At concentrations below 2-5 x 10M, the reaction is apparently initiated by collisions 
between molecules of hypoiodous acid and phenylpropiolate ions, each activating collision 
now resulting in the transformation of over 100 organic molecules. 


We thank Mr. C. N. Hinshelwood, F.R.S., for his criticism and guidance. We are indebted 
also to the Royal Society, to Imperial Chemical Industries, Limited, and to the Royal Com- 
missioners for the Exhibition of 1851. 
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111. The Vapour Pressure of trans-Di-iodoethylene. 
By L. F. Broapway and RONALD G. J. FRASER. 


In connexion with certain experiments on molecular scattering in gases (Fraser and 
Broadway, Proc. Roy. Soc., in the press), we found it necessary to determine the variation 
of the vapour pressure of ¢vans-di-iodoethylene with temperature, over a pressure range 
of approximately 10° mm. to 107% mm. For this purpose, the method of molecular 
effusion, initiated by Knudsen (Ann. Physik, 1909, 29, 179; see also Fraser, ‘‘ Molecular 
Rays,” Cambridge, 1931, pp. 195 et seq.), was used, and we have confirmed its ability to 
yield accurate data with ease. 

trans-Di-iodoethylene was prepared according to the method of Chavanne and Vos (Bull. 
Soc. chim. Belg., 1914, 28, 240); it had m. p. 72° (cf. Errera and Lépingle, Bull. Acad. roy. Belg., 
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1925, 11, 150) and sublimed unchanged. Its identity as the ‘vans-isomeride has been estab- 
lished by Errera (Physikal. Z., 1926, 27, 768), who found that it has zero dipole moment. 

The substance was contained in a small, uniformly heated Cu oven, carried inside an 
evacuated glass vessel. The vapour effused through a circular orifice, whose area was small 
compared with the available area of the substance, and was condensed on a large surface cooled 
with liquid air. The time of effusion was long compared with the time required for the oven 
to attain temp. equil. With these precautions, the v. p. could be derived, with an estimated 
accuracy of 2%, from the relation g = pat M /2xRT, where g is the mass (in g.) effusing in time 
t, through the orifice of area a, under a pressure of p dynes/cm.®, the other symbols having their 
usual significance. 

The values found for the v. p. between — 8° and 20° were : 



































BED. sccxizvincinavesssencncenss —8° 18° 14° 19° 20° 
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In the accompanying graph, log,  Pmm, is plotted against 1/T; the points lie within the exptl. 
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error on a straight line, which may be represented over the range investigated by the equation 
logio Pmm, = — 2130/T + 5-86, whence the latent heat of sublimation is 9720 cals./mol. 
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112. Styrylpyrylium Salis. Part XIV. Further Study of the Colour 
Phenomenon associated with Benzonaphtha- and Dinaphtha-spiropyrans. 


By I. M. HerLsron, R. N. HEstop, and F. Irvine. 


It has been previously ascertained (Dickinson and Heilbron, J., 1927, 1699) that benzo-- 
naphthaspivopyrans containing a substituent in the 3’-position fail to form coloured ions on 
heating, and that, further, the same phenomenon is shown by di-$-naphthaspivopyrans 
substituted in both the 3- and the 3’-position. 

An examination has now been made of the effect of a phenyl group in position 4, with 
or without substituents in the 3- and 3’-positions. The general method employed for the 
preparation of these new sfivopyrans consists in converting the appropriate o-hydroxyphenyl 
ketone into the chromone (I, R and R’ = H or Me), from which the pyrylium salt (II) is 
obtained on treatment with phenylmagnesium bromide, followed by decomposition with 
hydrochloric acid. Condensation of (II) with 2-naphthol-l-aldehyde yields the naphtha- 
vinylpyrylium salt, from which the sfivopyran (III) results on hydrolysis. 
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As was anticipated, 7-methoxy-4-phenyl-3-methylbenzo-B-naphthaspiropyran readily gave 
the coloured ionic form on heating in xylene solution, but, contrary to all previous experience, 
the 3’-methyl isomeride also produced a coloured solution with equal ease. That the colour 
production was not due to the influence of the 7-methoxy-group was shown by the fact that 
the unsubstituted 4-phenyl-3'-methylbenzo-8-naphthaspiropyran behaved in an analogous 
manner. Unfortunately, it was found impossible to examine 7-methoxy-4-phenyl-3 : 3’- 
dimethylbenzo-8-naphthaspivopyran, for, although 7-methoxy-3-methyl-2-ethylchromone was 
readily obtained and the Grignard reaction successfully carried out, the resulting pyrylium 
salt (II, R and R’ = Me) failed to condense with 2-naphthol-l-aldehyde. 

In order to study further the effect of a phenyl group in position 4, attempts were made 
to apply the above reactions to ®-naphthachromones, but probably owing to steric 
hindrance, these compounds failed to react satisfactorily with the Grignard reagent. On 
the other hand, «-naphthachromones readily give rise to the hitherto unknown a§-di- 
naphthasfiropyrans. Of these, 4-phenyl, 4-phenyl-3-methyl-, and 4-phenyl-3'-methyl-«B-di- 
naphthaspiropyrans all ionise on heating, the degree of ionisation, as evidenced by the 
intensity of the colour developed, being greater than that observed in the corresponding 
di-8-naphtha-series. A further anomaly has here been met with, however, for 4-phenyl- 
3 : 3’-dimethyl-«8-dinaphthaspiropyran (IV) also readily passes into its coloured ionic form. 
The benzo-a-naphthaspivopyrans appear to react normally in that the 4’-phenyl-3’-methyl 
derivative (V) fails to give coloured solutions in high-boiling inert solvents. 


stat CH, PhCH; 
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The results given above show that the “ chelate’ hypothesis advanced by Dickinson 
and Heilbron (loc. cit.) to account for the colour effects is no longer tenable. As regards 
the function of the 4-phenyl group in assisting ionisation, it would appear as though its 
influence were exerted in such a way as to induce a weakening of the valency bonds of the 
opposite naphthapyran ring. 

Dinaphthaspitopyrans prepared from Cyclic Ketones.—Whereas 3 : 3’-dimethyldi-8- 
naphthaspivopyran (Dickinson and Heilbron, Joc. cit.) fails to give a coloured solution in 
any high-boiling solvent, Dilthey and Wiibken (Ber., 1928, 61, 963) have shown that 
3 : 3’-trimethylenedi-$-naphthaspivopyran (VI) develops a quite perceptible violet colour 
in boiling diphenyl ether, from which these authors deduce that the inhibitive effect of 
3 : 3’-disubstitution is not absolute. 
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In order to study this effect in greater detail we have now ne 3 : 3’-dimethylene- 
(VII) and 3: 3’-tetramethylene-di-8-naphthaspiropyran (VIII) by condensing respectively 
cyclopentanone and cycloheptanone with 2-naphthol-l-aldehyde in presence of hydrogen 
chloride, followed by hydrolysis of the resultant pyrylium salt. Whereas (VII) readily 
develops colour in boiling xylene solution, (VIII) fails entirely to show any colour even in 
boiling diphenyl ether. 

3’-(8-Methyltrimethylene)di-B-naphthaspitopyran, prepared from 2-naphthol-l- 
aldehyde and 4-methylcyclohexanone, like the 3 : 3’-trimethylene derivative (VI), gives no 
colour in boiling xylene but is faintly coloured in boiling diphenyl ether. An attempt was 
also made to prepare the sfivopyran from 2-naphthol-l-aldehyde and 3-methylcyclohexanone 
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but without success. It would appear from the red colour developed that the condensation 
in this case stops when the simple pyrylium salt (IX) is formed, further condensation being 
seemingly inhibited by the proximity of the methyl group to the normally reactive 
methylene. 


H,-CH 
a . CH, 
‘ CH, (IX.) 
(VIII.) . 2 WV H-CH, 
yi ee oo 
Cl 


In the preparation of the above sfiropyrans from cyclic ketones, particular care must 
be taken to purify the naphthavinylpyrylium salts prior to hydrolysis. Crystallisation at 
this stage removes traces of impurities, the presence of which renders the spivopyrans yellow 
in colour and fluorescent in solution. 

Dilthey and Wiibken (loc. cit.) have emphasised the relation between ease of salt 
formation and ionisation, failure to develop colour being associated, according to these 
authors, with the presence of certain substituents which effect a decrease in the basicity of 
the molecule. In this connexion the following table is of interest, but it is difficult to 
understand why there should be any marked variation in the basicity of such structurally 
similar compounds. 


spirvoPyran Colour in cold Colour in trichloro- Colour in boiling 
(3 : 3’-substitution). glacial acetic acid. acetic acid. inert solvents. 


1. Dimethylenedi-8-naphtha- Deep purplish-blue Deep blue Strong blue colour in 
(rapid) xylene 
2. Trimethylenedi-8-naphtha- Pink colour (slow) Deep reddish- Faint colour in di- 
purple phenyl ether 
2a. (8-Methyltrimethylene)di-f- Pink colour similar Deep reddish- Faint colour in di- 
naphtha- to (2) purple phenyl ether 
3. Tetramethylenedi-8f-naphtha- Faint pink (slow) Deep red No colour 


At the present time no satisfactory explanation can be advanced to accommodate the 
whole of the observed facts, and we are now engaged in further studies of the dinaphtha- 
spiropyrans, especially members of the hitherto unknown az«-series and the isomeric series 
derived from 2-hydroxy-3-naphthaldehyde. 

The value of the spivopyran colour reaction as applied by Heilbron and Irving (J., 1929, 
936) to the determination ot the reactive group in ketones of the type Me-CO-CH,R is in no 
way impaired by the anomalies now brought to light. 


EXPERIMENTAL. 


7-Methoxy-2-ethylchromone.—A mixture of 2-hydroxy-4-methoxyacetophenone (23 g.) with 
propionic anhydride (70 g.) and fused sodium propionate (70 g.) was heated under reflux at 
200—210° during 5 hr. The reaction mixture was poured into H,O, and any unchanged 
reactants removed by steam distillation. The crude chromone was isolated by stirring the 
residual tarry solid with Et,O and was crystallised from EtOH, forming colourless needles 
(9 g.), m. p. 141—142° (Found: C, 70-4; H, 5-8. C,,H,,03 requires C, 70-6; H, 5-9%). 

7-Methoxy-4-phenyl-2-ethylbenzopyrylium Chloride.—A conc. ethereal solution of PhMgBr 
(2 mols.) prepared from PhBr (11 g.) was carefully added to a boiling solution of 7-methoxy-2- 
ethylchromone (7 g.) in dry C,H, (70 c.c.), the Et,O being allowed to escape. After heating 
under reflux for 3 hr., the now orange-red solution was cooled with ice and decomposed by the 
careful addition of conc. HCl (35 c.c.). The crude pyrylium salt which separated after standing 
for 12 hr. at 0° was crystallised from CH,O,, separating in bright yellow needles. The ferri- 
chloride crystallised from AcOH in golden-yellow needles, m. p. 110—111° (Found: Fe, 11-9. 
C,,H,,0,Cl,Fe requires Fe, 12-1%). 

7-Methoxy-4-phenyl-3’-methylbenzo-8-naphthaspiropyran.—A suspension of 7-methoxy-4- 
phenyl-2-ethylbenzopyrylium perchlorate (prepared from the chloride above and crystallised 
from AcOH) (2 g.) in Et,O was hydrolysed to the carbinol base by the addition of dil. NH; aq ; 
to the dried ethereal solution, evaporated to 30 c.c., 2-naphthol-1l-aldehyde (1 g.) was added, and 
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the whole saturated with HCl. After standing over-night at 0°, the resulting naphthavinyl- 
pyrylium salt, which separated in red crystals with a green reflex, was hydrolysed in Et,O 
suspension by means of dil. NH, aq., and the crude spiropyran isolated by evaporating the dried 
ethereal extract. The pure compound, obtained after repeated crystn. from acetone, formed 
colourless prisms, m. p. 165—166° to a purple liquid (Found: C, 83-3; H, 5-4. C, 9H,.O; 
requires C, 83-3; H, 5-3%). 

Solutions of this spivopyran in xylene or veratrole readily became purple on heating to the 
boiling point, reversion to the colourless form taking place on cooling. 

Unless other details are given, the other substances described below have been prepared by 
methods similar to those described above for the corresponding compounds. 

2-Ethylchromone, prepared from o-hydroxyacetophenone (Freudenberg and Orthner, Ber., 
1922, 55, 1749: the semicarbazone, not previously described, has m. p. 207°), crystallises from 
EtOH in long colourless needles, m. p. 116° (Found: C, 75-6; H, 5-8. C,,H, 0, requires C, 
75-8; H, 58%). 

4-Phenyl-3’-methylbenzo-B-naphthaspiropyran, prepared from 4-phenyl-2-ethylbenzopyrylium 
perchlorate [fine yellow needles from AcOH, m. p. 207—209° (decomp.)], crystallises from 
acetone in colourless needles, m. p. 153—154° (to a purple liquid). Its solutions in ether, 
xylene or veratrole developed an intense purple colour on heating (Found: C, 86-3; H, 5-2. 
CygHo 0, requires C, 86-6; H, 5:2%). 

2-Hydroxy-4-methoxyphenyl Ethyl Ketone——This compound, which was required for the 
preparation of 7-methoxy-3-methyl-2-ethylchromone, was first described by Nagai (Ber., 1891, 
25, 1288) and is conveniently prepared by the following method. A solution of 2 : 4-dihydroxy- 
phenyl ethyl ketone (30 g.), prepared according to Sonn’s method (Ber., 1921, 54, 773), in MeOH 
(100 c.c.) was treated with Me,SO, (38 g.) and then during 30 min. with conc. NaOH aq. (12 g.), 
the solution being cooled and thoroughly agitated. After 2 hr. H,O was added, the MeOH 
distilled off, and the solution acidified and steam distilled. The distillate was rendered alkaline 
and extracted with Et,O to remove the small amount of dimethyl ether formed in the reaction, 
the required product being obtained on acidifying the alkaline solution, m. p. 58—59° (yield, 
22 g.). 

7-Methoxy-3-methyl-2-ethylchromone crystallises from EtOH aq. in colourless needles, m. p. 
85— 86° (Found: C, 71:3; H, 6-3. C,,;H,,O; requires C, 71-5; H, 6-5%). On treatment with 
PhMgBr it yields 7-methoxy-4-phenyl-3-methyl-2-ethylbenzopyrylium perchlorate, which separates 
from AcOH in golden-yellow leaflets, m. p. 203—205° (decomp.) (Found: C, 60-6; H, 5-5. 
C,9H,,0,Cl requires C, 60-2; H, 5-1%). 

7-Methoxy-4-phenyl-3-methylbenzo-B-naphthaspiropyran was prepared in the usual manner 
starting from 7-methoxy-2 : 3-dimethylchromone (Canter, Curd, and Robertson, J., 1931, 1245). 
The pure compound is obtained after repeated crystn. from acetone—MeOH in colourless crystals, 
m. p. 198—199° (to a purple liquid) (Found: C, 83-2; H, 5-5. CC, 9H,.O, requires C, 83-3; H, 
5-3%). Solutions of this spiropyran in xylene become purple on heating to the boiling point. 

2-Methyl-a-naphthachromone.—This compound has been obtained by Wittig (Annalen, 1926, 
446, 155) by converting 2-aceto-1-naphthol into 2-acetylaceto-l-naphthol by the action of Na 
and EtOAc and then ring-closing the purified intermediate with H,SO,. In repeating this prepn. 
it was found that the diketone was difficult to purify owing to contamination with the chromone 
itself and it was therefore treated directly with conc. H,SO,; the resulting chromone was then 
purified without trouble. 

4-Phenyl-aB-dinaphthaspiropyran was obtained from 2-methyl-a-naphthachromone via 
4-phenyl-2-methyl-a-naphthapyrylium perchlorate, which separates from AcOH in dark green 
crystals, m. p. 197—199° (decomp.). The purified spiropyran crystallises from acetone-MeOH in 
glistening plates, m. p. 193—194° (to a deep purple liquid) (Found: C, 87-7; H, 4-9. 
C;,H.O0, requires C, 87-7; H, 47%). 

2-Ethyl-a-naphthachromone, prepared from 2-aceto-l-naphthol, propionic anhydride, and 
fused PrONa in the usual manner, forms pale yellow needles from EtOH, m. p. 199—200° 
(Found: C, 80-6; H, 5-4. C,;H,,O, requires C, 80-4; H, 54%). With PhMgBr this 
chromone yields 4-phenyl-2-ethyl-«-naphthapyrylium perchlorate, which separates from AcOH 
in dark brown crystals, m. p. 221° (decomp.). 

4-Phenyl-3'-methyl-«8-dinaphthaspiropyran, obtained from the previously mentioned pyrylium 
salt, crystallises from acetone—EtOH in colourless glistening needles, m. p. 188—190° (to a blue 
liquid) (Found : C, 87-9; H, 4-9. C3,H,,O, requires C, 87-7; H, 5-0%). 
| 4-Phenyl-3-methyl- «8 - dinaphthaspiropyran.—4 - Pheny]-2 : 3-dimethyl-a-naphthapyrylium 
* perchlorate [golden-brown laminz from AcOH, m. p. 223—224° (decomp.)] was first prepared 
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from 2 : 3-dimethyl-«-naphthachromone (Cheema, Gulati, and Venkataraman, J., 1932, 925) and 
then converted into the spiropyran, which separated from acetone in colourless needles, m. p. 
181—182° (to a blue liquid) (Found: C, 87-7; H, 5-2. C,,.H,,O, requires C, 87-7; H, 5-0%). 

4’-Phenyl-3’-methylbenzo-a-naphthaspiropyran.—4-Phenyl-2 : 3-dimethyl-«-naphthapyrylium 
perchlorate was condensed with salicylaldehyde, and the product hydrolysed to the spiropyran 
in the usual manner. The pure compound obtained by crystn. from acetone—-EtOH formed pale 
yellow crystals, m. p. 115—116° (Found : C, 86-5; H, 5-0. C,,H,.O, requires C, 86-6; H, 5-1%). 

3-Methyl-2-ethyl-a-naphthachromone, prepared from 2-propionyl-l-naphthol, crystallises 
from EtOH in colourless needles, m. p. 102—103° (Found : C, 80-5; H, 6-0. C,,H,,O, requires 
C, 80°7; H, 5-9%). On treatment with PhMgBr in the usual manner this chromone yields 
4-phenyl-3-methyl-2-ethyl-«-naphthapyrylium perchlorate, which crystallises from AcOH in 
golden-yellow plates, m. p. 228—230° (decomp.). 

4-Phenyl-3 : 3’-dimethyl-aB-dinaphthaspiropyran.—iIn condensing the previously mentioned 
pyrylium salt with 2-naphthol-l-aldehyde the temp. must be kept at 40—45°. The remainder 
of the prepn. follows the normal course and the pure spiropyran crystallises from acetone-EtOH 
in colourless needles, m. p. 181—182° (to a blue liquid) (Found: C, 87-7; H, 5-1. C33H,,O, 
requires C, 87-6; H, 5-3%). 

3 : 3’-Dimethylenedi-B-naphthaspiropyran (VII).—A _ solution of 2-naphthol-l-aldehyde 
(3-5 g.) and cyclopentanone (1-0 g.) (Aschan, Ber., 1912, 45, 1603) in EtOH (15 c.c.), saturated 
with HCl in the cold, rapidly assumed a blue colour due to the formation of the naphthavinyl- 
pyrylium salt, which began to separate after } hr. This product after washing with Et,O was 
crystallised from formic acid and then hydrolysed to the spiropyran in the usual manner. The 
pure compound separated from C,H, in small colourless needles, m. p. 229—230° (to a purple 
liquid) (Found: C, 86-7; H, 4-9. C,,H,,0, requires C, 86-6; H, 48%). 

3 : 3’-Tetramethylenedi-B-naphthaspiropyran (VIII) was prepared from 2-naphthol-1l-aldehyde 
and cycloheptanone (Mossettig and Burger, J. Amer. Chem. Soc., 1930, 52, 3456). It crystallised 
from acetone—EtOH in colourless rhombs, m. p. 245—246° (Found : C, 86-6; H, 5-5. C, 9H,,0, 
requires C, 86-6; H, 5-5%). ; 

3 : 3’-(8-Methylirimethylene)di-B-naphthaspiropyran separated from C,H, in colourless rhombs, 
m. p. 253—254° (Found: C, 86-6; H, 5-5. C,gH,.O, requires C, 86-6; H, 5-5%). 


One of us (R. N. H.) desires to thank the Department of Scientific and Industrial Research 
for a personal grant in aid of this investigation. 
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113. The Synthesis of Some Homologous Naphthalenes. 
By E. pE BARRY BARNETT and F. G. SANDERS. 


THE condensation of succinic anhydride with a benzene hydrocarbon takes place easily 
and results in the $-aroylpropionic acid (I), from which the y-aryl-n-butyric acid (II) can 
be obtained and cyclised to the 1-ketotetrahydronaphthalene (III). Reduction of this 
and subsequent dehydrogenation leads to the naphthalene hydrocarbon (V), or a new 
alkyl group can be introduced by the action of a Grignard reagent and the resulting carbinol 
(VI) submitted to simultaneous dehydration and dehydrogenation (VII). 

It was by this method that Ruzicka and Ehmann (Helv. Chim. Acta, 1932, 15, 140) 
synthesised 1 : 3: 5-trimethylnaphthalene, and it has also been applied by Weisz and 
Woidich (Monatsh., 1926, 46, 453) for the preparation of 1-phenylnaphthalene. With 
these exceptions the method does not seem to have been employed for the preparation 
of homologous naphthalenes, although in many cases it affords a shorter path than the 
syntheses which have actually been used. 

The keto-acid obtained from toluene gives a cyclic ketone (III, Me at 7), from which 
1 : 7-dimethylnaphthalene was prepared by the action of methylmagnesium iodide and 
subsequent dehydration and dehydrogenation. This was found to agree with the descrip- 
tion of the liquid 1 : 7-dimethylnaphthalene given by Darzens and Heinz (Compt. rend., 
1927, 184, 33) but to differ widely from the solid 1 : 7-dimethylnaphthalenes of Vesely and 
Medvedeva (Coll. Czech. Chem. Comm., 1931, 3, 440) and of Zelinsky, Titz, and Fatejew 
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(Ber., 1926, 59, 2580). From the same cyclic ketone by the use of isopropylmagnesium 
bromide 7-methyl-l-isopropylnaphthalene was prepared and this agreed with the descrip- 
tion given by Ruzicka and Mingazzini (Helv. Chim. Acta, 1922, 4, 710) of the apocadalene 
obtained by them by the elimination of one of the methyl groups from cadalene. These 
investigators were apparently unable to synthesise this hydrocarbon and relied for orient- 
ation on its difference from 1-methyl-4-isopropylnaphthalene, which they synthesised and 
which has been synthesised recently by a shorter and more reliable method by one of us 


(Barnett and Cook, this vol., p. 22). 


A A 
Hy, 

Sm OO 
CH, 


(VI.) (VII.) 


Cumene with succinic anhydride gives a keto-acid (I, Pr’ at 4), the orientation being 
proved by its oxidation to cumic acid. This by reduction and cyclisation gives a ketone, 
from which 1-methyl-7-isopropylnaphthalene (eudalene) was prepared easily. This 
synthesis is shorter and easier than either the method used by Ruzicka and Stoll (Helv. 
Chim. Acta, 1922, 5, 923) or the more recent method of Darzens and Levy (Compt. rend., 
1932, 194, 2056). 

The reduction product of the keto-acid derived from o-xylene might be expected to 
undergo cyclisation in two directions (cf. Barnett and Marrison, Ber., 1931, 64, 535), but 
only one ketone was isolated, and as the yield of pure recrystallised substance was 85%, 
any isomeride could only have been formed to a very small extent. The conversion of 
this ketone into 2 : 3-dimethylnaphthalene (guajen) shows that it must be 1-keto-6 : 7- 
dimethyl-1 : 2 : 3: 4-tetrahydronaphthalene (III, Me at 6 and 7), the positions of the 
methyl groups in guajen having been established synthetically by Schroeter, Lichtenstadt, 
and Irineu (Ber., 1918, 51, 1587). By means of methylmagnesium iodide the cyclic ketone 
was converted into 1 : 6 : 7-trimethylnaphthalene, which has previously been obtained by 
Wilkinson (J., 1931, 1333) and by Ruzicka and Ehmann (loc. cit.) by very much longer 
syntheses. Wilkinson did not obtain sufficient for complete purification, and the product 
of Ruzicka and Ehmann was probably also impure, as they apparently only obtained it 
as a liquid, whereas in reality the hydrocarbon is a well-crystallised solid. 

The cyclic ketone derived from m-xylene (III, Meat 5 and 7) was reduced to the dimethyl- 
tetrahydronaphthalene (Krollpfeiffer and Schafer, Ber., 1923, 56, 620), and from this the 
hitherto unknown I : 3-dimethylnaphthalene was prepared. The conversion of the ketone 
into 1 : 5: 7-trimethylnaphthalene has already been described by Heilbron and Wilkinson 
(J., 1930, 2537) and by Ruzicka and Ehmann (loc. cit.). 

From #-xylene, 1 : 4-dimethylnaphthalene has been prepared by a shorter method 
than that recently employed by Darzens (Com/zt. rend., 1930, 190, 1562 ; cf. Robinson and 
Thompson, J., 1932, 2015), and the cyclic ketone has also been converted into 1 : 4 : 5-tri- 
methylnaphthalene, here again the synthesis being very much shorter than that of Ruzicka 
and Ehmann (loc. cit.). 

EXPERIMENTAL. 


Keto-acids (B-Aroylpropionic Acids, 1)—C,H,Cl, was found to be more suitable than the 
solvents (CS,, PhNO,, C,H,, and petroleum) employed by previous workers, but was unsuitable 
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in the case of naphthalene. In all cases, finely powdered AICI, (60 g.) was slowly added to suc- 
cinic anhydride (20 g.; 0-2 mol.), the hydrocarbon (0-22 mol.), and C,H,Cl, (75c.c.). Reaction 
was rapid at room temp. and was complete in 2 to 3 hr., except with p-xylene, when keeping 
over-night was necessary. The products were worked up as usual, and after being pptd. from 
Na,CO, aq. were sufficiently pure for most purposes. Further purification was best effected 
from C,H,, with or without the addition of a little C,H,,.. The yields were 80—90%. The 
following 8-benzoylpropionic acids were prepared : 4-Methyl, m. p. 129° (literature, m. p. 117°, 
120°, 127°); 4-isopropyl, m. p. 142° (literature, m. p. 72°) (Found: C, 70-9; H, 7-4. Calc.: 
C, 70-9; H, 7-3%); 3: 4-dimethyl, m. p. 129° (literature, m. p. 105°) (Found : C, 69-9; H, 6-9. 
Calc.: C, 69-9; H, 68%); 2: 4-dimethyl, m. p. 114° (literature, m. p. 108°, 111—112°); 
2 : 5-dimethyl, repeated crystn. failed to yield a product with a sharp m. p., but this was easily 
achieved after distillation in vac. (b. p. 215°/1 mm.), m. p. 86° (literature, m. p. 84°). 

y-Aryl-n-butyric Acids (II).—Contrary to statements by other workers (e.g., Krollpfeiffer 
and Schafer, Joc. cit.; Borsche, Ber., 1919, 52, 2083; Mayer and Stamm, idid., 1923, 56, 1424) 
reduction of the keto-acids by Clemmensen’s method did not require any modification of the 
usual conditions, and was smoothly effected by using 2—3 parts of Zn wool. After being 
pptd. from Na,CO, aq., the acids were sufficiently pure for cyclisation, but were easily purified 
from light petroleum. The yields were 70—90%. The following acids were prepared: y-p- 
tolyl-n-butyric acid (II, Me at 4), m. p. 59° (literature, m. p. 59°, 60°); y-p-cumyl-n-butyric 
acid (II, Pr® at 4), m. p. 50° (Found: C, 75-7; H, 8-8. C,,;H,,0, requires C, 75-7; H, 8-8%); 
y-o-xylyl-n-butyric acid (II, Me at 3 and 4), m. p. 53° (Found: C, 74:9; H, 8-4. C,,H,,0, 
requires C, 75-0; H, 8°3%); :y-m-xylyl-n-butyric acid (II, Me at 2 and 4), m. p. 79° (literature, 
m. p. 70°, 71°, 78—79°) ; y-p-xylyl-n-butyric acid (II, Me at 2 and 5), repeated recrystn. failed 
to yield a product with sharp m. p., but this was easily achieved by distillation in vac. (b. p. 
175°/2 mm.), m. p. 70° (literature, m. p. 70°). 

Cyclic Ketones (III).—Cyclisation of the above acids was effected by adding 20 g. to 100 

c.c. of 80% H,SO, and then heating the whole on the water-bath for 1—1} hr. After cooling 
and dilution with H,O the ketone was extracted with Et,O, and the Et,O solution washed with 
dil. NaOH aq. (which removed much colour). The ketone was purified by distillation in vac. 
and by recrystn. from light petroleum. The yields averaged over 70%, but the yield from the 
m-xylene product was only 30%. The following 1-keto-1 : 2: 3: 4-tetrahydronaphthalenes 
were prepared : 7-Methyl, m. p. 35° (literature, m. p. 33—35°); 7-isopropyl, m. p. 36° (Found : 
C, 83-0; H, 8-5. C,,;H,,O0 requires C, 83-0; H, 85%); 6: 7-dimethyl, m. p. 49° (Found: C, 
82-7; H, 7-8. C,,H,,O requires C, 82-7; H, 80%); 5:7-dimethyl, m. p. 50° (literature, 
m. p. 50°); 5: 8-dimethyl, m. p. 33° (Found: C, 82-7; H, 8-2. C,,H,,O requires C, 82-7; H, 
8-0%). 
Carbinols (V1I).—The cyclic ketone, dissolved in anhyd. Et,O, was added slowly to the 
Grignard solution prepared from 1-25 mols. of Mg and cooled in a freezing mixture. After 
warming to room temp. and then boiling for 5—10 min., the solution was poured on ice and 
NH,Cl. The washed and dried (Na,SO,) solution was evaporated, and the residue recrystallised 
from light petroleum or C,H,, or a mixture of these. The yields were about 70%. The follow- 
ing 1: 2:3: 4-tetrahydro-l-naphthols were prepared: 1: 7-dimethyl, m. p. 90° (Found: C, 
81-7; H, 9-2. C,.H,,O requires C, 81-8; H, 9-1%); 1-methyl-7-isopropyl, m. p. 83° (Found : 
C, 82-2; H, 98. C,gH..O requires C, 82-3; H, 98%); 7-methyl-l-isopropyl and 1: 6: 7- 
trimethyl, both of which could not be crystallised; 1: 5: 8-ivimethyl, m. p. 136° (Found: C, 
82-1; H, 9-5. C,3H,,O requires C, 82-1; H, 9-5%). 

Tetrahydronaphthalenes (IV).—Reduction of the cyclic ketones was effected by the usual 
Clemmensen method, using 5 parts of Zn wool. The products, obtained in 70—90% yield, were 
extracted with Et,O and purified by distillation in vac. 6: 7-Dimethyl-1: 2:3: 4-tetrahydro- 
naphthalene had b. p. 128°/7 mm. (Found: C, 90-0; H, 10-0. C,H, requires C, 90-0; H, 
10-0%), and 5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene, b. p. 120°/1 mm. and 254°/760 mm. 
(Found : C, 89-8; H, 10-0%). 

Dehydrogenation.—Dehydrogenation was effected with a slight excess of Se for 20—40 hr. 
An electrically heated air-bath was used and adjusted to give a temp. of 300° inside the reaction 
vessel, although the b. p. of the liquids did not permit this being reached. Dehydrogenation 
appeared to take place chiefly in the vapour phase, as, unless the vessel was immersed sufficiently 
deeply for the walls above the level of the liquid to be heated, scarcely any H,Se was evolved. 
This was particularly noticeable with the dimethyltetrahydronaphthalenes (b. p. about 254°). 
Carbinols were heated until evolution of H,O had ceased before the Se was added. In all cases 
the naphthalene hydrocarbon was isolated as its picrate and then liberated from this, after 
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purification, by NH;. The following naphthalenes were prepared : 1 : 3-Dimethyl, b. p. 107°/1 
mm. (Found : C, 91-9;-H, 7-8. C,,H,, requires C, 92-3; H, 7-7%); picraie, m. p. 118° (Found : 
N, 11-0. C,.H,.,C,H,0,N, requires N, 10-9%). 1: 4-Dimethyl, b. p. 264°/760 mm. ; picrate, 
m. p. 144° (literature, 139—144°). 1: '7-Dimethyl, b. p. 258°/760 mm.; picrate, m. p. 120°, 
unaltered by repeated crystn. (Darzens and Heinz, Joc. cit., give b. p. 147—149°/15 mm. and 
123—124° as m. p. of the picrate). 2: 3-Dimethyl, m. p. 104°, alone or mixed with an authentic 
sample, for which the authors thank Dr. J. W. Cook. 1-Methyl-7-isopropyl (eudalene), b. p. 
281°; picrate, m. p. 95°, styphnate, m. p. 122° (literature, eudalene, b. p. 281°, picrate, m. p. 
90—91°, 91-8°, styphnate, m. p. 119—120°, 119-8°).. 7-Methyl-l-isopropyl (apocadalene), b. p. 
282°; picrate, m. p. 102°, styphnate, m. p. 166° (Ruzicka and Mingazzini, Joc. cit., give picrate, 
m. p. 101—102°, styphnate, m. p. 163—164°). 1:4: 5-Trimethyl, m. p. 63°; picrate, m. p. 
146°, styphnate, m. p. 146° (Ruzicka and Ehmann, Joc. cit., give the same figures). 1: 6: 7- 
Trimethyl, m. p. 28° (from MeOH) (Found: C, 91-7; H, 8-3. Calc.: C, 91-8; H, 82%); 
picrate, m. p. 125°, styphnate, m. p. 149° (Ruzicka and Ehmann, /oc. cit., describe the hydro- 
carbon as a liquid, b. p. 138°/12 mm., the picrate, m. p. 122-5°, and the styphnate, m. p. 146°. 
Wilkinson, Joc. cit., describes the picrate, m. p. 122°, and the styphnate, m. p. 148—149°, but 
did not obtain the hydrocarbon pure). 
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114. Usnic Acid. Part I. Derivatives of Methylphloroglucinol. 
By Frank H. Curp and ALEXANDER ROBERTSON. 


IN a comprehensive analytical investigation of usnic acid, Schépf and Heuck (Annalen, 
1927, 459, 233) have shown that this important lichen product and its derivatives contain 
a methylphloroglucinol nucleus. The experiments described in the present communication 
were carried out as an essential preliminary step in a synthetical investigation of this sub- 
stance and its main degradation products and had in view three main objectives: (1) to 
explore methods for the preparation of methylphloroglucinol in quantity which avoid the 
use of trinitrotoluene, (2) to orient the methyl ethers of this phenol, and (3) to study the 
alkylation of its derivatives by the potassium carbonate—acetone method. 

(A) Synthesis of Methylphloroglucinol.—This phenol may be considered to be formed by 
the interaction of methylmalonic acid and acetone with the elimination of two molecules of 
water, and in consequence we were led to attempt the preparation of the compound from 
two such simple and readily accessible substances. Unfortunately the condensation of 
ethyl methylmalonate and ethyl acetonedicarboxylate (used in place of the less reactive 
acetone) in the presence of sodium ethoxide resulted in only a small yield of the ester (III). 
A better yield was obtained, however, when this synthesis was carried out in two stages : 
The dione (II) obtained by the interaction of the acid chloride (I) and ethyl sodioacetone- 
dicarboxylate gave on ring closure with sodium ethoxide an ester which on hydrolysis and 


Me Me, /CO,Et 


CO,Et ow CHMe:CO,Et HO” \oH HO’ \OH 
¢HMe + ¢O —> ¢0 —> Eto,cl )co,Et Hl Jco,Et 
COCl _ CH,"CO, Et CH-CO,Et 

CO-CH,:CO,Et 


H 6 
(I.) (II.) (III.) (IV.) 


(v.) CH,*CH(CO,Et):CO-CH(CO,Et):CO-CH, 


simultaneous decarboxylation of the resulting acid furnished methylphloroglucinol. This 
ester we consider to be represented by formula (III), because on general grounds the ring 
closure of (II) would be expected to proceed in this direction. The structure (III) is supported 
by the fact that on acetylation in the ordinary manner the compound yields a derivative 
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which appears to be a triacetate. Nevertheless, in the absence of more direct experimental 
evidence the alternative structure (IV), which would also be consistent with the formation 
of methylphloroglucinol by hydrolysis, is not entirely excluded. 

On attempting to use ethyl acetoacetate in place of ethyl acetonedicarboxylate it was 
found that, though the condensation of (I) and ethyl sodioacetoacetate readily yielded 
ethyl hexane-3 : 5-dione-2 : 4-dicarboxylate (V), the latter dione could not be converted 
into ethyl methylphloroglucinolcarboxylate. 

(B) Ethers of Methylphloroglucinol.—The two isomeric monomethyl ethers «-(IX) and 
B-(X) have been prepared from methylphloroglucinol by Weidel (Monaish., 1898, 19, 
223) and by Herzig and Wenzel (cbid., 1902, 23, 112) respectively. The proofs of the 
orientation of these ethers as well as that of the «-dimethyl ether (XIV) (Weidel, Joc. cit.) 
depend on somewhat extensive and involved evidence and cannot be considered to be 
entirely rigid (cf. Herzig and Eisenstein, Monaish., 1902, 23, 563; Herzig and Wenzel, 
loc. cit.; Konya, ibid., 1900, 21, 422; Pollak and Solomonica, ibid., 1901, 22, 1002; Weidel 
and Pollak, ibid., 1897, 18, 347; 1900, 21, 15; Karrer, Helv. Chim. Acta, 1919, 2, 466; 
1920, 3, 392). 

The preparation of the «-ether (IX) from 2 : 6-dinitro--toluidine through the stages 
(VI), (VII), and (VIII) now serves to establish conclusively the orientation of this com- 
pound. Hence the isomeric 6-monomethyl ether (Herzig and Wenzel, Joc. cit.) has 
formula (X). 








Me Me Me Me Me 
ot Ou 0,N’ NNO, i Ole HO’ NOH ~~ 
OH Me OMe Me OH 
(VI.) (VII.) (VIIL.) (IX.) (X.) 
Me Me Me Me 
a Cm HOC a — 
(MeO) 
OMe OMe OMe OMe 
(XI) (XII) (XIII) (XIV.) 


Similarly the structure previously assigned to the «-dimethyl ether (XIV) is confirmed by 
its production from (VII) through the stages (XI), (XII), and (XIII). 

2 : 6-Dinitro-p-toluidine has been found to be a convenient substitute for trinitrotoluene 
as a starting material in the preparation of methylphloroglucinol in quantity. 

(C) Conversion of Phloroglucinol into Derivatives of Methylphloroglucinol.—In the course of 
unsuccessful attempts to prepare 4-O-methylphloracetophenone (required for an independent 
investigation) by the partial alkylation of phloracetophenone, we observed that, when the 
latter ketone was treated with methyl iodide (1 mol. or excess) and potassium carbonate 
in boiling acetone, nuclear alkylation occurred and a dimethyl ether of a C-methylphloraceto- 
phenone was formed. Since this appeared to be a feasible method for convérting phloro- 
glucinol into derivatives of C-methylphloroglucinol, we have examined the reaction in 
detail and have found that compounds of the type (XV, where R = H, Me, or OMe) are 
readily converted into derivatives of the type (XVI). Only methyl phloroglucinol- 
carboxylate gave rise to its trimethyl ether in addition to (XVI, R = OMe). 


Me Me 
HO OH MeO OH MeO OH HO OMe 
SOR ; OR Me OR COR 
H OMe OMe OMe 
(XV.) (XVI.) (XVIL.) (XVIII.) 


The orientations of the compounds (XVI, where R =H, Me, or OMe) have been 
established as follows : in the case of the ketone (XVI, R = Me), since the same compound 
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was formed by the condensation of methylphloroglucinol «-dimethyl ether and acetonitrile 
according to the procedure of Hoesch, the hydroxyl group must be in the o-position to the 
C-methyl group and therefore of the three possible formule, types (XVI), (XVII), and 
(XVIII), for this compound formula (XVII, R = Me) is definitely excluded. The ketone 
gives an intense ferric chloride reaction, indicating that the hydroxyl group is also in the 
o-position to the carbonyl group and thus excluding structure (XVIII). In any case a 
compound of the latter type, if formed in the reaction mixture, would be expected to under- 
go further alkylation and yield a trimethyl ether. That the hydroxyl group is in the 
o-position to the carbonyl group is confirmed by the fact that on condensation with anis- 
aldehyde the gompound gave rise to the chalkone (XIX), which on ring closure yielded the 
flavanone (XX). Hence the ketone must have formula (XVI, R = Me). 


FeCl, 
co 
Me Me O Me O 


MeO/ NOH MeO CH:C,H,OMe MeO C,H,OMe 
CO-CH:CH-C,H,-OMe CH, 


Me OMe CO OMe 
(XIX.) (XX.) (XX) 


Similarly the aldehyde derived from phloroglucinaldehyde is represented by formula 
(XVI, R=H). In this case the formation of the same compound from methylphloro- 
glucinol «-dimethyl ether by Gattermann’s method and its condensation with acetylanisole 
yielding 5: 7 : 4’-trimethoxy-8-methylflavylium ferrichloride (XXII) by Robinson’s procedure 
serve to establish the relative positions of the methyl, hydroxyl, and aldehyde groups. 

The structure of the ester (XVI, R = OMe) follows from the fact that on hydrolysis it . 
furnished an acid, which on decarboxylation gave rise to methylphloroglucinol «-dimethyl 
ether and was identical with the acid formed by the oxidation of the ace/ate of the aldehyde 
(XVI, R = H) and subsequent hydrolysis of the product. 

The alkylation of phloroglucinol and its derivatives with alkyl halides and alkalis or 
alkoxides has been the subject of numerous investigations (Herzig and his collaborators, 
Monatsh., 1888, 9, 217, 882; 1889, 10, 735; 1893, 14, 376; 190C, 21, 852, 866; 1901, 
22, 215; 1902, 23, 81; Margulies, zbid., 1888, 9, 1045; 1889, 10, 459; Pollak, zbid., 1897, 
18, 745; Will, Ber., 1884, 17, 2107). In general the results previously described show that 
on etherification by such methods phloroglucinol and its derivatives with the exception 
of the dialkyl ethers, which yield only the corresponding trialkyl ethers, indicating a stable 
enolic form, tend to undergo nuclear alkylation. Moreover, under these conditions nuclear 
alkylation is difficult to control and the formation of C-polyalkyl derivatives is prone to 
occur. By means of the methyl iodide—potassium carbonate method, however, only one 
C-methyl group is introduced. This observation is in agreement with the behaviour of 
methylphloroglucinaldehyde, methylphloracetophenone, and methyl 2: 4: 6-trihydroxy- 
3-methylbenzoate, which even on prolonged treatment with the methylating mixture do 
not undergo further nuclear alkylation, but yield ethers of the type (XVI); in addition 
the ester also gives rise to its O-trimethyl ether. 


EXPERIMENTAL. 


Methylmalonic Acid Monoethyl Ester.—This ester was prepared by the following modification 
of Marguery’s method (Bull. Soc. chim., 1905, 33, 541): KOH (16-1 g.), dissolved in EtOH 
(250 c.c.), was gradually added to a solution of ethyl methylmalonate (50 g.) in EtOH (200 c.c.), 
and the mixture warmed on the steam-bath until it became neutral. After the separation of a 
small amount of potassium methylmalonate the greater part of the EtOH was evaporated, the 
potassium salt of the half ester pptd. with Et,O, collected, and decomposed with ice-cold aq. 
HCl, and the acid-ester isolated with Et,O and distilled in a vac., b. p. 144—145°/25 mm. 
[Found: CO,H, 30-1. Calc. for C;H,O,(CO,H): CO,H, 30-8%]. Prepared by Marguery’s 
method, methylmalony] chloride monoethyl ester had b. p. 80—81°/21 mm. 

Ethyl Hexane-2 : 4-dione-1 : 3: 5-tricarboxylate (II).—The aforementioned acid chloride 
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(4 g.) was added to a solution of ethyl sodioacetonedicarboxylate (from 5 g. of ester and 
0-6 g. of powdered Na) in Et,O (50 c.c.) and after the vigorous reaction had ceased the mixture 
was refluxed for 1 hr. Sufficient H,O was added to dissolve the NaCl, the ethereal layer was 
separated, dried, and evaporated, and the residue was distilled in a high vac. Redistillation 
of the main fraction, b. p. 135—180°/1 mm., finally gave the ester (3 g.) as a colourless oil, b. p. 
165—168°/1 mm. (Found: C, 54-2; H, 6-5. C,,;H,.O, requires C, 54-5; H, 6-7%). 

Ethyl Methylphloroglucinoldicarboxylate (III) —(A) When the vigorous reaction between the 
foregoing ester (3 g.) and NaOEt (from 0-3 g. of Na) in Et,O (30 c.c.) had subsided, the solvent 
was distilled and the residue kept at 100° for l hr. A solution of the product in H,O (100 c.c.), 
on being saturated with CO,, gradually deposited ethyl methylphloroglucinoldicarboxylate, which 
crystallised from EtOH in clusters of colourless flat prisms (1 g.), m. p. 92—93°, and gave a red- 
brown coloration with alc. FeCl, [Found : C, 54-9; H, 5-8; OEt, 31-3. C,H,O,;(OEt), requires 
C, 54:9; H, 5-6; OEt, 31-7%]. Acidification of the aq. liquor gave a small amount (about 
0-1 g.) of an oily acid which was not investigated. Treatment of the ester (0-2 g.) with Ac,O 
(4 c.c.) and AcONa (0-4 g.) at 100° for 3 hr. gave the triacetate, which crystallised from dil. 
EtOH or C,H,-—ligroin in rhombic prisms, m. p. 99°, and did not give a FeCl, reaction [Found : 
C, 55:3; H, 5-5; OEt, 21-4. C,,;H,,0,(OEt), requires C, 55-6; H, 5-4; OEt, 220%. Di- 
acetate, C,;H,,0,(OEt), requires C, 55-4; H, 5-4; OEt, 245%]. 

(B) An intimate mixture of ethyl acetonedicarboxylate (10 g.), ethyl methylmalonate (8-6 g.), 
and NaOEt (from 2-25 g. of Na) was heated (oil-bath) at 160° for lhr. A solution of the product 
in H,O (150 c.c.) was extracted with Et,O to remove unchanged material and saturated with 
CO,, and in the course of several hr. a small amount of cryst. ethyl methylphloroglucinoldi- 
carboxylate separated, m. p. and mixed m. p. 92—93° after recrystn. from EtOH (Found: C, 
54-9; H, 56%). 

Acidification of the aq. liquor with mineral acid pptd. a solid, which crystallised from C,H, 
and then from AcOEt in colourless microscopic needles, m. p. 182—183° (decomp.) (Found : 
C, 54-4; H, 4:1; OEt, 16-9. Calc. for C,,H,,0O,: C, 54-1; H, 3-8; OEt, 16-9%). This sub- 
stance, which gave a purple-black FeCl, reaction, appears to be identical with the compound 
obtained by Jerdan (J., 1897, 71, 1111) by the condensation of 2 mols. of ethyl acetonedicarboxyl- 
ate with the aid of Nain C,H, and shown by Sonn (Ber., 1917, 50, 138) to be ethyl 4 : 5 : 7-tri- 
hydroxycoumarin-6 (or 8)-carboxylate. 

Attempts to condense ethyl methylmalonate and ethyl acetonedicarboxylate with Na gave 
unsatisfactory results. 

Methylphloroglucinol_—_Ethyl methylphloroglucinoldicarboxylate (0-5 g.) was hydrolysed 
with 5% aq. KOH (10 c.c.) in an atm. of H on the steam-bath for 3 hr. After acidification 
methylphloroglucinol was isolated with Et,O and purified by sublimation in a high vac. and then 
by crystn. from AcOEt-light petroleum (b. p. 60—80°) forming clusters of colourless needles, 
m. p. 210—212°, identical with an authentic specimen (Found: C, 60-4; H, 6-1. Calc. for 
C,H,O,: C, 60-0; H, 5-7%). The triacetate separated from light petroleum in needles, m. p. 
and mixed m. p. 58°. 

2 : 6-Dinitro-p-cresol (VI).—A solution of 2 : 6-dinitro-p-toluidine (15 g.) in conc. H,SO, 
(110 c.c.) and H,O (110 c.c.) was diazotised at below 0° with NaNO, (8 g.) dissolved in H,O 
(15 c.c.). After $ hr. the slight excess of HNO, was destroyed with urea, and the diazonium 
solution gradually added to a boiling solution of CuSO, (350 g.) in H,O (350 c.c.). Isolated by 
means of Et,O, the cresol was obtained as a reddish-coloured solid, which crystallised from hot 
toluene in pale yellow needles (8 g.), m. p. 154—155° (Found: N, 14-6. C,H,O,;N, requires 
N, 141%). With aq. NaOH or NaHCO, this compound forms an orange-coloured solution. 

Methylation of the cresol with Me,SO, and aq. KOH gave rise to the methyl ether (VII), 
which crystallised from 75% AcOH in long straw-coloured needles, m. p. 103—104° [Found : 
OMe, 14-9. C,H;0,N,(OMe) requires OMe, 14-6%]. 

Methylphloroglucinol «-Methyl Ether (IX).—Granulated Sn (35 g.) was added in portions to a 
mixture of the foregoing cresol ether (10 g.) and conc. HCl (60 c.c.) maintained at 70—80° for 
2hr. The filtered solution was evaporated in a vac., and the residue heated at 100° to remove 
the last traces of HCl and then dissolved in H,O (600 c.c. at 70°). After the removal of the Sn 
by means of H,S the liquor was evaporated in an atmosphere of CO, and a solution of the 
residue in air-free H,O (800 c.c.) was refluxed in an atm. of CO, for 30 hr. The greater part of 
the H,O was then distilled in a vac., the residual liquor (100 c.c.) extracted several times with 
Et,O, and the combined extracts dried and evaporated. A warm xylene extract of the crude 
product, on cooling, deposited methylphloroglucinol «-methyl ether in needles, m. p. 124° 
after recrystn. The residue insol. in hot xylene consisted of almost pure methylphloroglucinol, 
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which probably resulted from a small amount of 2 : 6-diamino-p-cresol formed by demethylation 
of the methyl] ether during the concn. of the acid solution of the tin double salt. 

2 : 6-Dinitro-p-toluidine (7 g.) was reduced with Sn (23 g.) and HCl aq. (47 c.c.) to 2: 4: 6- 
triaminotoluene, and the latter converted into methylphloroglucinol by Weidel’s method 
(Monaish., 1898, 19, 223). A specimen of the monomethy] ether obtained directly from methyl- 
phloroglucinol was identical with the methyl ether of methylphloroglucinol described above, m. p. 
and mixed m. p. 124°. 

In the etherification of methylphloroglucinol with MeOH and HCl it was noted that the 
success of the expt. depended entirely on the following conditions, the saturation of a solution of 
methylphloroglucinol in MeOH with dry HCl without cooling, and then subsequently cooling 
to induce crystn. of the methyl ether-HCl double compound. If, on the other hand, the mixture 
was cooled to below 0° during the passage of HCl as indicated by Weidel (/oc. cit.), a cryst. double 
compound separated almost immediately which on decomp., however, re-formed the original 
phenol. It was also found that on treatment with aq. NaHCO, the cryst. «-methyl ether-HCl 
double compound gave conveniently a theo. yield of the «-ether (isolated with Et,O). 

6-Nitro-4-methoxy-0-toluidine (XI).—(A) A slow stream of H,S was led into a mixture of 
2 : 6-dinitro-4-methoxytoluene (5 g.), aq. NH, (3 c.c., d 0-880), and EtOH (20 c.c.) for 2 hr.; 
the mixture was occasionally heated on the steam-bath. After the addition of an excess of 
H,O the ppt. of the crude base and S was collected, washed, and extracted with hot 10% HCl 
aq. On basification the extract deposited the amine (1-8 g.), which separated from warm H,O 
in pale yellow needles, m. p. 82—83°, readily sol. in EtOH or AcOEt and sparingly sol. in light 
petroleum (Found: C, 52-5; H, 6-0. C,H,,0O,N, requires C, 52-8; H, 56%). The acetyl 
derivative crystallised from EtOH in colourless needles, m. p. 171—172° (Found: C, 53-4; 
H, 6-0. Cj 9H,,0,N, requires C, 53-7; H, 54%). 

(B) A mixture of the dinitro-compound (5 g.), acetone (25 c.c.), and aq. Na,S, (20-5 c.c. of a 
solution prepared from 30 g. of Na,S,9H,O, 4 g. of S, and 110 c.c. of H,O) was refluxed for 
5 hr., cooled, and diluted with H,O. The amine (1-7 g.) was isolated with dil. HCl aq. from the 
ppt. thus obtained, m. p. 81—82° after purification. The residue insol. in HCl aq. consisted of 
the unchanged dinitro-compound (0°8 g.). 

(C) The following was found to be the most successful method and was suitable for the prepn. 
of the base in quantity : A solution of SnCl,,2H,O (15-85 g.) in EtOH (100 c.c.) saturated with 
HCl was carefully added to a suspension of 2 : 6-dinitro-4-methoxytoluene (5 g.) in EtOH 
(25 c.c.), and the reaction completed by boiling on the steam-bath for }hr. Next day the greater 
part of the EtOH was removed in a vac. and the amine (2-3 g.) and unchanged dinitro-compound 
(1 g.) were pptd. with H,O and separated in the usual manner. 

6-Nitro-4-methoxy-o-cresol (XII).—The foregoing nitroamine (5 g.) was dissolved in H,SO, 
(75 c.c.) and H,O (15 c.c.) and diazotised at below 0° with NaNO, (1-8 g.). 2 Hr. later the slight 
excess of HNO, was destroyed with urea, and the diazonium solution gradually added to boiling 
20% H,SO, (200 c.c.). On cooling, the cresol (4-6 g.) solidified and was collected and purified 
by crystn. from light petroleum (b. p. 60—80°), forming orange-yellow needles (2-5 g.), m. p. 
126° (Found: N, 7-7. C,H,O,N requires N, 7-7%). This compound is extremely sol. in the 
usual org. solvents except light petroleum. Methylation of the phenol with 15% aq. KOH and 
Me,SO, furnished 6-nitro-2 : 4-dimethoxytoluene, which separated from dil. aq. MeOH in plates, 
m. p. 93° [Found : OMe, 31-8. C,H,;O,N(OMe), requires OMe, 31-5%]. 

4 : 6-Dimethoxy-o-ioluidine (XIII).—6-Nitro-2 : 4-dimethoxytoluene (17-5 g.) was reduced 
with a boiling solution of Na,S,9H,O (60 g.) in HO (90 c.c.) during 6 hr., and the resulting amine 
isolated with Et,O0. The addition of H,SO, (23 g.) to the dried ethereal solution of the base 
pptd. the sulphate, which separated from warm H,O as a hydrate in colourless needles. Treat- 
ment of this salt with Ac,O and excess of AcONa at room temp. for 12 hr. gave the acetyl deriv- 
ative, which crystallised from AcOEt-light petroleum in clusters of needles, m. p. 146° (Found : 
C, 63-1; H, 7-3. C,,H,,0,N requires C, 63-1; H, 7-2%). 

Methylphloroglucinol «-Dimethyl Ether (XIV).—A solution of the aforementioned sulphate (7 
g.) in 13-56% H,SO, (75 c.c.) was diazotised at below 0° with NaNO, (1-85 g.), after $ hr. the excess 
of HNO, was destroyed with urea, the diazonium solution gradually added to boiling 20% H,SO, 
(200 c.c.), the cooled reaction mixture saturated with (NH,),SO,, and the phenol isolated with 
Et,0. Purified by distillation in a high vac. and then by crystn. from light petroleum (pb. p. 
60—80°), it was obtained in clusters of colourless needles (2-5 g.), b. p. 135°/1 mm., m. p. 67— 
68° [Found: C, 64-0; H, 7:0; OMe, 36-8. Calc. for C;,H,O(OMe),: C, 64:3; H, 7:0; OMe, 
36-9%]. The compound is readily sol. in EtOH, AcOEt, or C,H, and insol. in warm H,O. 

A specimen of the a-dimethyl ether was prepared according to the directions of Weidel 
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(loc. cit.) and found to have m. p. and mixed m. p. 66—67° (Weidel and Pollak and Solomonica, 
locc. cit., respectively quote m. p. 60—61° and 60°). 

2-Hydroxy-4 : 6-dimethoxy-3-methylbenzaldehyde (XVI, R = H).—(A) A solution of phloro- 
glucinaldehyde (3 g.) in acetone (30 c.c.) was refluxed with Mel (7-5 c.c.) and powdered K,CO, 
(8 g.) for 3 hr., filtered, and evaporated. A solution of the residue in hot EtOH, on cooling, 
deposited the aldehyde in plates (0-75 g.), m. p. 168—169° after recrystn. [Found in material 
dried at 110°: C, 60-8; H, 6-4; OMe, 32-1. C,H,O,(OMe), requires C, 61-2; H, 6-1; OMe, 
31-6%]. The compound is readily sol. in ACOEt or AcOH and sparingly sol. in warm light 
petroleum and gives a purple coloration with alc. FeCl). 

Methylation of methylphloroglucinaldehyde (Herzig, Wenzel, and Gehringen, Monatsh., 1903, 
24, 876) (1-5g.) with Mel (3c.c.) and K,CO, (4-5 g.) in boiling acetone (20 c.c.) during 1 hr. gave 
the dimethyl ether (0-85 g.), m. p. and mixed m. p. 168—169° after purification (Found in 
specimen dried at 110°: C, 60-5; H, 6-3%). 

(B) A mixture of methylphloroglucinol «-dimethyl ether (1-7 g.), HCN (2-5 c.c.), ZnCl, 
(1 g.), and dry Et,O (30 c.c.) was saturated with HCl. Next day the cryst. solid was collected, 
washed with Et,O, and hydrolysed with H,O (50 c.c.) on the steam-bath for 15 min. The re- 
sulting aldehyde crystallised from EtOH in plates (1-4 g.), m. p. and mixed m. p. 168—169° 
(Found: C, 61-3; H, 63%). Despite a careful search a second product could not be 
isolated. 

Acetylation of 2-hydroxy-4 : 6-dimethoxy-3-methylbenzaldehyde (1 g.) with Ac,O (10 c.c.) 
and pyridine (5 c.c.) on the steam-bath for 3 hr. gave the acetate, which separated from aq. 
EtOH in slender needles, m. p. 123—124° (Found: C, 60-8; H, 5-9. C,,.H,,0, requires C, 
60-5; H, 5-9%). 

5:7: 4’-Trimethoxy-8-methylflavylium Ferrichloride (XX1).—The foregoing aldehyde (0-57 g.) 
was condensed with acetylanisole (1-2 g.) in ACOEt by means of HCl. After 2 days the flavylium 
chloride was pptd. with Et,O and converted into the ferrichloride in the usual manner. This 
salt separated from AcOH in needles or short thick prisms, m. p. 196—197° (Found: C, 44-9; 
H, 3-9. Cy 9H ,,0,Cl,Fe requires C, 44-8; H, 3-7%). 

Methylation of Methyl Phloroglucinolcarboxylate.—A solution of this ester (Herzig and Wenzel, 
Monatsh., 1902, 23, 81) (3 g.) in acetone (30 c.c.) was refluxed with Mel (8 c.c.) and K,CO, 
(8 g.) for 3 hr. and after isolation in the usual manner the product was dissolved in hot MeOH. 
On cooling, methyl 2-hydroxy-4 : 6-dimethoxy-3-methylbenzoate separated in elongated rectangular 
prisms (0-25 g.), m. p. 144—145° (Found: C, 58-3; H, 6-5. C,,H,,0,; requires C, 58-4; H, 
6-2%). This ester is moderately easily sol. in warm EtOH or acetone, and sparingly sol. in 
ligroin. With alc. FeCl, it gives a greenish-brown coloration. 

Addition of H,O to the methyl-alc. mother liquors pptd. methyl 2 : 4 : 6-trimethoxybenzoate 
(2-35 g.), which crystallised from light petroleum in thick prisms, m. p. 66—67° [Found: C, 
58-9; H, 6-3; OMe, 54-2. Calc. for C;,H,O(OMe),: C, 58-4; H, 6-2; OMe, 54-9%]. 

Methylation of methyl 2 : 4-dihydroxy-6-methoxy-3-methylbenzoate (Herzig and Wenzel, 
loc. cit.) (1 g.) with Mel (2 c.c.) and K,CO, (3 g.) in acetone during 3 hr. gave methyl 2-hydroxy- 
4 : 6-dimethoxy-3-methylbenzoate (0-5 g.), m. p. 145—146° after purification [Found : C, 58-2; 
H, 6-4; OMe, 41-5. Calc. for C,H,O,(OMe),: C, 58-4; H, 6:2; OMe, 41-2%]. A further 
quantity of the ether (0-2 g.) was isolated from the mother-liquors. 

Methylation of Methyl 2: 4 : 6-Trihydroxy-3-methylbenzoate.—This ester (Herzig and Wenzel, 
loc. cit.) (1 g.) was methylated with MeI (3 c.c.) and K,CO, (3 g.) in boiling acetone during 3 hr. 
A solution of the product in the minimum amount of hot MeOH gradually gave methyl 2-hydroxy- 
4 : 6-dimethoxy-3-methylbenzoate (0-35 g.), m. p. and mixed m. p. 145°. The filtrate from this 
ester was diluted with H,O and a solution of the ppt. in hot MeOH on cooling deposited a further 
quantity of the compound (0-05 g.). 

After the removal of the solid, excess H,O was added to the filtrate and the ppt. collected, 
dried and crystallised from light petroleum. Methyl 2: 4: 6-trimethoxy-3-methylbenzoate 
(0-55 g.) thus obtained formed colourless plates, m. p. 80—82° [Found : C, 59-8; H, 6-9; OMe, 
51-0. C,H,O(OMe), requires C, 60-0; H, 6-7; OMe, 51-7%]. It is readily sol. in MeOH, 
EtOH, and in warm light petroleum and does not give a FeCl, reaction. A mixture of the com- 
pound (0-7 g.), EtOH (5c.c.), and 20% aq. KOH (5c.c.) was heated on the steam-bath for 1 hr., 
cooled, acidified, and extracted several times with Et,0. The combined ethereal extracts 
were washed with aq. NaHCO, to remove traces of acid, dried, and evaporated, leaving methy]l- 
phloroglucinol trimethyl ether. Treatment of this compound with Br in AcOH gave rise to the 
dibromide, which crystallised from EtOH in clusters of silky needles, m. p. 102—103° [Found : 
OMe, 27:2. C,H,Br,(OMe), requires OMe, 27-4%]. Bromination of an authentic specimen of 
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methylphloroglucinol trimethyl ether (Herzig and Theuer, Monatsh., 1900, 21, 855) in a similar 
manner gave the same dibromide, m. p. and mixed m. p. 102—103° (Found : OMe, 27-5%). 

2-Hydroxy-4 : 6-dimethoxy-3-methylbenzoic Acid.—(A) The methyl ester (0-5 g.) was warmed 
on the steam-bath with 50% MeOH (10 c.c.) containing KOH (0-5 g.) for 1 hr., cooled, and 
acidified with dil. HCl. The acid was collected, washed, and crystallised from MeOH, forming 
colourless rectangular prisms, m. p. 182° (Found: C, 56-3; H, 5-9. C,)H,.O,; requires C, 56-6; 
H, 5-7%). This compound, which is readily sol. in EtOH, gives a greenish-brown FeCl, reaction. 
It was decarboxylated by being heated at 210—220° for 10 min., and a solution of the oily 
product in warm light petroleum (b. p. 60—80°) gradually deposited methylphloroglucinol 
a-dimethyl ether in needles, m. p. 67—68°, identical with an authentic specimen. 

(B) The acetate of 2-hydroxy-4 : 6-dimethoxy-3-methylbenzaldehyde (0-8 g.) was dissolved 
in warm acetone (50 c.c. at 50—55°) and oxidised by the gradual addition of a solution of KMnQ, 
(1 g.) and MgSO, (1 g.) in H,O (25c.c.). 4 Hr. later the mixture was cleared with SO,, the acetone 
evaporated at room temp., and the aq. liquor extracted with CHCl,. The acetate of the acid 
was isolated from the extract by means of aq. NaHCO, and hydrolysed with 10% aq. KOH 
(10 c.c.) at room temp. for 2 hr., yielding the acid, which separated from MeOH in clusters of 
rectangular prisms, m. p. and mixed m. p. 182—183° (Found: C, 56-3; H, 6-0%). 

Methylphloracetophenone.—Methylphloroglucinol (6-6 g.) was condensed with acetonitrile 
(2-32 g.) in Et,O (60 c.c.) by means of powdered anhydrous ZnCl, (3 g.) and excess of HCl, and 
2 days later a solution of the cryst. ketimine double compound in H,O (100 c.c.) was neutralised 
with NH, aq. and boiled for 15 min. On cooling, methylphloracetophenone separated in clusters 
of colourless needles, m. p. of anhyd. material after recrystn. from H,O 211—212° (Found in 
air-dried material: C, 54:4; H, 6-1; H,O, 9-6. C,H,)0,,H,O requires C, 54-0; H, 6-0; H,O, 
90%. Found in specimen dried at 130° for 2 hr.: C, 58-9; H, 5-5. C,H, 90, requires C, 59-3; 
H, 5-5%). The compound is readily sol. in EtOH, acetone, or hot H,O, and gives with alc. 
FeCl, a purple-black coloration, which becomes purple on the addition of H,O. Treatment of 
the ketone (0-5 g.) with pyridine (1 c.c.) and Ac,O (2 c.c.) at 37° for 2-5 days gave the triacetate, 
which separated from dil. EtOH in clusters of needles, m. p. 111° (Found: C, 58-7; H, 5-2. 
C,5H,,O0, requires C, 58-4; H, 5-2%). 

2-Hydroxy-4 : 6-dimethoxy-3-methylacetophenone (XVI, R = Me).—(A) Methylphloro- 
glucinol «-dimethyl ether (2 g.) was condensed with acetonitrile (0-75 g.) in dry Et,O (15c.c.) with 
HCl, in the presence of ZnCl, (1 g.). Next day an excess of Et,O was added, the solvent de- 
canted, and the solid residue hydrolysed by boiling with H,O (50 c.c.) for 15 min. After cooling, 
the ketone, which had partially separated in the course of the hydrolysis, was collected and re- 
crystallised from EtOH, forming colourless rectangular prisms (1-7 g.), m. p. 141—142° (Found : 
C, 62-5; H, 6-4. C,,H,,O, requires C, 62-9; H, 6.7%). This compound gives with alc. FeCl, 
a brownish-purple coloration, which is unchanged by the addition of H,O. Acetylation of the 
compound (0-25 g.) with Ac,O and pyridine (1 c.c.) at 37° for 3 days furnished the aceéate, 
which crystallised from 50% EtOH and then from 50% AcOH in needles, m. p. 86—87° (Found : 
C, 62-1; H, 6-4. C,,;H,,O0, requires C, 61-9; H, 6-4%). 

A second product could not be isolated either by extraction of the crude solid with 10% 
aq. Na,CO, or by prolonged hydrolysis of the aq. liquors left after the separation of the cryst. 
ketone. 

(B) Methylation of phloracetophenone (3 g.) with MeI (10 c.c.) and K,CO, (9 g.) in acetone 
(30 c.c.) during 3 hr. gave rise to 2-hydroxy-4 : 6-dimethoxy-3-methylacetophenone (1 g.), 
m. p. and mixed m. p. 141—142° after purification [Found: C, 62-8; H, 7:0; OMe, 29-5. 
C,H,0,(OMe), requires C, 62-8; H, 6-7; OMe, 29-5%]. The same product was obtained 
when the methylation was continued for 30 hr. and in neither case was a second compound formed. 

(C) Treatment of methylphloracetophenone (0-3 g.) with Mel (3 c.c.) and K,CO, (1 g.) in 
boiling acetone (7 c.c.) for 3 hr. gave rise to 2-hydroxy-4 : 6-dimethoxy-3-methylacetophenone, 
m. p. and mixed m. p. 143—144° after purification. 

2-Hydroxy-4 : 6 : 4’-trimethoxy-3-methylchalkone (X1X).—A solution of the foregoing ketone 
(1-5 g.) and anisaldehyde (1-2 g.) ina mixture of EtOH (24 c.c.) and H,O (6c.c.) containing KOH 
(6 g.) was kept for 12 hr., diluted with H,O, and acidified with HCl. The chalkone thus pptd. 
was collected and crystallised from EtOH, forming orange-yellow needles (2 g.), m. p. 134—135° 
[Found : C, 69-5; H, 5-9; OMe, 28-2. C,,H,,0,(OMe), requires C, 69-5; H, 6-1; OMe, 28-4%]. 
It is readily sol. in Et,0, AcOEt, or hot EtOH and gives a brown coloration with alc. FeCl . 
Acetylation of the chalkone (0-3 g.) with Ac,O (5 c.c.) and AcONa (0-3 g.) on the steam-bath 
for 3 hr. gave the acetate, which separated from EtOH in pale straw-coloured, hexagonal plates, 
m. p. 148° after sintering at 145° (Found: C, 67-7; H, 6-1. C,,H».0.4 requires C, 68-1; H, 6-0%). 
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5:7: 4’-Trimethoxy-8-methylflavanone (XX).—The foregoing styryl ketone (1 g.) was boiled 
with a mixture of EtOH (75 c.c.) and H,SO, (15c.c.) for 15 hr. After the addition of an excess of 
H,0 the flavanone was isolated by means of Et,O and crystallised from MeOH, forming colourless 
rhombic plates, m. p. 144°, which do not give a FeCl, reaction (Found: C, 69-7; H, 6-0. 
C,,9H.,O0, requires C, 69-5; H, 6-1%). 

2 : 4’-Dihydroxy-4 : 6-dimethoxy-3-methylchalkone.—A mixture of 2-hydroxy-4 : 6-dimethoxy- 
3-methylacetophenone (0-5 g.) and p-hydroxybenzaldehyde (0-4 g.) was heated on the water- 
bath with aq. EtOH (8 c.c.) containing KOH (3 g.) for 6 hr. On isolation the chalkone was 
washed with C,H, to remove traces of unchanged ketone and crystallised from EtOH, forming 
orange-red flat needles, m. p. 199—200°, which gave a brown FeCl, reaction (Found: C, 68-5; 
H, 6-0. C,,H,,0, requires C, 68-8; H, 5-7%). The diacetate separated from EtOH in colourless 
rectangular prisms, m. p. 135° (Found : C, 66-3; H, 5-6. C,.H,.O, requires C, 66-3; H, 5°5%). 

Ethyl 2-Acetyl-3 : 5-dimethoxy-6-methylphenoxyacetate—A mixture of 2-hydroxy-4: 6-di- 
methoxy-3-methylacetophenone (1 g.), ethyl bromoacetate (2 g.), K,CO, (2 g.), and acetone 
(15 c.c.) was refluxed for 8hr. After the addition of H,O the aq. mixture was filtered to remove 
a small amount of cryst. uncharged ketone and extracted several times with Et,0. Evaporation 
of the dried extracts left the ester (0-2 g.), which solidified and was purified by repeated crystn. 
from light petroleum (b. p. 60—80°), forming needles, m. p. 70° (Found: C, 60-6; H, 7-0. 
C, 5H »O, requires C, 60-8; H, 6-8%). The compound is readily sol. in MeOH or EtOH and does 
not give a reaction with alc. FeCl). 

Unlike 4: 6-O-dimethylphloroacetophenone (Kostanecki and Tambor, Ber., 1909, 42, 
909), 2-hydroxy-4 : 6-dimethoxy-3-methylacetophenone does not condense with ethyl bromo- 
acetate in an alc. solution of NaOEt. 
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115. The Constitution of the Chlorination Products of Benzanthrone. 
By R. S. Cann, W. O. JONEs, AND J. L. SIMONSEN. 


MucH uncertainty exists regarding the constitution of the chlorination products of benz- 
anthrone (cf. Martinet and Drobatschev, Chim. et Ind., 1929, 21, 227). Although con- 
stitutions have been assigned to them from time to time in the patent claims (e.g., G.P. 
193959, 436533 ; E.P. 20837), no direct proof has, so far as we are aware, yet appeared in 
the scientific literature. 

Treatment of benzanthrone with a variety of chlorinating agents leads first to a mono- 
chlorobenzanthrone, m. p. 176°, and further chlorination of either benzanthrone or this 
chloro-derivative yields a mixture of two dichlorobenzanthrones, m. p. 267—268° and 218° 
(occ. cit.). The directions given in the patent literature for the preparation of the mono- 
chloro-compound by the potassium chlorate method led (on a laboratory scale) to a mixture 
containing mostly the two dichloro-derivatives. The monochloro-compound was, how- 
ever, readily prepared by means of dichloramine-7, and, when pure, melted at 182— 
183° (cf. Liittringhaus and Neresheimer, Annalen, 1929, 473, 259). The dichlorination of 
benzanthrone appeared to be very sensitive to small changes in the experimental con- 
ditions, with the result that the proportions in which the isomerides were formed varied 
considerably. We believe that the two isomerides isolated are not the sole products 
formed in the reaction, although we were not successful in isolating any other derivative 
in a pure state. 

It was readily established that chlorination occurs in the first place in the Bz-nucleus, 
since oxidation of chlorobenzanthrone, m. p. 182—183°, yielded anthraquinone-l-carboxylic 
acid identical with that obtained from benzanthrone itself. We consider that position 
13 is the most probable site for this chlorine atom, and shall name the compound, m. p. 
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182—183°, 13-chlorobenzanthrone (II), although there is, in our opinion, no conclusive 
proof of this orientation. Arguments which can be devised involving the formation of 
dibenzanthrones, isodibenzanthrones or dibenzanthranoyls from halogenobenzanthrones 
by the use of alkali or of copper powder at a high temperature appear to us invalid owing 
to (a) the great mobility of halogen atoms attached to the Bz-nucleus of benzanthrone and 
(6) the peculiar tautomerism of the benzoyldinaphthyls reported by Liittringhaus and 


Neresheimer (loc. cit.). 
In an attempt to synthesise 13-chlorobenzanthrone according to the scheme 


the chloro-ketone (I) was prepared, but the benzanthrone ring closure could not be effected. 

Dichlorobenzanthrone, m. p. 218°, yielded on oxidation 8-chloroanthraquinone-1-carb- 
oxylic acid, identical with that obtained from 8-chloro-l-aminoanthraquinone by the 
Sandmeyer reaction. The position 8 for the second chlorine atom in this dichlorobenz- 
anthrone is thus assured. 

Dichlorobenzanthrone, m. p. 267—268°, yielded on oxidation 6-chloroanthraquinone-l- 
carboxylic acid, identical with that obtained from 6-chlorobenzanthrone, the constitution 
of which was determined by its synthesis (see below). The position 6 of the second chlorine 
atom in dichlorobenzanthrone, m. p. 267—268°, is thus proved, and it has been confirmed 
by the preparation of this compound by chlorination of 6-chlorobenzanthrone. 

We are thus able to assign the following constitutions: m. p. 182—183°, 13-chloro- 
benzanthrone; m. p. 218°, 8 : 13-dichlorobenzanthrone; m. p. 267—268°, 6 : 13-dichloro- 
benzanthrone. 

During the above work it was necessary to identify 6- and 8-chloroanthraquinone-l- 
carboxylic acids. A review of the literature showed that the series of chloroanthraquinone- 
1-carboxylic acids was incomplete, and the melting point of the acid was not in every case 
characteristic. We therefore completed the series : 


Chloroanthraquinone-1-carboxylic acids. 


Position M. p. of M. p. of 
of Cl. acid. methy] ester. References. 


2- 176—177° — 1.G., F.P. 659962. 
3- 297—299 — Scholl and Seer, Ber., 1922, 55, 116. 
286—287 — Keimatsu, Hirano, and Tanabe, J. Pharm. Soc. Japan, 1929, 49, 


(decomp.) 85. 
4- 229 188—189° Stanley and Adams, J. Amer. Chem. Soc., 1931, 58, 2364. 


(decomp.) 
5- about 306 181 
6- 306 190—191 Scholl and Seer, Joc. cit. 


7- 262—264 193—194 
8- 228—231 124—125 


(If the substance is new, the m. p. is in italics. All the m. p.’s are our own determinations except 
those of the 2- and the 3-chloro-acid.) 


We are indebted to Professor Adams for a specimen of the ester of the 4-chloro-acid. 
The 5-chloro-acid was prepared by the Sandmeyer reaction from 5-chloro-l-aminoanthra- 
quinone, the 7-chloro-acid by oxidation of 7-chlorobenzanthrone. The 6- and the 8-chloro- 
acid have been referred to previously. 

By condensation of oxalyl chloride with 6-chloroanthracene in the presence of aluminium 
chloride Butescu (Ber., 1912, 45, 1213; 1913, 46, 212) prepared a chloroaceanthrenequinone, 
which gave on oxidation an acid, m. p. 260°. He did not attempt to orient this acid, but 
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called it 8-chloroanthraquinone-l-carboxylic acid. It is obviously the 7-chloro-acid, and 
the chloroaceanthrenequinone has the formula (III). 


CO—CO CO—CO 





am) C (IV.) 


il 
Sal Cl 

By a similar reaction Butescu prepared from «-chloroanthracene an «-chloroaceanthrene- 
quinone. He states that this yields on oxidation an a-chloroanthraquinone-1l-carboxylic 
acid, m. p. 205°. Nosuch melting point is given in the above table. We repeated Butescu’s 
experiment and obtained 5-chloroanthraquinone-l-carboxylic acid, m. p. about 306° 
(methyl ester, m. p. 181°). Butescu’s melting point is probably a clerical error. The 
chloroaceanthrenequinone is therefore (IV). 

Stelzner (‘‘ Literatur-Register,” 1912—1913, p. 1157) lists Butescu’s «- and @-chloro- 
acids as the 8- and the 7(or 2)-chloro-acid, respectively, but, as stated, this orientation 
was not given by Butescu. 

It may be noted that oxalyl chloride has condensed in both cases with the unsubstituted 
ring. 
Our work necessitated the preparation of 6-chlorobenzanthrone (cf. Scholl and Seer, 
Ber., 1922, 55, 109). These authors report that condensation of m-nitrobenzoyl chloride 
with naphthalene gives m-chlorophenyl «-naphthyl ketone, m. p. 77—79°, which is stated 
to be yellow: we obtained, however, both the «- and the $-naphthyl ketone, m. p. 86° 
and 143°, respectively, which are colourless. The constitution of these ketones is deter- 
mined by the fact that the former (V) gives a 2 : 4-dinitrophenylhydrazone only slowly, and 
readily gives a benzanthrone (VII), whereas the latter (VI) rapidly forms the 2 : 4-dinitro- 
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phenylhydrazone and does not give a benzanthrone. The dinitrophenylhydrazone of (V) 
was isolated in two forms, which are probably cis-irans isomerides (cf. Bredereck, Ber., 1932, 
65, 1833), but only one form of the derivative of (VI) was obtained. The low reactivity 
of the «-naphthyl ketone is due to the contiguity of the second ring of the naphthalene 
nucleus. It is not due to the diaryl nature of the ketone, since benzophenone (as well 
as the 6-naphthyl ketone) very readily reacts with 2: 4-dinitrophenylhydrazine. It is 
not necessary to separate the isomeric ketones if it is desired to prepare the benzanthrone ; 
this can readily be isolated if the crude mixture is subjected to ring closure. 

Condensation of #-chlorobenzoyl chloride with naphthalene in the presence of aluminium 
chloride gave similarly a semi-solid material which was obviously a mixture of a- and 
8-naphthyl derivatives, as in the m-chloropheny] series. In this case, however, only the 
a-naphthyl ketone was isolated in a pure state. The semi-solid mixture and the pure 
a-naphthyl ketone both yielded 7-chlorobenzanthrone, but in both cases the yield was 
poor, as noted by Scholl and Seer (loc. cit.). 

We have also prepared for comparison 7 : 13-dichlorobenzanthrone, m. p. 251—252°, by 
chlorination of 7-chlorobenzanthrone. The position of the entering chlorine atom is 
assumed by analogy. 
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EXPERIMENTAL. 


13-Chlorobenzanthrone.—Benzanthrone (9-25 g.), dichloramine-T (4-95 g.; 1 mol.), and 
conc. HCl (1 c.c.) in ACOH (180 c.c.) were heated on the water-bath until no reactive Cl remained 
(10 hr.). When cold, needles (4-95 g.; m. p. 154—168°) separated, and a further 4 g. of the 
same material were obtained by dilution. The products were united and the 13-chlorobenz- 
anthrone was crystallised (6 times) to const. m. p. (182—183°) from AcOH (Found: Cl, 13-7. 
Calc. for C,;,H,OCI1: Cl, 13-4%). 2 

Chlorination of 6-Chlorobenzanthrone.—6-Chlorobenzanthrone (2 g.), chloramine-T (85%, 
2-2 g.; 1 mol.), and conc. HCl (0-6 c.c.) in AcOH (80 c.c.) were heated on the water-bath for 
77 hr.; 96% of the available Cl had then disappeared. The cooled solution deposited impure 
6 : 13-dichlorobenzanthrone, m. p. 240—245°, raised to 263—265° by crystn. from AcOH and 
Ac,O, followed by sublimation in vac. Mixed with the product, m. p. 267—268°, obtained 
by direct chlorination of benzanthrone, this material had m. p. 264—267°. Dilution of the 
original ACOH mother-liquor gave an impure product containing much 6-chlorobenzanthrone. 

Preparation of 7-Chlorobenzanthrone.—AlIC]l, (49 g.) was added during 45 min. to a mixture 
of p-chlorobenzoy] chloride (49 g.) and C,,H, (40-5 g.) in dry CCl, (135 g.) at 0°. Reaction was 
sluggish, but commenced when the mixture was allowed to warm slightly ; further cooling then 
kept it under control. The mixture was kept at 0° for 4 hr. and then at room temp. for 135 
hr. The separated solid was added to conc. HCl (370 c.c.) and H,O (1250 c.c.), and the C,H, 
removed by distillation in steam. The insol. tar remaining in the distillation vessel was boiled 
with 4% NaOH aq. (400 c.c.) and then repeatedly with EtOH, which did not dissolve a quantity 
of a dark solid. The EtOH deposited about 3-8 g. of the «-naphthyl ketone, which when pure 
had m. p. 127—128°. The oil from the mother-liquors was extracted with Et,O, which gave 
on evaporation an oily mixture of the «- and the $-naphthyl ketone (31-2 g.). This partly 
solidified on keeping in vac. The a-ketone gave (in 2 hr.) a bright red 2: 4-dinitrophenyl- 
hydrazone, m. p. 233—235°. The pure «-ketone (2 g.), when heated with AICl,—NaCl (10 g. : 2g.) 
at 160° for 2-5 hr., gave 0-05 g. of 7-chlorobenzanthrone, whereas the semi-solid mixture of 
ketones (23 g.), heated with AICl],—NaCl (115 g. : 23 g.) at 130—150° for 11 hr., gave 0-65 g. of 
7-chlorobenzanthrone, m. p. 188—190°. 

7 : 13-Dichlorobenzanthrone.—7-Chlorobenzanthrone (0-3 g.) was heated on the water-bath 
for 8 hr. with an approx. N-solution of Cl in AcOH (20 c.c.). The solution was filtered at 
about 40°; the insol. matter, mostly dichlorobenzanthrone, had m. p. 230—240°. The sub- 
stance obtained from the mother-liquor was rechlorinated and then yielded a further amount 
of dichloro-derivative. Recryst. twice from AcOH (sol. in boiling AcOH, ca. 0-5 g. in 100 c.c.), 
7: 13-dichlorobenzanthrone was obtained in rosettes of pale yellow needles, m. p. 251—252° 
(Found : C, 67-9; H, 3-2. C,,H,OCI, requires C, 68-2; H, 2-7%). 

a- and B-Naphthyl m-Chlorophenyl Ketones.—Condensation of m-chlorobenzoyl chloride 
(41-5 g.; b. p. 111—112°/21 mm.) with C,)H, (34-2 g.) according to the directions of Scholl 
and Seer (loc. cit.) gave a gum; crystals were obtained by grinding a portion with Et,O, and 
the whole, when seeded, readily crystallised. It formed yellow prisms from EtOH (47-5 g.; 
73% theo.), which melted from 78—105°, although only a little solid remained above 79°. 
Purification could not be effected by means of EtOH, MeOH, or C,H,, but when a large 
amount of EtOAc was used a first fraction, m. p. 141—142°, was obtained. Crystn. of this 
substance from MeOH, in which it was sparingly sol. (ca. 1 g. in 100 c.c.), gave pure m-chloro- 
phenyl B-naphthyl ketone, m. p. 143° (Found: C, 76-4; H, 4:5; Cl, 13-2. C,,H,,OCl requires 
C, 76-5; H, 4:2; Cl, 13-3%). Subsequent fractions obtained from the EtOAc liquor consisted 
mainly of the «-naphthyl ketone, which after further treatment with EtOAc and repeated 
crystn. from MeOH formed colourless needles, m. p. 86° (Found: Cl, 13-2%). 

When the $-naphthyl ketone (0-5 g. in hot EtOH, 60 c.c.) was added to a cold solution of 
2: 4-dinitrophenylhydrazine (0-4 g.) and H,SO, (0-8 c.c.) in EtOH (6 c.c.), an orange-red 
dinitrophenylhydrazone was immediately pptd.; it was kept over-night, collected, extracted 
with hot EtOH, and recrystallised first from C,H,—ligroin and then from C,H,;N; m. p. 264— 
265° (decomp.) after sintering (Found: N, 13-0. C,.H,,0,N,Cl requires N, 12:9%). The 
a-naphthyl ketone gave no immediate ppt. under similar conditions and the hydrazone form- 
ation was incomplete after a week at room temp.; the 2: 4-dinitrophenylhydrazone (m. p. 
188—221°), when recryst. from C;H,N, gave a less sol. scarlet form, m. p. 247° (Found: N, 
12-9%), and an orange form, m. p. 198—200° (Found : N, 12-7%); the latter was obtained on 
dilution of the C;H,N liquors with H,O and recrystn. of the ppt. from C;H,;N oracetone. That 
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the low reactivity of the «-naphthyl ketone is due to the proximity of the second ring of the 
C,H, nucleus is shown by the immediate formation under similar conditions of benzophenone- 
2: 4-dinitrophenylhydrazone; this forms reddish-orange plates, m. p. 232°, from EtOAc 
containing a little EtOH (Found: N, 15-6. Calc. for CjgH,,O,N,: N, 15°5%). 

When treated with a little AlCl, as described by Scholl and Seer, the pure «-naphthyl ketone 
(2 g.) gave pure 6-chlorobenzanthrone (0-9 g.), m. p. 187°. The crude ketone (15 g.) gave 4:5 g. 
The 8-naphthyl ketone gave only indefinite materials, which in conc. H,SO, gave pale brown 
colours similar to that given by the ketone. 

Preparation of 5: 8-Dichloro-a-naphthyl Phenyl Ketone—A mixture of 5: 8-dichloro-a- 
naphthoic acid (6-5 g., m. p. 181—185°), freshly distilled PCl, (2-72 g.; 1-1 mols.), and dry 
C,H, (73 c.c.) was heated under reflux until evolution of HCl ceased (45 min.). The acid 
almost completely dissolved, but, after about 20 min., a yellow cryst. material was deposited. 
The mixture was cooled to 0°, and freshly prepared AICI, (7-95 g.) added. The whole was 
heated gradually until reaction commenced (at about 70°) and then under reflux for 8-5 hr. 
The C,H, solution was decanted and treated at 0° with conc. HCl (40 c.c.) in H,O (90 c.c.). 
After removal of the C,H, in steam, the insol. semi-solid residue was boiled with 4% NaOH aq. 
(100 c.c.), washed twice by decantation with H,O, and extracted with hot EtOH. A small 
quantity of inorg. material was thus eliminated. Removal of the EtOH left a dark gum, which 
was taken up in Et,O, washed with H,O until the aq. layer was colourless (5 times), dried, and 
recovered as an oil which slowly and partly solidified. When dissolved in hot EtOH and 
allowed to cool, this deposited at first an oil; the solution decanted from this oil then deposited 
the required ketone in needles (2 g.), which after crystn. from EtOH had m. p. 93° after previous 
sintering (Found: C, 67-0; H, 3-0. C,,H OCI, requires C, 67-8; H, 3-3%). 

When this ketone was heated with AICl,-NaCl at 155—165° for 6 hr., evolution of HCl 
took place: the product was worked up in the usual manner. It was almost entirely sol. 
in Et,O and the sparingly sol. portion had an indefinite m. p. (160—250°) and gave in H,SO, 
a non-fluorescent, pale brownish-red solution. Since the pure ketone behaved similarly, it 
was concluded that no benzanthrone formation had taken place. 

5-Chloroanthraquinone-l-carboxylic Acid.—5-Chloro-l-aminoanthraquinone forms scarlet 
needles, m. p. 215—217°, from AcOH; the acetyl derivative crystallises from AcOH in orange 
needles, m. p. 218—220° (Found: N, 4-9. C,gH,,O;NCl requires N, 4-7%). A solution of 
NaNO, (3-5 g.) in conc. H,SO, (20 c.c.) was added slowly to a solution of 5-chloro-l-amino- 
anthraquinone (10 g.) in H,SO, (50 c.c.). Diazotisation was complete in 5—10 min. and 
addition to ice (250 g.) pptd. the diazonium sulphate, which was collected, drained, and gradually 
added to a hot KCu(CN), solution (prepared from CuSO,,5H,O, 10-5 g.). After heating on the 
water-bath for 2 hr., the yellow product was collected, extracted twice with hot 3% NaOH aq., 
and dried. The nitrile could not be purified. The alkali extracted an acidic product which 
was not further investigated. The crude nitrile (5-5 g.) was gently boiled with H,SO, (75 c.c. 
in H,O, 20 c.c.) for 20 min.; a yellow sublimate (not «-chloroanthraquinone) then formed in 
small quantity. The dark solution was poured on ice, the product collected, and the acid 
extracted therefrom with hot Na,CO, aq. The acid was best purified by way of the methyl 
ester, which formed pale yellow needles, m. p. 181°, from MeOH (Found: C, 64:1; H, 3:3. 
C,,H,O,Cl requires C, 63-9; H, 30%). The m. p. of the ester was unchanged by admixture 
with the ester prepared from Butescu’s a-chloroanthraquinone-l-carboxylic acid. It was 
hydrolysed by boiling for 20 hr. with HCI-AcOH (1:1). 5-Chloroanthraquinone-1-carboxylic 
acid formed yellow neiles, m. p. 306° (decomp.), from AcOH (Found: C, 63-0; H, 3-0. 
C,,H,O,Cl requires C, 62-8; H, 25%). The m. p. of the acid varies greatly with the rate of 
heating and is unreliable for identification, for which purpose, however, the methyl ester is 
suitable. 

8-Chloroanthraquinone-1-carboxylic Acid.—8-Chloro-1-aminoanthraquinone forms red needles 
from AcOH, m. p. 225—227° (Found: N, 5-75. C,,H,O,NCI requires N, 5-4%). The acetyl 
derivative crystallises from AcOH in rosettes of pale yellow needles, m. p. 223—225° (Found : 
Cl, 11-8. C,gH,gO,NCl requires Cl, 11-8%). This base (3-5 g.) in H,SO, (18 c.c.) was rapidly 
diazotised by NaNO, (1-0 g.) in H,SO, (17 c.c.) at room temp. The solution was poured on ice, 
and separation of the diazonium sulphate increased by addition of Na,SO,. The diazonium 
salt in suspension in H,O was converted into the nitrile by KCu(CN), solution in the usual way 
and the crude nitrile (1 g.) was hydrolysed by gentle boiling with conc. H,SO, (9 c.c.) and H,O 
(3 c.c.) for 15 min. Dilution and extraction of the ppt. with alkali gave crude 8-chloroanthra- 
quinone-1-carboxylic acid (0-4 g.) as a brown powder, m. p. 228—232°, alone or mixed with the 
acid obtained from 8 : 13-dichlorobenzanthrone. The methyl ester formed pale yellow needles 
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from MeOH, m. p. 124—125°, not depressed by admixture with the ester obtained from 
8 : 13-dichlorobenzanthrone. 

Oxidation of Benzanthrones.—This was best carried out by A. G. Perkin’s method (J., 1920, 
117, 706), which gave good yields in all cases. The acids were crystallised from AcOH, and the 
esters from MeOH. The following substituted anthraquinone acids were thus prepared, 
identity being confirmed in each case by mixed m. p. determinations: (a) 6-chloro-, m. p. 
306° [methyl ester, m. p. 190—191° (Found: C, 64-1; H, 3-3. C,,H,O,Cl requires C, 63-9; 
H, 30%); acid chloride, pale yellow prisms from C,H,, m. p. 234—236° (decomp.) after previous 
sintering (Found: Cl, 22-9. C,;H,O,Cl, requires Cl, 23-3%)], from 6-chloro- and 6: 13-di- 
chloro-benzanthrones: (b) 8-chloro-, m. p. 228—232° [methyl ester, m. p. 124—125° (Found : 
C, 64-1; H, 3-3%)], from 8 : 13-dichlorobenzanthrone; (c) 7-chloro-, m. p. 262—264° (Found : 
C, 62-9; H, 3-0. C,;H,O,Cl requires C, 62-8; H, 2-5%) [methyl ester, m. p. 193—194° (Found : 
C, 63-5; H, 3-0%)], from 7-chlorobenzanthrone (Scholl and Seer, Joc. cit.). Anthraquinone-1- 
carboxylic acid itself, m. p. 289° (decomp.), was obtained from benzanthrone and 13-chloro- 
benzanthrone. 


The authors gratefully acknowledge a grant from Imperial Chemical Industries, Ltd. 
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ANNUAL GENERAL MEETING. 


THE Annual General Meeting was held on Thursday, March 30th, 1933, at 4 p.m., the 
President, Professor G. G. HENDERSON, M.A., D.Sc., F.R.S., being in the Chair. 

After the notice summoning the meeting had been read, the President presented the 
Report of Council for 1932—1933, together with the Balance Sheets and Statements of 
Accounts for 1932, and asked the Treasurer to comment on the finances of the Society. 

In making his statement, the Treasurer dealt with the Accounts in detail. He pointed 
out that notwithstanding the credit balance of £12 16s. 1d., he did not consider that the 
financial difficulties had been permanently overcome, because the balancing of the budget 
was not due to an increase of income from internal sources, but mainly to donations received 
from outside. He referred to the large amount due for outstanding subscriptions, and 
again appealed to those Fellows who had fallen behind in their payments to make every 
effort to remit these at an early date. In conclusion, he expressed the hope that Fellows 
would do their utmost to induce Chemists to join the Society and support the Council in 
its efforts to increase the membership. If the 1926 level, when there were 4093 Fellows, 
could be reached, the Society would be established in a strong financial position and the 
Council relieved of anxiety. 


REPORT OF COUNCIL, 1932—1933. 


I. Fellowship Statistics. 


THE number of Fellows at December 31st, 1931, was 3775. In 1932, 141 Fellows were 
elected and 14 reinstated (compared with 165 and 7, respectively, in 1931), making a gross 
total of 3930. The Society has lost 43 Fellows by death, 166 by resignation, and 113 by 
removal for non-payment of annual subscriptions (the corresponding figures in 1931 being 
61, 97, and 79, respectively). The resignations and removals were higher in 1932 than in 
1931 because a number had been held over by the Council from the previous year. The 
number of Fellows at December 31st, 1932, therefore, was 3608, showing a decrease of 167, 
as against 65 in 1931. 

The number of new Fellows elected in 1932 is 45 below the average of the past five years, 
and the Council hopes that the decision to allow Fellows under 25 years of age to pay a 
reduced annual subscription and the steps taken to increase interest in the activities of 
the Society will have a beneficial effect on the number of Fellows elected in 1933. 

During the year, the Society has lost one of its Honorary Fellows, Professor Wilhelm 
Ostwald (elected in October 1929, and died on April 4th). 


II. Jubilee Fellows. 


Sixty years. 
Elected. 
Thomas Williams December 5th, 1872. 


Fifty years. 

Launcelot Winchester Andrews May 4th, 1882. 
Sir John Gustav Jarmay November 16th, 1882, 
Thomas Rennie Cowie ..: December 7th, 1882. 
Frederick Woodward Branson December 7th, 1882. 
John Thomas Dunn December 7th, 1882. 
George Gray December 7th, 1882. 
Alfred Graveley Howard December 7th, 1882. 
James Lewes Howe December 7th, 1882. 
Robert Henry Parker December 7th, 1882. 
Alfred Henrick Jackson February Ist, 1883. 
Frederic William Richardson February Ist, 1883. 
Ernest Samuel Spencer February Ist, 1883. 
Thomas Turner February Ist, 1883. 
Septimus Dyson March Ist, 1883. 
David Hooper March Ist, 1883. 
James Ernest Marsh March Ist, 1883. 
Frank Scudder March Ist, 1883. 

March Ist, 1883. 
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III. Journal. 


The Journal for 1932 contains 2999 pages, of which 2880 pages are occupied by 457 
memoirs and 34 notes, and the remaining 119 pages by three lectures (57 pages), the 
Presidential address (10 pages) Obituary Notices (33 pages), and the account of the Annual 
General Meeting (19 pages). Of the 510 papers offered in 1932 for publication in the 
Journal, 18 were declined, the corresponding numbers for 1931 being 583 and 21; of those 
published, 160 deal with General, Physical, and Inorganic Chemistry, and 331 with Organic 
Chemistry. The average interval between the receipt and the publication of a paper has 
remained unchanged. 

In January 1933 the size of the Journal page was increased to 10” x 7} and a slightly 
heavier and thicker paper brought into use. 


IV. Abstracts. 


The number and average length of the Abstracts in Sections “ A ” and “‘B” published 
during 1932, with the comparative figures for 1931, are as follows: 


A. B. 
Average Average 
Number of Number length of Number of Number length of 
Abstracts. of pages. Abstract. Abstracts. of pages. Abstract. 
an 12,549 1296 0-21 col. 13,015 1138 0-18 col. 
ne 12,381 1466 0-24 col. 11,709 1156 0-20 col. 


The 12,549 “‘A”’ Abstracts comprised 6060 in General, Physical, and Inorganic Chemistry, 
364 in Geochemistry, 2603 in Organic Chemistry, and 3522 in Biochemistry. The corre- 
sponding figures for 1931 were 6026, 275, 2726, and 3354. Of the 13,015 “‘B” Abstracts 
5937 were from Journal literature and 7078 were abstracts of Patents (in 1931: 5086 
and 6623, respectively). 

The arrangement with the American Chemical Society for collaboration in the prepar- 
ation of abstracts, to which reference was made last year, has unfortunately proved to be 
impracticable, and has been abandoned after a complete year’s trial. 

An arrangement for the exchange of abstracts with “‘ Nutrition Abstracts and Reviews ” 
has just been put into operation; it is hoped thereby to extend the usefulness of the 
Abstracts in this branch of Science. 


Index. The joint Annual Index for the Abstracts for 1931 covered 594 pages as com- 
pared with 705 pages for the 1930 Index. Notwithstanding the reduction of more than one 
hundred pages, the actual number of entries in the Index increased slightly, from about 
77,250 in 1930 to 78,000 in 1931. 


Decennial Index. The printing of the Decennial Index is to be entrusted to Messrs. R. 
Clay & Sons, Ltd., and it is hoped that the Names section of the Index will be ready for 
issue early in 1934. 

V. Library. 

Excluding the evenings on which meetings of the Society were held, there 
were 8400 attendances during the past year as compared with 8263 in 1931. Of the 8400, 
5233 were made by Fellows of the Society, and 3167 by Members of Contributing Societies, 
as against 2793 in 1931. 

The number of books borrowed during 1932 was 5724, compared with 5660 the previous 
year ; of these, 1368 were issued by post, as against 1349 in the preceding year. 

The additions to the Library comprise: 184 books, of which 66 were presented, 726 
volumes of periodicals, and 380 pamphlets ; as against 232 books, 744 volumes of periodicals, 
and 203 pamphlets last year. The Library now contains 36,642 volumes, consisting of 10,847 
books and 25,795 bound volumes of periodicals. 


VI. Reorganisation. 


In February, the Council appointed a Committee consisting of Dr. E. F. Armstrong, 
Prof. H. E. Armstrong, Mr. F. P. Dunn, Dr. R. H. Pickard, Dr. N. V. Sidgwick, Prof. 
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J. F. Thorpe, and the Officers, to inquire into the general policy and the administrative 
system of the Society, and Fellows were informed in a circular dated September 12th of 
certain decisions of the Council arising from the reports of this Committee. In the following 
statement, the action already taken and the future policy of the Council are summarised : 


Local Representatives. In order that Fellows resident outside London may be more 
intimately associated with the affairs of the Society, 18 Local Representatives have been 
appointed in various areas (see Proceedings, p. 95), who will advise the Council on matters 
affecting the Society in their respective areas. The Local Representatives will meet the 
officers in London once every year so that they may keep in touch with the activities of 
the Society. 


Meetings outside London. An adequate proportion of the endowed and special lectures 
will be given outside London. Other meetings devoted to lectures or discussions of a 
general character will also be arranged by the Local Representatives in consultation with the 
Honorary Secretaries, all such meetings being held under the direct auspices of the Society 
and in close co-operation with existing chemical organisations. 


Meetings in London. A number of the Ordinary Scientific Meetings are devoted to 
organised discussions; papers for reading at the other meetings are selected by the 
Honorary Secretaries. 


Journal. The publication of comprehensive papers is to be encouraged and authors 
are to be asked to write their papers so as to appeal to the widest possible circle of chemists, 
and not exclusively to specialists; the senior author of a series of papers is to be given 
opportunity to submit for publication from time to time a considered review of work which 
has already appeared in the Journal. For reasons of economy, symbols and abbreviations 
in commonly used words are to be employed in descriptions of experimental work, which 
is to be printed in smaller type; titles of papers are to be as concise as possible, and only one 
Christian name of each author and the minimum of space for acknowledgments and addresses 
are to be allowed. 


Finance and General Purposes Committee. The name of the Finance Committee has 
been altered to the Finance and General Purposes Committee, of which the President is 
Chairman, the Treasurer Vice-Chairman, and the Chairmen of all Standing Committees 
ex-officio members. The functions of the Committee are: 


(a) To consider and report on all questions of finance and other matters referred to 
it by the Council. 

(b) To make recommendations regarding the personnel of all Standing Committees, 
and to consider the nomination of candidates for office when vacancies occur. 

(c) To carry out the work hitherto performed by the House Committee. 


Service on Committees. The period of continuous service on all Committees is limited 
to five years for a member and seven years for the Chairman. 


Election of Council, The method of nomination and election to the Council is to be 
as democratic as possible, with the object of ensuring frequent changes in its personnel and 
encouraging Fellows to take an active interest in the Society. 


Fellows under 25 years of age. The Council decided to seek power to allow Fellows who, 
at the time of election, are under the age of 25, to have the option of paying a reduced 
annual subscription until the end of the year in which they attain that age, provided they 
forego the receipt of certain publications of the Society. 


Appointment of a Third Secretary. In view of these changes, it was decided to seek 
power to appoint three Honorary Secretaries and to limit the period of service of an 
Honorary Secretary to six consecutive years. 
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VII. Changes in Bye-Laws. 


To make certain of these resolutions operative a revision of the relevant Bye-Laws 
was necessary. At an Extraordinary General Meeting held on December 16th to consider 
the alterations proposed by the Council (notice of which had been sent to Fellows on 
November 29th) the Bye-Laws, as revised, were unanimously adopted. 


VIII. General. 


Lectures. The Fourth Liversidge Lecture, entitled ‘‘ Physical Atomic Weights,” was 
delivered by Dr. F. W. Aston in the Medical Lecture Theatre of the University of Birming- 
ham on November 25th, and the Ostwald Memorial Lecture by Prof. F. G. Donnan, in the 
Chemistry Lecture Theatre of the University of Liverpool, on January 27th. 

Prof. P. Debye will deliver the Fifteenth Faraday Lecture, entitled “‘ The Relations 
between Stereochemistry and Physics,’’ which will be given on Wednesday, March 29th, 
in the Lecture Theatre of the Royal Institution (by the courtesy of the Managers), and 
the Sixth Hugo Miiller Lecture, entitled ‘‘ Chemistry at the Cross Roads,” will be delivered 
by Prof. H. E. Armstrong on May 25th in the Meeting Hall of the Institution of Mechanical 
Engineers, Storey’s Gate, S.W.1. 


Discussions. Three discussions have been held, the first, entitled ‘‘ Combustion 
of Gases in Electric Discharges,’’ being opened by Prof. G. Ingle Finch on November 
17th; the second, on “ The Chemistry of the Sterols and Bile Acids,” opened by Prof. 
I. M. Heilbron on December 15th, and the third, on ‘“‘ The Raman Effect in Relation to 
some Chemical Problems,” opened by Dr. J. J. Fox on February 16th. A further discus- 
sion, “‘ The Chemical Constitution of Oestrin,” will be opened by Dr. G. F. Marrian on_ 
March 16th. 


Representation of the Society. Mr. Emile Mond represented the Society at the Douziéme 
Congrés de Chimie Industrielle held at Prague in September, and Prof. C. S. Gibson at the 
celebration of the centenary of the granting of the Charter to the Cambridge Philosophical 
Society in November. 


Representation of the Society on other bodies. 
Representatives. 
The Bureau of Chemical Abstracts. Mr. F. P. Dunn (from January 1933), 
Prof.C.S. Gibson, Mr. A. J. Greenaway, 
Dr. J. T. Hewitt, Prof. G. T. Morgan 
(until December 1932) and the Treasurer. 
The Federal Council for Chemistry. Prof. C. S. Gibson, Sir William J. Pope, 
and Prof. J. F. Thorpe. 
British Editorial Board of the Journal of Physical Mr. E. J. Bowen (from January 1933), 
Chemistry. Prof. W. E. Garner, Prof. J. Kendall 
(until December 1932), and Prof. T. M. 
Lowry. 
Joint Committees of the Association of British Prof. W. A. Bone. 
Chemical Manufacturers dealing with the Patents 
and Designs Acts, and Medical Patents. 
Committee of the Royal Microscopical Society on Prof. F. M. Rowe. 
the Standardisation of Biological Stains. 
Committee of the British Standards Institution on Dr. J. J. Fox and Mr. E. B. Hughes. 
the Standardisation of Scientific Glassware. 


Bureau of Chemical Abstracts—The Council learned with regret of the resignation of 
Professor J. C. Philip as from the end of 1932 from the Chairmanship of the Bureau of 
Chemical Abstracts. The Council and the Council of the Society of Chemical Industry, 
acting in co-operation, have passed a special resolution expressing high appreciation of the 
signal services rendered by Professor Philip in guiding the policy of the Bureau during a 
period of nine years from its inception. The terms of the resolution, inscribed on vellum, 
will be suitably bound in a small volume containing the signatures of the Presidents of the 
two Societies and of those who have served as members of the Bureau during this period, 
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and presented to Professor Philip at the Annual General Meeting on March 30th. Professor 
G. T. Morgan has accepted the invitation of the Bureau to succeed Professor Philip as 


Chairman. 


Publication of Physical Chemistry Papers. In the report for 1931, it was stated that the 
Committee of representatives of the Chemical Society and the Faraday Society had presented 
aninterim report to the two Councils, concerning the production of a joint journal of Physical 
Chemistry, and that the subject was then still under investigation. A further report 
of this Committee, presented in March, was referred to the Publication and Finance 
Committees, and their recommendation, ‘‘ that in the best interest of British Chemistry it 
is desirable to co-operate with the Faraday Society in publishing a joint journal devoted 
to physical chemistry,” was adopted. The scheme for co-operation drawn up by the joint 
Committee was also adopted, but in view of the estimated cost of producing such a 
Journal and of the present financial position of the Society, the Council decided that the 
scheme should not be put into operation in 1933. The project is to be considered again 


during the coming year. 


Anniversary Meetings in Glasgow. A report of the last Annual General Meeting held 
in the University of Glasgow on March 18th, 1932, appeared in the Journal for April 
(pp. 1296 e¢ seg.) and an account of the Anniversary Dinner in the Proceedings for that 
month (p. 33). The thanks of the Council were conveyed to the Court of the University 
of Glasgow for hospitality received, to the Lord Provost and Corporation of Glasgow for the 
Civic Reception, to Sir Harry McGowan, K.B.E., for the visit to Nobel’s Explosives Works 
at Ardeer, to Mr. James Macleod for arranging the visit to the Provan Chemical Works, to 
the General and Executive Committees, and to Dr. W. M. Cumming and others, whose 
efforts contributed so largely to the success of the meetings. 


Secretaryships. The Council received with regret the resignation of Professor C. S. 
Gibson from the office of Honorary Secretary, and desires to record its indebtedness to 
him for the devoted service he has rendered to the Society during nine years of office. 

The Council records its appreciation of the action of Professor F. G. Donnan in 
voluntarily retiring from the office of Foreign Secretary, which he had held for nearly eight 
years, so as to facilitate the appointment of a third Secretary. On his retirement, the 
Council desires to thank Professor Donnan for the distinguished services as Foreign 
Secretary which his wide acquaintance and personal popularity among foreign chemists 
enabled him to render. 

In July, Professor S. Sugden was appointed Acting Honorary Secretary, his nomination 
as Honorary Secretary until the next Annual General Meeting being confirmed on January 


19th. 


Longstaff Medal. The Longstaff Medal for 1933 has been awarded to Professor 
W. N. Haworth and Sir James Irvine jointly for their outstanding work on the chemistry 
of the carbohydrates. The presentation was made at the Annual General Meeting on 


March 30th. 


Annual Reporis for 1932. The volume for 1932 contains, in addition to the usual 
reports, special reports covering the years 1931 and 1932 on Geochemistry and Radio- 
activity and Sub-Atomic Phenomena. 


Research Grants. The Council has decided that, in future, grants will be made in 
December of each year instead of in June and December as heretofore. During the year, 
82 applications for research grants amounting to £982 were received, and £720 10s. was 
distributed to 77 applicants, prior consideration being given to the applications of Fellows. 


General. The Council wishes to acknowledge its indebtedness to those Fellows 
who by their services have made possible the maintenance and development of the 
Society’s activities. Its thanks are specially due to the members of Committees, the referees 
of papers submitted for publication, contributors to the Annual Reports on the Progress 
of Chemistry, the special lecturers, the openers of organised discussions, and those Fellows 
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who met in London on September 26th to advise concerning the extension of the Society’s 
work outside London. The Council has also to thank Professor James Kendall, on his 
retirement, for his services as one of the Society’s representatives on the _ Editorial 
Board of the Journal of Physical Chemistry. 

The Council has received volumes of the Society’s publications from Mr. G. N. Huntly, 
Mr. C. W. Lockyer, and Mr. Emile Mond, a specially printed and bound copy of the Perkin 
Memorial Volume from the authors, a collection of portraits of distinguished foreign 
chemists from Dr. J. A. Voelcker, contributions to the Library Fund from Professor A. O. 
Gettler and Dr. P. G. Griffith, and new books from authors. To these donors the Society is 
greatly indebted. 


IX. Financial. 


Accounts. The accounts for 1932 are presented in a slightly modified and simpler form. 
Particulars relating to investments are no longer given in the respective accounts and 
balance sheets, but are now summarised at the end. 

General Purposes Account. In 1931, the deficit on General Purposes Account was 
£1221 9s. 6d., and in the last Report it was stated that steps were being taken which, it 
was hoped, would balance the budget for the coming year. In 1932, the income shows a 
decrease of £559 Os. 10d. and expenditure a decrease of £1793 6s. 5d. compared with 1931, 
thus leaving a credit balance of £12 16s. 1d. to be carried forward. Decreased income is 
mainly due to a further falling off in Annual Subscriptions to the extent of £535 17s. 

General. The thanks of the Society have been conveyed to the Council of the Royal 
Society for a speciai grant of £700 from the Government Publications Grant, to Imperial 
Chemical Industries, Ltd., for a contribution of £500 towards the Publications Fund, and 
to an anonymous donor of £200 towards the cost of the Society’s publications. The 
Council again thanks those Fellows who generously continue to subscribe to the 
Publications Fund. 
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Annual General Meeting. 461 


The adoption of the Report and Accounts, proposed by Professor E. C. C. Baly and 
seconded by Professor J. E. Coates, was carried. 

A vote of thanks to the Auditors (Professor J. C. Drummond, Mr. H. Paget, and Dr. 
H. J. S. Sand) was proposed from the Chair, seconded by the Treasurer, and carried. 

On the motion of Professor R. Robinson, seconded by Professor G. M. Bennett, Mr. 
H. Paget, Dr. H. J. S. Sand, and Mr. W. M. Colles were elected Auditors to audit the 
Accounts of the Society for 1933. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, Council, and Com- 
mittees for services during the past year proposed by Professor J. L. Simonsen and 
seconded by Dr. W. M. Cumming was carried, and acknowledged by Professor C. S. Gibson. 

A vote of thanks to the Scrutators (Dr. P. Haas and Dr. H. Phillips) appointed to 
examine the ballot papers in connexion with the election of Ordinary Members of Council 
(Country Members) was proposed by Mr. R. Craven, seconded by Professor F. Challenger 
and carried. 

The Longstaff Medals for 1933 were then presented to Professor W. N. Haworth and 
Sir James C. Irvine. In making the presentations, the President said : 


“ The award of the Longstaff Medal is the highest honour which the Council can bestow 
on Fellows of the Society who have made outstanding contributions to chemical know- 
ledge. In making the present award it is inevitable that we recall with pride the dis- 
tinguished pioneering work of one of our late Fellows, Thomas Purdie, and the Council 
records its appreciation of the investigations which have since been carried out by you, 
Gentlemen, in the laboratories of the University of St. Andrews and of the University of 
Birmingham. You have both added to the reputation of British Chemistry, for it is on 
the results of your investigations that our knowledge of the simple and complex carbo- 
hydrates is securely built and being so rapidly extended. 

“In making this award to you, Gentlemen, I have to express the hope of the Council 
that your investigations in the future will be crowned with even greater success than 
those already accomplished.” 

Acknowledgment was made by the Recipients of the medals. 


The Harrison Memorial Prize for 1932 was presented to Dr. H. J. Emeléus by the 
President, who said : 

“The Harrison Memorial Prize is regarded as an exceptional distinction to com- 
memorate an exceptional man, and is conferred upon the young chemist who in the opinion 
of those best qualified to judge has made a notable addition to our knowledge of chemistry. 
You have been chosen by the Selection Committee as the one amongst various candi- 
dates who has during the last five years conducted the most meritorious and promising 
original investigations in Chemistry. On behalf of the Selection Committee, I congratu- 
late you on the success of the investigations which you have already accomplished 
and express the hope that your future work will be even more successful.” 


Dr. Emeléus made brief acknowledgment. 


The President and the President of the Society of Chemical Industry then jointly 
presented to Professor J. C. Philip a bound and illuminated volume containing the following 
resolution : 

“The Councils of the Chemical Society and the Society of Chemical Industry record 
their high appreciation of the work which has been accomplished by Professor J. C. Philip, 
O.B.E., D.Sc., Ph.D., F.R.S., in connexion with the Bureau of Chemical Abstracts. 

‘“‘ The establishment of the Bureau in 1923 by the Councils of the Chemical Society 
and the Society of Chemical Industry constituted the first co-operative effort between 
chemical societies in this country in chemical publications. For nine years—that is, from 
its inception—Professor Philip has been Chairman of the Bureau, and the acknowledged 
success of its work in publishing Abstracts of Pure and Applied Chemistry on behalf of the 
two Societies is due almost entirely to his personal effort. He has guided the policy of the 
Bureau, and by his tactfulness overcome the difficulties which confronted a new venture. 
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By his devotion to the work he has secured for British Chemical Abstracts the highest 
reputation among the members of the two societies and an established place in chemical 
literature. 

“The Councils regret that Professor Philip cannot continue in his office of Chairman 
on account of other duties, and recognise their very great indebtedness to him for the work 
which he has so successfully accomplished.”’ 


Professor Philip, in making acknowledgment, thanked the two Councils for this mark of 
appreciation of his work for the Bureau. 


The President then delivered his Address entitled ‘“‘ The Present Position and the 
Future of the Chemical Society.” 


A vote of thanks to the retiring President for his services in the Chair during the past 
two years and for his Address, with the request that he would allow his Address to be 
printed in the Journal, was moved by Sir Robert Robertson and carried with acclamation, 
the President making acknowledgment. 


The report of the Scrutators on the ballot for the election of Ordinary Members of 
Council (Country Members) was received, and the President announced that the following 
had been elected to fill the vacancies on the Council for the year 1933—1934 : 


President.—Professor G. T. Morgan. 

Vice-Presidents, who have filled the office of President.—Professor G. G. Henderson and 
Professor W. P. Wynne. 

Vice-Presidents, who have not filled the office of President.—Professor F. G. Donnan and 
Professor C. S. Gibson. 

Honorary Secretaries.—Professor S. Sugden and Dr. J. M. Gulland. 

Ordinary Members of Council (Town Members).—Dr. J. Kenyon, Dr. G. A. R. Kon, and 
Mr. J. Davidson Pratt. 

Ordinary Members of Council (Country Members).—Dr. R. G. W. Norrish, Dr. E. H. 
Rodd, and Professor R. Whytlaw Gray. 
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PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MEETING, March 30th, 1933. 
By GEorGE GERALD HENDERSON, M.A., D.Sc., F.R.S. 


The Present Position and the Future of the Chemical Society. 


It is almost a truism that the present rapidly changing conditions of our economic and 
industrial systems must have a profound influence on the policy of the Society, which is 
concerned with the advancement of chemical knowledge on which national progress and 
well-being are so largely dependent ; and Fellows of the Society must naturally be keenly 
interested to know what steps are being taken to meet these changing conditions. Scien- 
tific societies in general and the Chemical Society in particular must be ready to modify 
their policy in accordance with the times, otherwise they will have to be succeeded by 
others established to meet the new situation. Whatever the future may bring forth, 
there will always be the necessity for a Society which has for its objects those for which 
our Society was founded ninety-two years ago. 

As regards the present position of the Society, the first thing that may be commented 
upon is the membership. The unusually heavy list of resignations of Fellows and of those 
removed for non-payment of subscriptions is a striking feature of the present report of 
Council. Actually, considering the present economic situation, we have reason to be 
surprised that the losses to the Society and the consequent diminution of income are not 
heavier than they are. Some of the resignations have been withheld for more than a year 
in the hope that they could be avoided and these have increased the number actually 
recorded in 1932. Not a few have withdrawn their resignations, in many cases out of ° 
loyalty to the Society in these difficult times. A year ago, our esteemed Treasurer was 
faced with a very difficult financial situation and this he has tackled in a manner which 
has earned our admiration and gratitude. He then outlined his programme, which was 
to balance the budget for 1932 by effecting suitable economies, by striving to obtain 
“‘ back ” subscriptions, and by securing increased and new donations from outside sources. 
In this he has amply succeeded; and to meet the work of the Society for 1933 with a small 
but definite balance in hand is a wonderful achievement at the present time. The 
financial affairs of the Society could not have been administered more efficiently and more 
sympathetically and they could not be in better hands. 

There is little need to emphasise the fact that the work of the Society in pursuing the 
objects for which it was founded has continued and actually increased during the past 
two years. The quality and number of original investigations, the results of which have 
been published in the Journal, are both of the high standard which is associated with the 
established reputation of the Journal of the Chemical Society. The work of the Bureau 
of British Chemical Abstracts has increased in a manner corresponding with the ever 
increasing amount of original investigation by chemists generally. 

Bearing in mind the very difficult conditions with which the Society has had to contend, 
we have every reason not to be dissatisfied with its work for Chemistry during 1932. 
Although the statistics of membership give cause for anxiety, it is gratifying to be able to 
report important progress designed to extend the scope of the Society’s activities and to 
ensure for it a greater measure of support by the chemists of the country. In January 
of last year the Council appointed a Reorganisation Committee to enquire into the general 
policy and the administrative system of the Society and to make recommendations accord- 
ingly. The work of this Committee, of which many of the decisions have been adopted 
by the Council, has in effect been an attempt to discover what changes are desirable to 
adapt the policy of the Society to present-day conditions. In some cases the decisions 
have necessitated changes in the Bye-Laws, and these have been approved by an Extra- 
ordinary General Meeting. A summary of the accepted proposals appears in the Report 
of the Council, and therefore I shall not refer to more than one or two of the more 
important. 
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In the first place the Council have taken a step to encourage the influx of young 
chemists by reducing, by one half, the annual subscription of Fellows under 25 years of 
age who are prepared to receive only such of the Society’s publications as the Council 
may determine. It has also been agreed that at the ordinary scientific meetings the custom 
of reading highly specialised papers shall be further restricted, and that a larger number 
of meetings shall be devoted to organised discussions and summaries of recent work. 
The latter innovation has evidently appealed to the Fellows, for the four interesting 
discussions which have been held during the present session have attracted gratifying 
attendances. Moreover, in order to make the ordinary scientific meetings more attractive, 
the Secretaries have been empowered to select papers to be read, and to arrange, if possible, 
for contributors to their discussion : in addition it is hoped that senior authors of a series 
of papers which have appeared in the Journal will publish at suitable intervais a résumé 
of their work. Furthermore, in consideration of the fact that the Chemical Society 
represents the whole country and not merely London and its vicinity, it has been agreed 
that a due proportion of the endowed and special lectures shall be given outside of London, 
and that meetings of the Society, devoted to lectures or discussions of a general character 
and not to the reading of specialised papers, shall be held in other centres. In accordance 
with this resolution the Liversidge Lecture was given in Birmingham, and the Ostwald 
Memorial Lecture in Liverpool during the present session, and arrangements have been 
made for several extra meetings in other cities. It is, of course, intended that meetings 
of the Chemical Society outside of London will be co-ordinated with the meetings of other 
chemical organisations in the districts concerned, and also that at these meetings all 
interested will be welcome. 

Following on a suggestion which I put forward in my address last year, local represen- 
tatives of the Society have been appointed in a number of districts throughout the country, 
whose functions will be to keep in touch with Fellows resident in their respective districts, 
to act as recruiting officers, to arrange for special lectures or discussions in collaboration 
with the local secretaries of other chemical organisations, and generally to promote the 
interests of the Society. It is proposed that a meeting of these ambassadors of the Council 
shall be held annually in London, in order to afford an opportunity for the exchange of 
views and for the formulation of proposals to be submitted to the Council. I hope that 
the promotion of social intercourse among the Fellows, for instance by the arrangement 
of an informal dinner on the occasion of a special lecture or discussion, will not be for- 
gotten. In order to remove apprehensions which seem to exist in this connection, I wish 
to make it clear that the Council has not contemplated the establishment of local sections 
of the Society. Numerous local sections of the Institute, of the Society of Chemical 
Industry, and of other Societies are already in existence in a number of cities, and in my 
opinion it would be a mistake to add to the number. It is gratifying to know that the 
Treasurer proposes to set aside a sum sufficient to meet the railway fares of local repre- 
sentatives who attend their annual meeting, and I wish thatethe charter and the financial 
position permitted the grant of the same assistance to country members of Council or 
Committees, who under present conditions, in addition to their sacrifice of time, have to 
pay for the privilege of serving the Society. 

In recent years the work which has to be undertaken by the Honorary Secretaries has 
increased so largely as to make excessive calls upon their time, and in order to relieve 
them of part of their burden it has been decided that the number of these officers shall be 
three instead of two. 

The Journal has been issued in a new format which I believe will be approved by 
most of the Fellows. Apart from the advantages which will arise from the use of a larger 
page, it is probable that the production of the Journal in this form will be less expensive 
than it has been in the past. I trust that the combined effort of the Chemical Society 
and the Faraday Society to produce a joint publication, which is destined to be the repre- 
sentative Journal of British Physical Chemistry, will be brought to a successful issue, and 
that the new journal will appear next year. 

In order to induce a larger number of Fellows to take an active interest in the affairs 
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of the Society it appears to me that a change in the method of election, and perhaps in 
the constitution, of the Council would be of advantage. There are at present eighteen 
ordinary members of Council, of whom nine are town members, 7.e., Fellows resident 
within a radius of fifty miles from Charing Cross, and nine country members, 7.¢., Fellows 
resident beyond that radius. These members are elected by the general body of Fellows, 
but in actual fact only a small fraction of that body appear to take any interest in the elec- 
tion. Assuming that the present constitution of the Council remains unaltered, I suggest, 
as a first step, that the country should be divided into ten electoral districts, viz. (1) the 
London area as defined above, and (2) nine other districts beyond the London area and so 
far as practicable approximately equal with respect to the number of Fellows resident 
in each. The Fellows resident in the London area would elect the town members, and 
one country member for each of the other nine districts would be elected by the Fellows 
resident in that district. The Council would not be entitled to nominate, or endorse the 
nomination, of any candidate for election as an ordinary member, but would have the power 
to elect members either to fill extraordinary vacancies or in the event of any district failing 
to make an election. Nominations and elections would be carried out as at present, but 
by Fellows resident in each of the districts and not by the general body. The term of 
office of ordinary members would be three years, and retiring members would not be 
eligible for re-election until after the lapse of one year. The present method of election 
of Officers and Vice-Presidents would remain unchanged. It would be necessary to prepare 
lists of the Fellows resident in each electoral district to serve as voters’ rolls, which, bound 
together and provided with an alphabetical index of names, would take the place of the 
present list. Such a method of election would ensure direct representation of each district 
on the Council, and also frequent changes in its personnel—a most desirable aim. More- 
over, it would, I think, go far to remove the dissatisfaction with the existing method 

which to my knowledge is felt by many country Fellows. 

Since the beginning of this century, and particularly during the last twenty years, 
the chemical profession has experienced a very considerable increase in members and a 
more wide-spread demand for its services to the community. New conditions have created 
new wants, and if the Chemical Society is to retain and increase its appeal to chemists I 
feel that it must adopt new methods with respect to administration, to representation of 
Fellows on the Council, to the production and distribution of its publications, and to its 
association with other chemical organisations. Steps in that direction have already been 
taken, but much more remains to be done. It is evident from articles and letters which 
have appeared in the chemical press during the past year that the project of union or 
federation of at least all the principal organisations concerned with chemistry is making 
an appeal to an increasing number of members of the profession. The facts which compel 
attention to this matter are well summarised in the following excerpt from an article which 
appeared in Nature on Sept. 24th, 1932 :— 

““ We come, therefore, to the following conclusions: First, that the present financial 
circumstances of the chemical societies of Great Britain demand either curtailment of 
services to chemists of all descriptions, or some countervailing form of retrenchment. 
Second, that the reduction in administrative expenses which in the course of time would 
follow unification or some form of very close association would assist in removing these 
financial difficulties, and would at the same time promote solidarity and efficiency. Third, 
that a substantial experiment in joint publication has proved successful over a considerable 
period. Fourth, that the cost of, and responsibility for, certain essential activities ought 
to be shared more widely. Taken together, they present an almost unanswerable case 
for amalgamation or federation, although of course they do not indicate exactly how it is 
to be achieved.” 

It was my intention to discuss this problem in the course of this address, but in view of 
the intimation that the Federal Council for Chemistry has appointed a committee consisting 
of gentlemen well acquainted with our chemical societies, under the chairmanship of Sir 
William Pope, to frame a scheme for, among other objects, economising upon adminis- 
trative expenditure, increasing the number of subscribing members, and securing substan- 
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tial financial assistance from chemical industry, I feel myself debarred from making any 
statement which might be considered embarrassing while we await with interest the result 
of this committee’s labours. Nevertheless I venture to express some opinions which I 
have formed with respect to certain aspects of the problem which must be faced. 

The principal duty laid upon the Chemical Society is, first, to publish the results of 
original investigations communicated to the Society, of which the scientific value has been 
approved by the Publication Committee, and secondly to prepare and publish abstracts 
of current researches which appear in the chemical journals of other nations. Any en- 
forced diminution of this activity would be too deplorable for words, and yet must follow 
unless the Society can find new sources of income or new methods of retrenchment. So 
long as the Society remains, as now, an independent organisation I cannot see how a larger 
income is to be obtained, and as you are aware, every method of reducing expenditure 
which can be adopted under existing conditions has been closely investigated. The same 
statement applies generally to the Society of Chemical Industry, the Biochemical Society, 
the Faraday Society, and other societies more directly interested in various branches of 
applied chemistry which publish journals or abstracts or both. Consequently one is 
forced to the conclusion that some form of federation of these societies is not only desirable, 
but sooner or later inevitable. Moreover in my opinion such a federation would be in- 
complete and lacking in influence unless the professional organisations were also included 
as members. In that case it should not be impossible to devise a scheme for an annual 
subscription, or scale of subscriptions, which would entitle the subscriber to membership 
of one or both of the professional bodies and at the same time of one or more of the publish- 
ing societies. The scale naturally could also be made dependent upon the number of 
different publications, e.g., the Journal of the Chemical Society, Chemistry and Industry, 
the Abstracts A and B, etc., desired by each subscriber. An essential feature of the scheme 
would be that the administrative work of all the members of the federation should be con- 
centrated under one head in one office, for, as Professor Morgan has pointed out clearly, 
if the burden of administration expenses can be lightened by pooling of resources there 
will be more money available for publication and less money demanded from individual 
chemists in the form of subscriptions. A General Council, composed of the officers of the 
constituent organisations and of representatives of chemical industry, would be established 
to deal with the business of the federation. 

The kind of federation which I envisage would not, to any material extent, involve 
the loss of their individuality on the part of the members, for each has its special sphere 
of activity on behalf of the subject as a whole and of the profession generally. On the 
contrary, my feeling is that each member should, so far as possible, retain a large measure 
of autonomy and continue to carry on its work in its own way, of course with the limitations 
which might arise from centralised administration and also with the expectation that still 
closer co-operation with respect to the publications of the different members might be 
attained. In some such way as this we could establish a great chemical organisation with 
a number of sections devoted to professional affairs, pure chemistry, and all or most of the 
branches of applied chemistry, including metallurgy, each with a considerable measure 
of independence but linked together through the General Chemical Council. 

Whatever may be the nature of any scheme of union or federation propounded, in my 
judgment the final decision must rest with the members of the organisations concerned. 
I think that the Council of any society would be exceeding its powers if it took action in 
this matter without being assured of the support of at least a large majority of its members. 
It savours of platitude to say that it is incumbent upon the Officers and Members of Council 
of any Society to endeavour to promote its welfare by all the means in their power; indeed 
most if not all of them would feel that they had betrayed the trust reposed in them by the 
members if they agreed to any scheme which would lead to a material reduction of the 
sphere of its activities or if its rights and privileges. 

I am confident that if chemists of all kinds got together in some such way as I have 
indicated the effect would be altogether beneficial to the profession. I believe that a move- 
ment towards federation would, if generally supported, be welcomed by the chemical 
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industry of the country and that their sympathy might find expression in that financial 
support which we cannot expect, and indeed do not deserve, to receive unless we set our 
house in order. The next two years must see great changes in the organisation of Chemical 
Societies in this country and we of the Chemical Society must be prepared to give 
sympathetic consideration to the scheme put forward by the Federal Council, which I 
hope and believe will lead to the formation of a great federation. When that goal is 
reached, we may feel confident that our work for the benefit of chemists, and hence of the 
community, will increase and that our profession will at last take its rightful place as one 
of the leading professions. 
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OBITUARY NOTICES. 


HENRY CHAPMAN JONES. 


THE death of Henry Chapman Jones on March 7th, 1932, at the age of seventy-seven 
removed one who has held an honourable place in the teaching of chemistry and in the 
development of the science and practice of photography. Apart from an early association 
with Birkbeck College, Chapman Jones’ career as a teacher of chemistry was bound up 
with the Royal College of Science, where he was successively Assistant, Demonstrator and 
Lecturer between 1881 and 1914, when he retired. In the first few years of this long 
period he was on Sir Edward Frankland’s staff, and later he served under Professors T. E. 
Thorpe, W. A. Tilden and H. B. Baker. For a number of years he presided over the 
‘“‘ North Laboratory ” in the old Royal College of Science buildings, and many who worked 
there will recall the quiet, serious and kindly way in which he went about his duties, as 
well as the high standard of industry and accuracy which he expected of his students. 

The main contributions to knowledge made by Chapman Jones were in the domain 
of photography, and were published principally under the auspices of the Royal Photo- 
graphic Society. Following Sir William Abney in the application of scientific method to 
the problems of photography, Chapman Jones dealt with such matters as the densities 
of negatives, the factors affecting the sensitiveness of plates, media of high refractive 
power for photomicrography, and the relationship between the size of the particle and the 
colour of the image. 

Original papers contributed to the Journal of the Chemical Society show that Chapman 
Jones occupied himself also with problems of a more definitely chemical nature. His 
first contribution, in 1878, described a modification of Regnault’s method for the deter- 
mination of boiling points with small quantities of substance, while two years later he 
published an account of the preparation and stability of sodium pentasulphide. The 
behaviour of this substance was regarded as consistent with the view that it is a tetra- 
thiosulphate, easily convertible into monothiosulphate. Chapman Jones’ teaching 
duties were mainly concerned with analytical chemistry, and various problems in this 
field attracted his attention. A volumetric method for the estimation of mercury, depend- 
ing on the appearance and disappearance of turbidity when mercuric chloride and potas- 
sium cyanide solutions are mixed in presence of ammonia, was described in 1892. Some 
years later he proposed the use of ammonium hydrogen carbonate as a means of differentiat- 
ing between silver chloride and bromide, and thus of detecting chloride in presence of 
bromide. His last communication to the Journal (in 1910) dealt with the preparation 
and properties of silver amalgams, obtained by shaking metallic silver with mercuric 
chloride solutions, and reducing the resultant double salt with ferrous oxalate. The rate 
of reaction between mercuric chloride and silver was shown to vary in a striking way with 
the nature of the medium in which the mercury salt was dissolved. 

Chapman Jones’ association with analytical chemistry bore fruit in the publication 
of his valuable ‘‘ Introduction to Qualitative Chemical Analysis.” He contributed many 
articles on photographic subjects to the technical press, while two books on photography 
came from his pen, viz., “‘ Science and Practice in Photography,” which ran to four editions, 
and “ Photography of To-day,” a popular treatise published in 1913. His associations 
with the Royal Photographic Society were very close, and after being Honorary Secretary 
from 1892 to 1897, and Vice-president from 1897 to 1902, he became President of the 
Society in 1912. In addition, he was a Fellow of the Chemical and Physical Societies, 
and of the Institute of Chemistry. 

Chapman Jones was a plain, single-minded man, whose integrity and ideals were of 
the highest. His quiet, almost shy, old-world courtesy and his modesty were marks of 
an interesting personality which only those who knew him well could appreciate. At 
the same time, he held strong opinions on many subjects, and he did not hesitate to express 
these in his own direct, unimpassioned way. His gentle, warm-hearted nature revealed 
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itself to best advantage in the circle of his own family and of those who knew him intimately. 
He is survived by a widow and two sons. 
pee 


[Note.—With the kind permission of the Editor of Nature, the writer of the above has 
made extensive use of the obituary notice of Chapman Jones which he prepared for that 
publication. ] 





CHARLES MADDOCK STUART. 
September 5, 1857—-November 22, 1932. 


STUART was the third of four brothers, all born at Harrow, sons of James Stuart, a 
Calcutta merchant who had been forced to retire, by the failure of his business at the 
time of the Mutiny. I have dealt rather fully with the history of the family, in a notice 
in the February issue of the Journal of Education; more briefly in Nature (Feb. 11). 
Several members held distinguished positions in the Church and were noted for their 
good works, their missionary zeal and their adventurous spirit—in fact, they were all 
men of unusual vigour, mental activity and force of character. His cousin, Prof. James 
Stuart, in early days, took a leading part in Cambridge life and was founder of the school 
of Mechanism; he was also active in the University extension movement; afterwards 
Member of Parliament; Editor of the liberal paper, The Star; finally, Chairman of the 
great Colman Mustard firm. 

Stuart was educated at Harrow School. He began Chemistry under Frankland at 
the Royal College of Science. In the winter of 1875—6, during six or seven months, he 
assisted W. H. Perkin senior, probably in Perkin’s private laboratory at Sudbury, not far 
from his home. He then competed for the Natural Science Exhibitions offered by 
Trinity and St. John’s Colleges, Cambridge; he was successful at the latter College and 
in due course gained a Foundation Scholarship at the close of his second year. He 
specially distinguished himself by obtaining the first place among the students of Natural 
Science in the College, including those of the year above his own. He took the B.A. in 
Honours at the close of 1879, in the First Class of the Natural Science Tripos. The order 
was alphabetical but, according to Mr. Sandys, then Fellow and tutor of St. John’s, it 
was understood that, particularly in Chemistry, Stuart’s position was as nearly as possible 
equal to that of the candidate who obtained the highest number of marks: his place 
might easily have been higher had he done himself justice in the examination. In after 
life, as a Head Master, he had slight belief in examinations. He appears to have worked 
diligently with Liveing, who regarded him as of promise as a teacher. He also came 
under William Garnett, at the Cavendish Laboratory, where he did well, gaining a wide 
knowledge of physics. He seems to have done some physiology. He was contemporary 
with Sir Richard Glazebrook and with Sanderson, afterwards Head Master of Oundle. 

He had sufficient confidence in himself—though never conceited—to become a candi- 
date, at the close of 1879, for the Chemistry Chair at Sir Josiah Mason’s College, Birming- 
ham, which Tilden secured. Perkin gave him a testimonial—why not? Himself he had 
started a new industry at 19 without any special training: we can imagine him arguing 
that a young man of 23, trained at Cambridge, should have no difficulty in starting a 
mere teaching College. Still, Perkin was not a man to recommend anyone: Stuart must 
have been unusually promising as a worker to have won his support so early. 

Stuart’s ambition was to work with Dewar but, failing to “‘ catch his eye,’’ he became 
a Master at Clifton College, under Wilson, in May 1880, remaining there until April 
1882—-an invaluable experience. Wilson spoke highly of him in 1881, when he was once 
more a candidate for a Professorship, again at a new College, University College, Notting- 
ham. Having been thus twice rejected, he probably felt that he needed to carry heavier 
guns, as he left Clifton and spent two semesters at Strasburg with Fittig, one of the most 
precise and untiring workers of his day but with a minimum of imagination and dash— 
as good a trainer a restive young colt could well have. On his return, in the spring of 
11* 
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1883, he became Head of the Science Department, under Kitchener, at the Newcastle 
(Staffs.) school, where he remained until the spring of 1888, when he was appointed Head 
Master of St. Dunstan’s College, Catford, London, S.E., a new school. 

He thus had the unusual experience of entering for three first events and being suc- 
cessful only in his third run. He was eminently suited for the post he gained, both in 
character and in experience. Apart from age and his inexperience, he was not built for 
Birmingham: Tilden was the ideal man for the Chair, especially on the social side. 
Stuart would have been better suited for Nottingham; a far stronger man in every way 
than my friend Clowes, with his gift of teaching, he might have made the Chair hum. It 
was good for him, however, that he had to serve so long for his Head Mastership, as he 
had both his experience in Germany and that under Kitchener, a pioneer in giving 
Physical Science a real place in school life. Some such training as that Stuart went 
through ought to be made compulsory, in future, upon everyone who aims at being Head 
of a school : not a few of the appointments made in modern times have been of ridiculously 
untrained men, merely the victims of a good degree, hopelessly narrow in knowledge and 
without imagination. It is on this account that our schools in no way cater for the 
needs of the times. 

Stuart’s work for the Chemical Society deserves special notice as an element of no 
slight importance, I believe, in his make-up as a teacher. Seven communications under 
his name are published in the Journal between 1883 and 1888—the first an account of his 
work with Fittig; the others of work which he did, in his leisure, whilst master in charge 
of the Science work of Dr. Kitchener’s school at Newcastle. 

They describe really substantial experimental inquiries, carried out in the most work- 
manlike and logical manner. He clearly had the makings of a chemist in him. With 
Fittig, he studied the condensation products formed by benzaldehyde with malonic and 
isosuccinic acids. At that time, Perkin’s cinnamic acid synthesis filled the bill. He had 
used a mixture of benzaldehyde with acetic anhydride and sodium acetate and thought 
that the interaction was one of aldehyde and anhydride. Fittig had taken the opposite 
view, that the sodium salt was the active spirit. To solve this problem was Stuart’s 
task. A mixture of benzaldehyde, acetic anhydride and sodium malonate soon began to 
solidify, giving off carbon dioxide. The product was cinnamic acid. As this might have 
been formed by the condensation of either compound with the aldehyde, zsosuccinic was 
substituted for malonic acid—not a trace of cinnamic acid was obtained: the product 
was phenylcrotonic acid, Ph‘CH:CMe-CO,H—a proof that Fittig’s interpretation of the 
course of the Perkin condensation had been correct. Using acetic acid instead of 
anhydride, at 100°, the yield of cinnamic acid was better; when the mixture was kept 
cold, benzalmalonic acid was obtained. 

The work affords clear proof of Stuart’s manipulative ability : I can vouch for it that 
the preparation of zsosuccinic acid is no easy task, having been present at its birth in 
Kolbe’s laboratory. It gained for him a Fellowship at St. John’s College. 

The theme was systematically further developed in Stuart’s later studies, carried on 
in his leisure time at Newcastle. He prepared a number of substituted benzalmalonic 
acids and carefully determined their relative stabilities when boiled with water, whereby 
the acid was partly reconverted into aldehyde and malonic acid and partly resolved into 
cinnamic acid and carbon dioxide. 

Stuart is one of the very small band of Science Masters who have had sufficient holy 
fire in them to do original work outside school hours. The all but total failure of schools 
to make the teaching effective as scientific training is in no small degree due to the lack 
of ambition and generally narrow outlook of the Science Staff, as well as to the fact 
that Head Masters are unable to understand how great a value such work has both by 
way of inspiring boys and maintaining the intellectual fitness of the teacher: if they had 
such knowledge and insisted on some proof being given of proper use of leisure, they 
would more than combat the intellectual lethargy which seems to overtake the school 
teacher of every kind, everywhere. The failure dates back, however, to the University, 
where no calculated foundation is laid upon which the teacher’s art and craft may be built. 

Stuart began his Head Master’s career at an exciting period. We had not long raised 
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the Heuristic banner and he became a life-long advocate of heuristic tenets—not merely 
in the science teaching but in all the school subjects. He was an active propagandist 
within his school, acting in a most unusual manner as master of method, greatly inspiring 
his Staff by actual deed, not by words alone. Himself a muscular Christian, a devoted 
alpinist, he also played vigorously with his boys, being particularly strong at lacrosse. 
The school became very popular and rapidly rose in numbers and repute in teaching 
circles. 

Elsewhere I have rated him very high among Head Masters. Huxley has said that 
“ The great end of life is not knowledge but action ’”—this was Stuart’s belief: of action 
upon and with and on behalf of knowledge. This was the creed which he sought to 
impress upon his boys. He was ideal material by heredity and training—neither cleric 
nor bookman, yet a man of intense moral conviction and fervour, with true scientific 
zeal burnt into his soul: receptive in mind, he was always willing to learn. Were I 
called upon to synthesise the ideal Head ~~. of the future, I should work largely upon 
a Stuart model. He was a true craftsman, alive to the stern reality of life, doing his best 
to prepare his boys to face the future, with some measure of forethought, to do their 


work with judgment and full honesty of purpose. 
HENRY E. ARMSTRONG. 
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itself to best advantage in the circle of his own family and of those who knew him intimately. 


He is survived by a widow and two sons. 
J.C. P. 


[Note.—With the kind permission of the Editor of Nature, the writer of the above has 
made extensive use of the obituary notice of Chapman Jones which he prepared for that 
publication. ] 





CHARLES MADDOCK STUART. 
September 5, 1857—November 22, 1932. 


STUART was the third of four brothers, all born at Harrow, sons of James Stuart, a 
Calcutta merchant who had been forced to retire, by the failure of his business at the 
time of the Mutiny. I have dealt rather fully with the history of the family, in a notice 
in the February issue of the Journal of Education; more briefly in Nature (Feb. 11). 
Several members held distinguished positions in the Church and were noted for their 
good works, their missionary zeal and their adventurous spirit—in fact, they were all 
men of unusual vigour, mental activity and force of character. His cousin, Prof. James 
Stuart, in early days, took a leading part in Cambridge life and was founder of the School 
of Mechanism; he was also active in the University extension movement; afterwards 
Member of Parliament; Editor of the liberal paper, The Star; finally, Chairman of the 
great Colman Mustard firm. 

Stuart was educated at Harrow School. He began Chemistry under Frankland at 
the Royal College of Science. In the winter of 1875—6, during six or seven months, he 
assisted W. H. Perkin senior, probably in Perkin’s private laboratory at Sudbury, not far 
from his home. He then competed for the Natural Science Exhibitions offered by 
Trinity and St. John’s Colleges, Cambridge; he was successful at the latter College and 
in due course gained a Foundation Scholarship at the close of his second year. He 
specially distinguished himself by obtaining the first place among the students of Natural 
Science in the College, including those of the year above his own. He took the B.A. in 
Honours at the close of 1879, in the First Class of the Natural Science Tripos. The order 
was alphabetical but, according to Mr. Sandys, then Fellow and tutor of St. John’s, it 
was understood that, particularly in Chemistry, Stuart’s position was as nearly as possible 
equal to that of the candidate who obtained the highest number of marks: his place 
might easily have been higher had he done himself justice in the examination. In after 
life, as a Head Master, he had slight belief in examinations. He appears to have worked 
diligently with Liveing, who regarded him as of promise as a teacher. He also came 
under William Garnett, at the Cavendish Laboratory, where he did well, gaining a wide 
knowledge of physics. He seems to have done some physiology. He was contemporary 
with Sir Richard Glazebrook and with Sanderson, afterwards Head Master of Oundle. 

He had sufficient confidence in himself—though never conceited—to become a candi- 
date, at the close of 1879, for the Chemistry Chair at Sir Josiah Mason’s College, Birming- 
ham, which Tilden secured. Perkin gave him a testimonial—why not? Himself he had 
started a new industry at 19 without any special training: we can imagine him arguing 
that a young man of 23, trained at Cambridge, should have no difficulty in starting a 
mere teaching College. Still, Perkin was not a man to recommend anyone: Stuart must 
have been unusually promising as a worker to have won his support so early. 

Stuart’s ambition was to work with Dewar but, failing to “‘ catch his eye,’’ he became 
a Master at Clifton College, under Wilson, in May 1880, remaining there until April 
1882—an invaluable experience. Wilson spoke highly of him in 1881, when he was once 
more a candidate for a Professorship, again at a new College, University College, Notting- 
ham. Having been thus twice rejected, he probably felt that he needed to carry heavier 
guns, as he left Clifton and spent two semesters at Strasburg with Fittig, one of the most 
precise and untiring workers of his day but with a minimum of imagination and dash— 
as good a trainer a restive young colt could well have. On his return, in the spring of 
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1883, he became Head of the Science Department, under Kitchener, at the Newcastle 
(Staffs.) school, where he remained until the spring of 1888, when he was appointed Head 
Master of St. Dunstan’s College, Catford, London, S.E., a new school. 

He thus had the unusual experience of entering for three first events and being suc- 
cessful only in his third run. He was eminently suited for the post he gained, both in 
character and in experience. Apart from age and his inexperience, he was not built for 
Birmingham: Tilden was the ideal man for the Chair, especially on the social side. 
Stuart would have been better suited for Nottingham; a far stronger man in every way 
than my friend Clowes, with his gift of teaching, he might have made the Chair hum. It 
was good for him, however, that he had to serve so long for his Head Mastership, as he 
had both his experience in Germany and that under Kitchener, a pioneer in giving 
Physical Science a real place in school life. Some such training as that Stuart went 
through ought to be made compulsory, in future, upon everyone who aims at being Head 
of a school : not a few of the appointments made in modern times have been of ridiculously 
untrained men, merely the victims of a good degree, hopelessly narrow in knowledge and 
without imagination. It is on this account that our schools in no way cater for the 
needs of the times. 

Stuart’s work for the Chemical Society deserves special notice as an element of no 
slight importance, I believe, in his make-up as a teacher. Seven communications under 
his name are published in the Journal between 1883 and 1888—the first an account of his 
work with Fittig; the others of work which he did, in his leisure, whilst master in charge 
of the Science work of Dr. Kitchener’s school at Newcastle. 

They describe really substantial experimental inquiries, carried out in the most work- 
manlike and logical manner. He clearly had the makings of a chemist in him. With 
Fittig, he studied the condensation products formed by benzaldehyde with malonic and 
isosuccinic acids. At that time, Perkin’s cinnamic acid synthesis filled the bill. He had 
used a mixture of benzaldehyde with acetic anhydride and sodium acetate and thought 
that the interaction was one of aldehyde and anhydride. Fittig had taken the opposite 
view, that the sodium salt was the active spirit. To solve this problem was Stuart’s 
task. A mixture of benzaldehyde, acetic anhydride and sodium malonate soon began to 
solidify, giving off carbon dioxide. The product was cinnamic acid. As this might have 
been formed by the condensation of either compound with the aldehyde, isosuccinic was 
substituted for malonic acid—not a trace of cinnamic acid was obtained: the product 
was phenylcrotonic acid, Ph-CH:CMe-CO,H—a proof that Fittig’s interpretation of the 
course of the Perkin condensation had been correct. Using acetic acid instead of 
anhydride, at 100°, the yield of cinnamic acid was better; when the mixture was kept 
cold, benzalmalonic acid was obtained. 

The work affords clear proof of Stuart’s manipulative ability : I can vouch for it that 
the preparation of isosuccinic acid is no easy task, having been present at its birth in 
Kolbe’s laboratory. It gained for him a Fellowship at St. John’s College. 

The theme was systematically further developed in Stuart’s later studies, carried on 
in his leisure time at Newcastle. He prepared a number of substituted benzalmalonic 
acids and carefully determined their relative stabilities when boiled with water, whereby 
the acid was partly reconverted into aldehyde and malonic acid and partly resolved into 
cinnamic acid and carbon dioxide. 

Stuart is one of the very small band of Science Masters who have had sufficient holy 
fire in them to do original work outside school hours. The all but total failure of schools 
to make the teaching effective as scientific training is in no small degree due to the lack 
of ambition and generally narrow outlook of the Science Staff, as well as to the fact 
that Head Masters are unable to understand how great a value such work has both by 
way of inspiring boys and maintaining the intellectual fitness of the teacher: if they had 
such knowledge and insisted on some proof being given of proper use of leisure, they 
would more than combat the intellectual lethargy which seems to overtake the school 
teacher of every kind, everywhere. The failure dates back, however, to the University, 
where no calculated foundation is laid upon which the teacher’s art and craft may be built. 
Stuart began his Head Master’s career at an exciting period. We had not long raised 
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the Heuristic banner and he became a life-long advocate of heuristic tenets—not merely 
in the science teaching but in all the school subjects. He was an active propagandist 
within his school, acting in a most unusual manner as master of method, greatly inspiring 
his Staff by actual deed, not by words alone. Himself a muscular Christian, a devoted 
alpinist, he also played vigorously with his boys, being particularly strong at lacrosse. 
The school became very popular and rapidly rose in numbers and repute in teaching 
circles. 

Elsewhere I have rated him very high among Head Masters. Huxley has said that 
“ The great end of life is not knowledge but action ’’—this was Stuart’s belief: of action 
upon and with and on behalf of knowledge. This was the creed which he sought to 
impress upon his boys. He was ideal material by heredity and training—neither cleric 
nor bookman, yet a man of intense moral conviction and fervour, with true scientific 
zeal burnt into his soul: receptive in mind, he was always willing to learn. Were I 
called upon to synthesise the ideal Head Master of the future, I should work largely upon 
a Stuart model. He was a true craftsman, alive to the stern reality of life, doing his best 
to prepare his boys to face the future, with some measure of forethought, to do their 
work with judgment and full honesty of purpose. 

HENRY E. ARMSTRONG. 





ALFRED REE. 


ALFRED REE was born at Leeds on July 13th, 1863. His father was Isidor Rée, a well- 
known Yorkshire business man. The family came from Copenhagen, probably through 
Alsace. 

Rée was educated at his grandfather’s school in Hamburg and later at Bradford - 
Grammar School. In 1881 he went abroad and in the first instance studied chemical 
analysis at Wiesbaden under Fresenius, to whom he acted as private assistant during 
1882 and 1883. Under this master he doubtless gained an added respect for precision 
both in experimental work and in scientific thought. 

He next proceeded to Munich, and devoted a year to research work in organic chemistry 
under the great Adolf von Baeyer, and finally to Geneva, where, under Graebe, he carried 
out an investigation on sulphophthalic acids. This was published in the Berichte in 1886 
and formed the subject of the thesis on which he was awarded the degree of Ph.D. by 
the University of Berne. 

On his return to England he took a position as works chemist at Middleton, near 
Manchester, but in 1890 was a prime mover in the foundation of the firm which after- 
wards, in association with Claus & Co., became “‘ Claus and Rée ”’ and established a con- 
nexion with Brooke, Simpson and Spiller, the successors of Simpson, Maule and Nicholson, 
and with Perkin and Sons, the original manufacturers of ‘ aniline dyes.” 

In 1907, after a connexion lasting about fifteen years with the firm, circumstances 
made it possible for him to retire from the business. This step was one which enabled 
him to serve in a broader way the interests of chemistry and of chemists and also to devote 
a much larger amount of time and attention to affairs of public and commercial importance. 

In Manchester business circles he was probably best known for his distinguished work 
in connexion with the Manchester Chamber of Commerce. Before his retirement from 
business he was Vice-Chairman of the Chemical section of that body and played an 
important part in the deliberations which led to the reform of the Patent Laws. 

In 1900 he married Lavinia Dimmick, an American lady whom he first met in this 
country. The ceremony took place in the bride’s home town, Scranton, Pennsylvania. 
He had the good fortune to obtain a partner in life who was keenly sympathetic with 
his public work and shared the real joy that he took in social contacts with persons of 
all ages. The three sons and five daughters, who inherit the social instincts of their 
parents, helped not only to add to the large number of guests entertained at the home 
of Dr. and Mrs. Rée at Withington, Manchester, but also to intensify the atmosphere 
of hospitality which guests of mature age and varied nationalities enjoyed. 
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In 1910 he was appointed a Director of the Manchester Chamber of Commerce and 
served as such until his election as President for the year 1924—25. In the year of 
his Presidency he also acted as Chairman of the newly formed Joint Committee of Cotton 
Trade Organisations which so successfully undertook the reorganisation of the yarn and 
cloth trade, hit with grave severity by the war. He himself led the large deputation 
which went to Downing Street to lay its proposals before the Prime Minister. 

During the whole of his life after retirement from the firm of Claus and Rée, he 
followed with the keenest interest the succession of important changes and developments 
in the dyestuff industry which began soon after the outbreak of war. He abstained, 
however, from resuming any direct participation in the industry until 1926, when he 
became a member of the Board of the “ British Dyestuffs Corporation, Ltd.,” and, on 
the formation of ‘‘ Imperial Chemical Industries Ltd.” in 1927, he continued as a member 
of its local Delegate Board, and until his death was always associated with the Dyestuff 
Group of the I.C.I. as either a Director or a Consultant. 

It will be gathered that his services were widely sought and in later years he was 
usually a member or the chairman of a large number of active committees. If his invalu- 
able services in many directions are not so widely known, even in Manchester, as they 
deserve to be, it is because he was unusually modest and never appeared in the limelight 
unless convinced that loyalty to the cause he was supporting left him no alternative. 

His influence in matters of policy was due in no small measure to the fact that he 
brought an unprejudiced mind to the consideration of nearly all questions, and to the 
ease with which he conveyed this impression to persons of the most diverse personalities 
and convictions. He took a great deal of trouble in ascertaining, at first hand, the views 
of men of widely different opinions, so that when the time approached for critical dis- 
cussions he had already carefully assessed the relative values of most of the arguments 
which were likely to be used, and was thus prepared to give convincing reasons for laying 
more or less stress on each in turn. 

The general body of working chemists in this country will probably honour his memory 
most for his sympathetic attitude towards and the active part which he played in the 
foundation of the British Association of Chemists, of which he was the first Chairman. 
Many important functions which this body, under wise and dignified direction, has subse- 
quently exercised, had his warm approval. 

Rée took a very keen interest in scientific and technical education and especially 
perhaps in the latter. For some years he acted as Chairman of the Chemistry Sectional 
Committee of the Manchester College of Technology and served as a co-opted member 
of the Manchester Education Committee from 1910 onwards. He was also for some time 
a Member of Council and Deputy-Treasurer of the University of Manchester, with which 
much of the teaching work of the College of Technology is intimately associated. 

Until his health began to fail, some two years before his death, he took long walks every 
day, and was not easily deterred by inclement weather. His upright, almost martial 
figure was familiar to many residents of Withington and Didsbury and also to others 
whose path took them into Oxford Road, which joins Withington to the centre of the city. 

He endured with great fortitude and patience the pain he was condemned to suffer 
during his last years. At the end, the promise of release counted as nothing compared 
with his sorrow at being torn from his wife and children, all of whom survive him. 


He died on February 26th, 1933. 


A. L. 








HENRY LLOYD SNAPE. 


Henry Lioyp SnaPE, who joined the Society in 1887, died in Torquay on March 2nd, 
1933. He was the son of Alderman Thomas Snape, J.P., M.P., of Liverpool and was born 
in that city on April 20th, 1861. 

His earlier education was obtained at the Liverpool Institute and subsequently at the 
Liverpool School of Medicine, where from 1876—79 he studied Chemistry under Campbell 
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Brown, who became the first Professor of Chemistry in the University College of Liverpool, 
founded in 1880. From 1879—80 Snape was employed in the Chemical Works of Messrs. 
John Hutchinson & Co. of Widnes, but in the latter year became Demonstrator to Professor 
Campbell Brown at University College, a post he retained until 1884. He took his B.Sc. 
degree at London University in 1883 and in the following year proceeded to Germany, 
where he studied under A. W. Hofmann in Berlin and subsequently under Victor Meyer 
in Géttingen. In 1886 he tock his Ph.D. degree at the latter University, the subject of 
his thesis being, “‘ Ueber die Einwirkung von Phenylcyanat auf einige Alkohole und 
Phenole.” In the same year he passed the examination for the Doctor of Science degree 
of the London University and also qualified as a Fellow of the Institute of Chemistry. 

On returning to England he held the post of Senior Lecturer in Chemistry at the 
Manchester Technical School and was, at the same time, a Tutor in the Hulme Hall of 
Residence. In 1888 he proceeded to the University College of Wales, Aberystwyth, 
where he was appointed to the Chair of Chemistry in succession to Professor Humpidge, 
who died in 1887 as the result of an illness following the shock induced by the disastrous 
College fire of 1885 which originated in the Chemical laboratories. 

Dr. Snape held the chair for 13 years and in 1901 was appointed Director of Education 
to the Lancashire County Council. In Aberystwyth he started work in the new laboratories, 
which had been erected after the fire. The number of College students was relatively small 
and the Professor was required to do practically all the teaching work, but as the College 
grew assistance was given and when he left practically all the laboratory work was per- 
formed by two demonstrators. Snape was always regarded as a lucid and painstaking 
lecturer and, as a teacher, was always readily accessible to his students. Among his 
earlier students were F. D. Chattaway (Fellow of Queen’s College, Oxford), W. H. Lewis 
(Professor of Chemistry at the University College of the South West), Soho O. Jones . 
(Fellow of Clare College, Cambridge) and T. Campbell James Psa of Chemistry and 
Director of the Edward Davies Laboratories, Aberystwyth). At Aberystwyth, in spite 
of much routine teaching, he found time to undertake a certain amount of research work 
as exemplified by some 12 papers published during this period in the Journal or in The 
Chemical News. They include five papers dealing with aromatic cyanates and carbamates, 
four on amarine and amarone, and isolated papers on magnesium nitride as a reagent and 
the replacement of chlorine in the chlorides of non-metals by bromine and iodine. Most 
of these papers were published in his own name, but two on amarone conjointly with one 
of his demonstrators (the late A. Brooke). During the same period he brought out a new 
edition of Humpidge’s translation of Kolbe’s ‘‘ Short Text-Book of Inorganic Chemistry ”’ 
and for many years up to 1901 he acted as County Analyst for Cardiganshire and for a 
short period as Examiner in Chemistry to the Central Welsh Board. 

It was during his residence in Aberystwyth that the University of Wales was consti- 
tuted, and the courses in chemistry laid down in the University syllabus were drawn up 
by him conjointly with the late C. M. Thompson of Cardiff and the late J. J. Dobbie of 
Bangor, and he was appointed one of the earliest chairmen of the Faculty of Science and 
also a member of the Executive of both the Court and the Senate of the new University. 

Dr. Snape was not content with his duties as lecturer, administrator and researcher, but 
devoted, especially during his earlier days in Aberystwyth, much time to the social side 
of College life: at one time he was chairman of the well-known debating society and was 
always a welcome member of the cast in College dramatics. For some years he was 
chairman of the Governors of the Aberystwyth County School and was also well known in 
the religious life of the town. 

In 1901 he took up the post of Director of Education to the Lancashire County 
Council and retained it until he retired in 1918 to Torquay on account of ill health. On 
leaving Aberystwyth, Snape lost touch, to a large extent, with chemistry and his energies 
were devoted almost entirely to administrative problems. In addition to the normal 
work of his department he was able to devote time and energy to serving on outside bodies. 
Thus he was chairman of the Association of Directors and Secretaries of the Union of 
Lancashire and Cheshire Institutes, was also chairman of the Sub-Committee of the 
Lancashire and Westmorland Pensions Committee to provide training for disabled Soldiers 
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and Sailors, was a member of the Departmental Committee to consider the salaries of 
teachers in Higher Educational Institutions, and also a member of the Secondary Schools 
Examinations Council. 

After his retirement to Torquay Dr. Snape never enjoyed good health and from 1928 until 
his death was confined to his room. In spite of his health he was able during his 14 
years in Torquay to take a lively and active interest in public work, both in educational 
and in religious spheres. For several years he was a member of the Court of Governors of 
the University College of the South West at Exeter; he was also a member of the governing 
body of the Torquay Secondary Schools and of other schools in the district. He held 
many positions in connexion with the United Methodist Church; for example, he was 
chairman of the Exeter and Shebbear District, a Guardian representative to Conference, a 
member of the Connexional Committee and of the Foreign Missions Committee, and also 
acted for two years as President of the Torquay Free Church Council. In addition he was 
chairman of the Executive and Finance Committee of the Torquay Division Liberal 
Association. 

In 1921 he was appointed an officer of the most excellent Order of the British Empire 
for his work in organising training for disabled service men. 

Most of those who knew Dr. Snape have pleasing memories of his personality. Asa 
teacher he was gracious and painstaking, as an administrator reliable and thorough, and 


as a citizen energetic, keen and devoted. 
J. J. SUDBOROUGH. 





CLAUDE METFORD THOMPSON. 


EMERITUS-PROFESSOR C. M. THompson, M.A., D.Sc., late of the University College of 
South Wales and Monmouthshire, Cardiff, died of heart failure at his home, 38 Park Place, 
Cardiff, on Wednesday, January 4th, 1933. He was the last surviving member of the 
distinguished group of scholars who under the leadership of Viriamu Jones comprised the 


Staff when the College opened in 1883. 

He was the son of Alexander Thompson of Bridgwater, Somerset, where he was born 
on November 14th, 1855. His early education was received at the Independent College, 
Taunton, whence he proceeded in 1872 to University College, London. Here he had a 
successful career and at the conjoint examination for Honours in 1874 obtained the first 
place and the exhibition of £40 per annum. He graduated in 1876 with Honours in 
Chemistry. At a later period he obtained the D.Sc. degree. 

In October, 1876, he entered Trinity College, Cambridge, as a pensioner and in the 
following year was elected Scholar, graduating B.A. in 1880 and M.A. in 1883. Before 
taking his degree, he proceeded to Bonn, where he worked for a period with Claisen and 
published his first (joint) paper “ Ueber Metaisatinsdure ’’ in October, 1879. Later he 
worked in the laboratory of Victor Meyer at Zurich and published a paper “ Ueber Tetra- 
methylammoniumcyanid ” in the Berichte of 1883. Other papers on allied topics came 
during the intervals from the University chemical laboratory, Cambridge, and from Bonn. 

For a short period Thompson lectured under the Cambridge University Extension 
scheme until he was appointed as Professor of Chemistry at Cardiff. Here he remained 
until his retirement in 1911, giving devoted service to the College and later, after its 
inauguration in 1893, to the University of Wales. During the last illness of Principal 
Viriamu Jones, and until his successor, Principal E. H. Griffiths, took up office, Professor 
Thompson acted as Principal of the College. 

The duties of his post at Cardiff and the meagre accommodation and equipment of his 
department afforded little opportunity for research and Thompson’s personal output was 
consequently small. But he devoted much time to the study of rare earths and published 
a few papers on the chemistry of didymium. Also his successive assistants, J. T. Cundall, 
J. W. James, Turpin, Perman, and Abell, in turn displayed much activity and published 
valuable papers in the Journal. Thompson worked and planned unceasingly for the 
development of his department and lived to see his successor installed in the well-equipped 
Tatem Laboratories at the new University College in Cathays Park, Cardiff. 
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During his professorship he was a considerable donor of books and periodicals to the 
Library of his Department and in his will left a generous sum for its endowment which will 
relieve his successors of anxiety in this respect. 

Personally Thompson was a very charming man of delightful manners who was greatly 
esteemed by his colleagues at Cardiff and of the Senate of the University of Wales. In 
the latter body he was one of the outstanding personalities and although by nature a silent 
man had considerable influence. His critical power was great, he was not easily influenced 
and was quite insensitive to rhetorical appeal and he could invariably be trusted to adopt 
a calm and sound attitude on any question under discussion. He was at his best in 
committee and was extremely useful in drafting sound, non-ambiguous resolutions. 

On his retirement his College honoured him with the title of Emeritus Professor and he 
subsequently took an active part on its Governing Body as a representative of the University 
of Cambridge. In 1928 the University of Wales gave recognition to a life spent in its service 
by conferring upon him the honorary degree of D.Sc. 

In his extra-collegiate activities Thompson was an enthusiastic lover of nature and the 
open country. He was a keen mountaineer and a member of the Alpine Club. Many of 
his colleagues and friends retain happy recollections of many pleasant excursions under his 
leadership amongst the hills of Glamorgan and Monmouth and of adventurous days spent 
in climbing without guides in the Pennine Alps. He was an active member of the Cardiff 
Naturalists’ Society and took great delight in gardening. 

Thompson was unmarried. Two sisters are married to cousins, Mr. Charles Thompson 
and ex-Alderman Herbert Thompson, gentlemen on whom the City of Cardiff has conferred 
its honorary freedom for long and devoted service. The family name will long be held in 
high honour in the City and the College. 

T. C. J. 


(Note: With the kind permission of the Editor the writer of the above has made use 
of detail given in the obituary notice which appeared in the Western Mail of January 5th, 
1933. He is also indebted to a number of Professor Thompson’s colleagues at Cardiff and 
in the University of Wales.) 





116. The Action of Bromine upon Nitrophenylazoacetoacetates and 
Related Compounds. 


By F. D. Cuattaway and D. R. AsHworTH. 


WHEN halogens react with arylazoacetoacetates, either the aryl nucleus or the acetyl 
group may be substituted, or the acetyl group and even the carbethoxy-group replaced 
by halogen (Proc. Roy. Soc., 1932, 185, 282; 137, 489). 

The nitrophenylazoacetoacetates (1), which are readily formed by the action of the nitro- 
phenyldiazonium salts upon ethyl acetoacetate, behave similarly, the nitro-group merely 
preventing or hindering substitution in the aryl nucleus. In but one case, that of o-nitro- 
phenylazoacetoacetate, was bromine found to enter the nucleus and then only very slowly 
when excess was used. 

In cold, slightly diluted acetic acid, bromine replaces the acetyl group and produces 
nitrophenylhydrazones of ethyl «-bromoglyoxylate (II), bromine not entering the nucleus 
under these conditions : 

(I.) NO *CgHyNH-:N:CAc:CO,Et —> NO,°C,H,yNH-N:CBr-CO,Et (II.) 
In boiling glacial acetic acid, on the other hand, bromine displaces hydrogen in the acetyl 
group, producing first ntrophenylazo-y-bromoacetoacetates (III), then nitrophenylazo-yy- 
dibromoacetoacetates (IV), and finally displaces the carbethoxy-group, nitrophenylhydrazones 
of 68w-tribromo-«-ketopropaldehyde (V) being the end products : 
(I.) —> NO,°C,.H,NH-N:C(CO-CH,Br)-CO,Et (III.) —> 
NO,-C,H,'NH-N:C(CO-CHBr,)-CO,Et (IV.) —»> NO,*CgHyNH-N:CBr-CO-CHBr, (V.) 
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In the case of the o-nitrophenylazoacetoacetate, when excess of halogen is used and 
reaction takes place in glacial acetic acid at 100°, bromine enters the nucleus in the para- 
position and the final product is 6§w-tribromo-«-ketopropaldehyde-4-bromo-2-nitrophenyl- 
hydrazone. 

The constitution of the y-bromoacetoacetates has been proved by their synthesis from 
nitrophenyldiazonium salts and ethyl y-bromoacetoacetate under the normal conditions. 

The action of bromine upon the o-, m-, and p-nitrophenylhydrazones of «-ketoprop- 
aldehyde (prepared by coupling acetoacetic acid with the nitrophenyldiazonium salts, 
carbon dioxide being lost in the reaction: NO,°C,H,-N,Cl + CH,Ac-CO,H —> 
NO,°C,.H,*NH-N:CHAc) has also been studied. The final products are the nitropheny]- 
hydrazones of $$w-tribromo-«-ketopropaldehyde identical with those obtained by the 
action of excess of bromine on the azoacetoacetates, w-bromo-«-ketopropaldehydenitro- 
phenylhydrazones and $w-dibromo-«-ketopropaldchydenitrophenylhydrazones being formed 
as intermediate stages. Bromine enters the nitrophenyl residue only in the case of «- 
ketopropaldehyde-o-nitrophenylhydrazone; then, as before, it enters in the para-position, 
and the final product is 88w-tribromo-«-ketopropaldehyde-4-bromo-2-nitrophenylhydrazone. 

When treated with alcoholic potassium acetate, the azo-~y-bromoacetoacetates and the 
azo~yy-dibromoacetoacetates lose hydrogen bromide, ring closure taking place with the 
formation of 4-hydroxy- and 5-bromo-4-hydroxy-pyrazole derivatives respectively : 


CO,Et-C:N-NH-C,H,NO, ee 
Soca OCHO N CHa NO, (VI) 


5-Bromo-4-hydroxypyrazoles can also be obtained by brominating the 4-hydroxypyrazoles 
in boiling acetic acid. 

The bromine atoms in the «-bromoglyoxylates and the w-bromo-«-ketopropaldehydes 
are similarly very reactive and are easily replaced by other groups; e.g., alcoholic ammonia 
replaces the halogen by an amino-group. 

Although bromine is not introduced into the phenyl nucleus by the action of bromine 
upon the m- and #-nitrophenylazoacetoacetates, even when excess is used, compounds 
with bromine in the nucleus can easily be made by coupling the appropriate brominated 
nitrophenyldiazonium salts with ethyl acetoacetate; e¢.g., 


Br Br 
NO,< N,Cl + CH,AcCO,Et —> si cei 
Br r 


The action of bromine upon ethyl] 2 : 6-dibromo-4-nitrophenylazoacetoacetate and ethyl 
2-bromo-4-nitrophenylazoacetoacetate, thus prepared, resembles closely its action on the 
unsubstituted nitrophenylazoacetoacetates themselves. 


EXPERIMENTAL. 


Ethyl p-Nitrophenylazoacetoacetate (I).—A solution of 25 g. of p-nitroaniline (1 mol.) in 30 
c.c. of boiling ACOH was poured, with constant stirring, into 300 c.c. of cold conc. HCl to obtain 
a fine pulp of crystals. This was diazotised at 0—5° with 15 g. of NaNO, (1 mol.) in 70 c.c. of 
H,O. The diazonium solution was filtered and added slowly to a well-stirred cooled mixture 
of 30 g. of ethyl acetoacetate (1 mol. + excess) in 50 c.c. of EtOH and 50 c.c. of H,O containing 
350 g. of cryst. NaOAc. Ethyl p-nitrophenylazoacetoacetate separated as a yellow solid. It 
crystallised from EtOH in yellow, long, slender needles, m. p. 127° (Found : N, 14-9. C,.H,,;,0;N; 
requires N, 15-05%). In a similar manner were obtained ethyl 2-bromo-4-nitrophenylazoaceto- 
acetate, light yellow, very slender prisms from EtOH, m. p. 130° (Found: Br, 22-1. C,,H,,O;N;Br 
requires Br, 22-3%), ethyl 2 : 6-dibromo-4-nitrophenylazoacetoacetate, bright yellow, long, slender 
needles from EtOH, m. p. 135° (Found: Br, 36-4. C,.H,,O;N,Br, requires Br, 36-6%), ethyl 
o-nilrophenylazoacetoacetate, deep yellow leaflets from light petroleum, m. p. 93° (Found: N, 
149%), and ethyl m-nitrophenylazoacetoacetate, yellow, long, slender, four-sided prisms from 
EtOH, m. p. 128° (Found: N, 14-9%). 

a-Ketopropaldehyde-p-nitrophenylhydrazone, CH,*CO-CH:N-NH-C,H,yNO,.—A _ diazonium 
solution prepared from 15 g. of p-nitroaniline (1 mol.) was added slowly at 0° to 15 g. of aceto- 
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acetic acid in 275 c.c. of H,O containing 200 g. of cryst. NaOAc. «a-Ketopropaldehyde-p-nitro- 
phenylhydrazone began to separate almost immediately, CO, being given off. It crystallised 
from EtOH in bright yellow, hair-like needles, m. p. 217° (Found: N, 20-3. C,H,O,N; requires 
N, 20-3%). 

In a similar way were prepared «-ketopropaldehyde-2-bromo-4-nitrophenylhydvrazone, which 
separates first from a solution in AcOH in a labile form as light yellow needles which gradually 
dissolve in the mother-liquor, a stable polymorphic form then separating as yellow, compact, 
four-sided prisms, m. p. 187° (Found: Br, 28-2. C,H,O,N,Br requires Br, 27-95%); «-keto- 
propaldehyde-2 : 6-dibromo-4-nitrophenylhydrazone, pale yellow, four-sided prisms with domed 
ends from C,H.,, m. p. 151° (Found: Br, 44:0. C,H,O,N,Br, requires Br, 43-8%); «-eto- 
propaldehyde-o-nitrophenylhydrazone, deep yellow, long, hair-like needles from EtOH, m. p. 
128° (Found: N, 20-3%); «a-ketopropaldehyde-m-nitrophenylhydrazone, clusters of pale yellow, 
slender needles from EtOH, m. p. 152° (Found: N, 20-1%); and a-ketopropaldehyde-4-bromo-2- 
nitrophenylhydrazone, pale yellow, very slender needles from AcOH, m. p. 176° (Found: Br, 
28-0%). 

Ethyl «-Bromoglyoxylate-p-nitrophenylhydrazone (11).—1-65 G. of Br (1 mol.) in 3 c.c. of ACOH 
were added to a solution of 2-8 g. of p-nitrophenylazoacetoacetate (1 mol.) and 2 g. of cryst. 
NaOAc (1 mol. + excess) in 40 c.c. of ACOH. Ethyl a-bromoglyoxylate-p-nitrophenylhydrazone 
slowly separated as a yellow solid. It crystallised from AcOH as a labile form in long, pale 
yellow needles which gradually redissolved whilst bright yellow, compact rhombic plates of 
a stable form separated, m. p. 203° (Found: Br, 25-2. C,)9H,,O,N,Br requires Br, 25-3%). 
The following compounds were similarly prepared: ethyl a-bromoglyoxylate-2-bromo-4-nitro- 
phenylhydvazone, very pale yellow, long, slender needles from EtOH, m. p. 126° (Found: Br, 
40-2. Cy ,H,O,N;Br, requires Br, 40-5%); ethyl a-bromoglyoxylate-2 : 6-dibromo-4-nitrophenyl- 
hydrazone, very pale yellow, slender prisms from EtOH, m. p. 144° (Found: Br, 50:3. 
C,9H,O,N;,Br, requires Br, 50-6%); ethyl a-bromoglyoxylate-o-nitrophenylhydrazone, yellow, 
four-sided, flattened prisms from EtOH, m. p. 137° (Found : Br, 25-1%); ethyl «-bromoglyoxylate- 
m-nilvophenylhydrazone, yellow compact tablets from EtOH, m. p. 149° (Found: Br, 25-0%). 
Ethyl «-aminoglyoxylate-p-nitrophenylhydrazone was quantitatively formed when ethyl «- 
bromoglyoxylate-p-nitrophenylhydrazone was stirred into EtOH saturated with NH;. It 
crystallised from aq. EtOH in yellow, slender prisms, m. p. 181° (Found: N, 22-1. Cy9H,.O,N, 
requires N, 22-2%). 

The following compounds were similarly prepared : ethyl «-aminoglyoxylate-2-bromo-4-nitro- 
phenylhydvrazone, deep yellow, slender prisms from EtOH, m. p. 124-5° (Found: Br, 24-0. 
C4o9H,,0,N,Br _requires Br, 24-15%); ethyl «a-aminoglyoxylate-2 : 6-dibvomo-4-nitrophenyl- 
hydrazone, bright yellow, slender prisms from EtOH, m. p. 191° (Found : Br, 39-2. C1>)H,,0,N,Br, 
requires Br, 39:0%); ethyl a-aminoglyoxylate-o-nitrophenylhydrazone, red, long, flattened, 
four-sided prisms from EtOH, m. p. 123° (Found: N, 22-2%). 

Ethyl p-Nitrophenylazo-y-bromoacetoacetate (II1).—(1) 11 G. of p-nitroaniline (1 mol.) were 
diazotised, and the solution slowly added to 20 g. of y-bromoacetoacetic ester (1 mol. -+ excess) 
in 50 c.c. of EtOH and 50c.c. of H,O containing 150 g. of cryst. NaOAc. Ethyl p-nitrophenylazo- 
y-bromoacetoacetate, collected after 6 hr., crystallised from EtOH in light yellow, slender prisms, 
m. p. 163° (Found: Br, 22-2. C,,H,,O;N,Br requires Br, 22-3%). 

(2) 3-3 G. of Br (1 mol.) in 3.c.c. of ACOH were added to a solution of 5-6 g. of ethyl p-nitro- 
phenylazoacetoacetate (1 mol.) in 25 c.c. of ACOH. Ethyl p-nitrophenylazo-y-bromoaceto- 
acetate separated on cooling, and crystallised from EtOH in light yellow, slender prisms, m. p. 
163°, identical with the product obtained above. The yield was quantitative. 

By similar methods were also obtained ethyl 2-bromo-4-nitrophenylazo-y-bromoacetoacetate, 
yellow hair-like needles from EtOH, m. p. 138° (Found: Br, 36-4. C,,H,,O;N,Br, requires 
Br, 366%); ethyl 2 : 6-dibromo-4-nitrophenylazo-y-bromoacetoacetate, pale yellow, long, slender 
prisms from EtOH, m. p. 118° (Found: Br, 46-5. C,,H,,O;N;Br, requires Br, 46-5%); ethyl 
o-nitrophenylazo-y-bromoacetoacetate, bright yellow, slender, flattened prisms from C,H,—light 
petroleum (b. p. 60—80°), m. p. 145° (Found: Br, 22-1%); ethyl m-nitrophenylazo-y-bromo- 
acetoacetate, pale yellow, long, slender needles from EtOH, m. p. 122° (Found: Br, 22-0%). 

Action of Bromine (2 mols.) upon Ethyl p-Nitrophenylazoacetoacetate. Formation of Ethyl 
p-Nitrophenylazo-yy-dibromoacetoacetate (1V).—6-6 G. of Br (2 mols.) in 4 c.c. of ACOH were 
added to a boiling solution of 5-6 g. of ethyl -nitrophenylazoacetoacetate (1 mol.) in 2-5 c.c. 
of AcOH. On cooling, ethyl p-nitrophenylazo-yy-dibromoacetoacetate separated; it crystallised 
from EtOH in pale yellow, long, slender prisms, m. p. 134° (Found: Br, 36-8. C,,H,,O;N;Br, 
requires Br, 36-6%). 
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By similar methods were also obtained ethyl 2-bromo-4-nitrophenylazo-yy-dibromoacetoacetate, 
pale yellow, long, slender prisms from EtOH, m. p. 167° (Found: Br, 46-4. C,,H,,O;N;Br, 
requires Br, 46:5%); ethyl 2: 6-dibromo-4-nitrophenylazo-yy-dibromoacetoacetate, yellow, 
irregular, rhombic plates from EtOH, m. p. 153° (Found: Br, 53-9. C,,H,O;N,Br, requires 
Br, 53-75%) ; ethyl o-nitrophenylazo-yy-dibromoacetoacetate, deep yellow, large, irregular, lustrous 
plates from petroleum (b. p. 60—80°), m. p. 116° (Found: Br, 36-4%); ethyl m-nitrophenylazo- 
yy-dibromoacetoacetate, pale yellow, slender, short, hair-like prisms from EtOH, m. p. 117° 
(Found: Br, 36-6%). 

Action of Excess of Bromine upon Ethyl p-Nitrophenylazoacetoacetate and of Bromine (3 mols.) 
upon a-Ketopropaldehyde-p-nitrophenylhydrazone. Formation of BBw-Tribromo-«-ketopropalde- 
hyde-p-nitrophenylhydrazone (V).—(1) 14 G. of Br in 10 c.c. of ACOH were added to a solution 
of 5-6 g. of ethyl p-nitrophenylazoacetoacetate in 25 c.c. of ACOH, and the mixture heated for 
12 hr. on a water-bath. $8w-Tribromo-a-ketopropaldehyde-p-nitrophenylhydrazone separated 
slowly ; it crystallised from AcOH in light yellow, thin, flattened prisms, m. p. 194° (Found: 
Br, 54-2. C,H,O,N,Br, requires Br, 54-0%). 

(2) 3-6 G. of Br (3 mols.) in 5 c.c. of AcOH were added to a boiling solution of 2 g. of «-keto- 
propaldehyde-p-nitrophenylhydrazone (1 mol.) in 15 c.c. of AcOH. {$$w-Tribromo-«-keto- 
propaldehyde-p-nitrophenylhydrazone separated as a yellow solid on cooling; after crystn. 
from AcOH it was identical with the compound prepared as above. 

By similar methods have been prepared S8w-tribromo-a-ketopropaldehyde-2-bromo-4-nitro- 
phenylhydrazone, pale yellow, long, slender needles from AcOH, m. p. 186° (Found: Br, 60-9. 
C,H,O,N,Br, requires Br, 61-:1%); Sw-iribromo-a-ketopropaldehyde-2 : 6-dibromo-4-nitro- 
phenylhydrazone, pale yellow, flattened prisms from AcOH, m. p. 128° (Found: Br, 66-2. 
C,H,O,N,Br, requires Br, 66°-4%); Bw-tribromo-a-ketopropaldehyde-m-nitrophenylhydrazone, 
pale yellow, long, slender prisms from AcOH, m. p. 158° (Found: Br, 53-8%); 88«-iribromo-a- 
ketopropaldehyde-o-nitrophenylhydrazone (by the action of 3 mols. of Br upon «-ketopropaldehyde- 
o-nitrophenylhydrazone), deep yellow, very long, slender prisms from AcOH, m. p. 145-5° 
(Found: Br, 53-7%); ®8w-tribromo-a-ketopropaldehyde-4-bromo-2-nitrophenylhydrazone (by 
the prolonged action of excess of Br upon ethyl o-nitrophenylazoacetoacetate or «-ketoprop- 
aldehyde-o-nitrophenylhydrazone, and also by the action of 3 mols. of Br upon «-ketoprop- 
aldehyde-4-bromo-2-nitrophenylhydrazone), yellow, thin, flattened prisms from AcOH, m. p. 
160° (Found : Br, 60-8%). 

Action of Bromine (1 mol.) upon a-Ketopropaldehyde-p-nitrophenylhydrazone. Formation 
of w-Bromo-a-kelopropaldehyde-p-nitrophenylhydrazone.—4-8 G. of Br (1 mol.) in 6 c.c. of ACOH 
were added to a solution of 8 g. of «-ketopropaldehyde-p-nitrophenylhydrazone (1 mol.) and 
4 g. of cryst. NaOAc (1 mol. + excess) in 100 c.c. of ACOH. After 1 hr., on addition of H,O, 
«-bromo-a-ketopropaldehyde-p-nitrophenylhydrazone separated in practically quant. yield. It 
crystallised from AcOH in yellow, large, four-sided, obliquely truncated prisms, m. p. 233° 
(Found: Br, 27-9. C,H,O,N,Br requires Br, 27-95%). 

In a similar manner were prepared w-bromo-a-ketopropaldehyde-2-bromo-4-nitrophenyl- 
hydrazone, pale yellow, very slender needles from EtOH, m. p. 162° (Found: Br, 43-5. 
C,H,O,N,Br, requires Br, 43-8%); w-bromo-a-ketopropaldehyde-2 : 6-dibromo-4-nitrophenyl- 
hydrazone, pale yellow, slender, long, flattened prisms from EtOH, m. p. 156° (Found : Br, 53-7. 
C,H,O;,N,Br, requires Br, 54-0%); w-bromo-a-ketopropaldehyde-o-nitrophenylhydrazone, yellow, 
long, slender, deep, flattened, irregular prisms from AcOH, m. p. 185° (Found: Br, 28-1%); 
«-bromo-a-ketopropaldehyde-m-nitrophenylhydrazone, pale yellow, short needles from EtOH, 
m. p. 214° (Found: Br, 27-8%). 

Action of Bromine (2 mols.) upon a-Ketopropaldehyde-p-nitrophenylhydrazone. Formation 
of Bw-Dibromo-a-ketopropaldehyde-p-nitrophenylhydrazone.—9-6 G. of Br (2 mols.) in 8 c.c. of 
AcOH were added to a solution of 8 g. of a-ketopropaldehyde-p-nitrophenylhydrazone (1 mol.) 
in 30 c.c. of ACOH at 90°. On cooling, Bw-dibromo-a-ketopropaldehyde-p-nitrophenylhydrazone 
separated. It crystallised from AcOH in clusters of small yellow needles, m. p. 228° (Found : 
Br, 43-7. C,H,O,N,Br, requires Br, 43-8%). 

In a similar manner were obtained Bw-dibromo-a-ketopropaldehyde-2-bromo-4-nitrophenyl- 
hydrazone, deep yellow, large prisms from EtOH, m. p. 177° (Found: Br, 54:1. C,H,O,;N,Br; 
requires Br, 54-0%); Bw-dibromo-a-ketopropaldehyde-2 : 6-dibromo-4-nitrophenylhydrazone, yel- 
low, long, slender needles from EtOH, m. p. 136° (Found: Br, 61-1. C,H,;O,N,Br, requires 
Br, 61:1%); Sw-dibromo-a-ketopropaldehyde-o-nitrophenylhydrazone, deep yellow, very long, 
slender prisms from EtOH, m. p. 175° (Found: Br, 43-6%). 

w-A mino-a-ketopropaldehyde-p-nitrophenylhydrazone was obtained in quant. yield by stirring 


a _ to Bidens 
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«-bromo-«-ketopropaldehyde-p-nitrophenylhydrazone into sat. alc. NH;. It separated from 
EtOH in scarlet, long, slender prisms, m. p. 240° (decomp.) (Found: N, 25-4. C,H,.O;N, 
requires N, 25-2%). w-Amino-a-ketopropaldehyde-o-nitrophenylhydrazone, similarly prepared, 
crystallised from EtOH in scarlet, long, slender, four-sided prisms, m. p. 174° (Found: N, 
25-0%). 

w-A nilino-a-ketopropaldehyde-p-nitrophenylhydrazone, prepared by boiling an alc. solution 
of w-bromo-«-ketopropaldehyde-p-nitrophenylhydrazone with aniline, crystallised from EtOH 
in deep yellow, large, somewhat flattened prisms, m. p. 167° (Found: N, 18-8. C,;H,O3N, 
requires N, 18-8%). «w-Anilino-a-ketopropaldehyde-o-nitrophenylhydrazone, similarly prepared, 
crystallised from EtOH in orange, long, slender, flattened prisms, m. p. 140° (Found : .N, 18-6%). 

4-Hydroxy-3-carbethoxy-1-(4'-nitrophenyl) pyrazole (V1).—1-5 G. of KOAc (1 mol.) were added 
in small quantities at a time to 5 g. of ethyl p-nitrophenylazo-y-bromoacetoacetate (1 mol.) 
in 75 c.c. of boiling EtOH; the solution darkened and KBr separated. On cooling, and addition 
of H,O, 4-hydroxy-3-carbethoxy-1-(4’-nitroplenyl)pyrazole separated as a light brown solid. It 
crystallised from EtOH in colourless hair-like needles, m. p. 220° (Found : N, 14:9. C,.H,,0O;N; 
requires N, 15-15%). Its acetyl derivative, made by warming it with Ac,O—H,SO,, crystallised 
from EtOH in colourless flattened prisms with domed ends, m. p. 167° (Found: N, 13-4. 
C,4H,,;0,N; requires N, 13-2%). 

In a similar manner were obtained: 4-Hydvoxy-3-carbethoxy-1-(2’-bromo-4’-nitrophenyl)- 
pyrazole, colourless, long, slender, flattened prisms from EtOH, m. p. 189° (Found: Br, 22-6. 
C,2.H,,O;N,Br requires Br, 22-45%); acetyl derivative, colourless, long, slender, four-sided 
prisms from EtOH, m. p. 138-5° (Found: Br, 20-0. C,,H,,0,N,Br requires Br, 20-1%) : 
4-hydroxy-3-carbethoxy-1-(2’ : 6’-dibromo-4'-nitrophenyl)pyrazole, colourless rectangular plates 
from EtOH, m. p. 170° (Found: Br, 37-0. C,,H,O;N,Br, requires Br, 36-8%); acetyl deriva- 
tive, clusters of colourless small plates from EtOH, m. p. 148° (Found : Br, 33-2. C,,H,,O,N,Br, 
requires Br, 33-5%) ; benzoyl derivative, prepared by a Schotten—Baumann reaction, in colourless 
compact prisms from EtOH, m. p. 143° (Found : Br, 29-6. C,gH,,0,N,;Br, requires Br, 29-7%) : ° 
4-hydroxy-3-carbethoxy-1-(2’-nitrophenyl)pyrazole, colourless, large, six-sided prisms from C,Hg, 
m. p. 153° (Found: N, 15-1%); acetyl derivative, colourless, compact, elongated, six-sided 
prisms from EtOH, m. p. 115° (Found: N, 13-3%) : 4-hydroxy-3-carbethoxy-1-(3’-nitrophenyl)- 
pyrazole, colourless, long, very slender prisms from EtOH, m. p. 199° (Found: N, 15-0%); 
acetyl derivative, colourless, slender, flattened prisms from EtOH, m. p. 140-5° (Found: N, 
13-0%). 

Bromination of 4-Hydvroxy-3-carbethoxy-1-(4’-nitrophenyl)pyrazole. Formation of 5-Bromo- 
4-hydroxy-3-carbethoxy-1-(4’-nitrophenyl)pyrazole (as V1).—0-8 G. of Br (1 mol.) in 2 c.c. of 
AcOH were added to a boiling solution of 1 g. of 4-hydroxy-3-carbethoxy-1-(4’-nitropheny]l)- 
pyrazole in 15 c.c. of AcOH; on cooling, 5-bromo-4-hydroxy-3-carbethoxy-1-(4'-nitrophenyl)- 
pyrazole separated. It crystallised from AcOH in colourless, slender, four-sided prisms, m. p. 
163° (Found : Br, 22-6. C,,H,,0;N,Br requires Br, 22-45%). Its acetyl derivative crystallised 
from EtOH in colourless, irregular, rhombic plates, m. p. 126° (Found: Br, 19-8. C,,H,;,0,N,Br 
requires Br, 20-1%). 

5-Bromo-4-hydroxy-3-carbethoxy-1-(4’-nitrophenyl)pyrazole, identical in all respects with 
the above compound, was also obtained by adding 2 g. of KOAc (1 mol.) to a boiling solution 
of 6 g. of ethyl p-nitrophenylazo-yy-dibromoacetoacetate in 80 c.c. of EtOH. On cooling, and 
addition of H,O, it separated as a light brown solid. 

The following have been prepared by both of the above methods: 5-bromo-4-hydroxy-3- 
carbethoxy-1-(2’-bromo-4’-nitrophenyl)pyrazole, colourless, long, slender prisms from EtOH, 
m. p. 218° (Found : Br, 36-6. C,,H,O;N,Br, requires Br, 36-8%); acetyl derivative, colourless, 
thin, flattened prisms from EtOH, m. p. 108° (Found: Br, 33-5. C,4H,,O,N;Br, requires 
Br, 33-5%): 5-bromo-4-hydroxy-3-carbethoxy-1-(2’ : 6’-dibromo-4’-nitrophenyl)pyrazole, colour- 
less, compact, rectangular prisms with domed ends from EtOH, m. p. 209-5° (Found: Br, 
46-5. C,,H,O;N;Br, requires Br, 46°7%); acetyl derivative, colourless, irregular, rhombic 
plates from EtOH, m. p. 126° (Found: Br, 43-0. C,,H,,O,N,Br, requires Br, 43-1%): 5- 
bromo-4-hydroxy-3-carbethoxy-1-(2’-nitrophenyl)pyrazole, colourless, long, compact, four-sided 
prisms from EtOH, m. p. 161°, which turn brown on exposure to light (Found: Br, 22-5%) ; 
acetyl derivative, colourless, compact, rectangular, flattened prisms from EtOH, m. p. 111° 
(Found: Br, 19-9%): 5-bromo-4-hydroxy-3-carbethoxy-1-(3'-nitrophenyl)pyrazole, colourless, 
compact, flattened prisms with domed ends from EtOH, m. p. 167° (Found: Br, 22-3%). 
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117. The Action of Bromine upon Arylazobenzoylacetones. 
By F. D. Cuatraway and R. J. Lye. 


BROMINE acts upon the similarly constituted compounds, Ar‘NH:N:CAc-COR, formed by 
coupling diazonium salts with benzoyl-, acetyl-, or formyl-acetone (R = Ph, Me, or H), 
in the same way as it does upon arylazoacetoacetates (see preceding paper). Its action 
upon the arylazobenzoylacetones is now described. 

When two molecular equivalents of bromine act at the ordinary temperature upon 
phenylazobenzoylacetone dissolved in acetic acid containing a little water or sodium 
acetate, w-bromophenylglyoxal-p-bromophenylhydrazone (1) is produced. 


COMe | Bro 
C Nene 3 BK NHN 3S 
COPh (.)  COPh 
Br Br Br COMe 


Br, 


Br SNH-NiC <* BrC SNH-NiC 
(I) COPh COPh 


Further action of bromine upon this compound, even when excess is used, only takes 
place at a higher temperature; a second atom then enters the nucleus in an 0-position, 
and w-bromophenylglyoxal-2 : 4-dibromophenylhydrazone (II) is produced. This compound 
is also formed when one molecular equivalent of bromine acts at the ordinary temperature 
upon 2: 4-dibromophenylazobenzoylacetone dissolved in acetic acid in the presence of 
sodium acetate. 

The corresponding «-bromophenylglyoxal-2 : 4 : 6-tribromophenylhydrazone is similarly 
obtained from 2 : 4 : 6-tribromophenylazobenzoylacetone. 

In glacial acetic acid solution, in absence of water or sodium acetate, the action of 
bromine upon phenylazobenzoylacetone causes, in addition to similar substitution in the 
phenyl nucleus, successive substitution in the acetyl group, 4-bromo-l : 2 : 3-triketo-1- 
phenylbutane-2-phenylhydrazone and 4: 4-dibromo-l : 2: 3-triketo-l1-phenylbutane-2- 
phenylhydrazone being formed. 

Compounds containing either one or two bromine atoms in the acetyl group are 
formed practically quantitatively as successive stages in the bromination of 2 : 4-dibromo- 
phenylazobenzoylacetone and of 2 : 4 : 6-tribromophenylazobenzoylacetone, and can easily 
be isolated, but the regulation of the bromination of phenylazobenzoylacetone is more 
difficult, only the product of the action of three molecules of bromine, 4 : 4-dibromo- 
1 : 2 : 3-triketo-1-phenylbutane-2-p-bromophenylhydrazone, CgH,BreNH-N:CBz-CO-CHBry, 
being easily isolated. 

The action of chlorine upon the arylazobenzoylacetones is more difficult to regulate 
than that of bromine, and though the acetyl group as a whole is very readily replaced by 
chlorination in glacial or slightly diluted acetic acid, the conditions under which substitution 
in the acetyl group alone occurs have not yet been found. 

The bromine atom in the w-bromophenylglyoxalarylhydrazones is very reactive, and 
is readily replaced by various other groups, ¢.g., 

Bromine atoms substituted in the acetyl group cannot be similarly replaced, since 
reagents such as ammonia or potassium acetate bring about elimination of hydrogen 
bromide and ring closure with formation of derivatives of 4-hydroxypyrazole (cf. pre- 
ceding paper). 4-Hydroxy-3-benzoyl-1-(2' : 4’-dibromophenyl)pyrazole, thus obtained from 
4-bromo-1 : 2 : 3-triketo-1-phenylbutane-2-(2' : 4'-dibromophenylhydrazone), on further brom- 
ination yields 5-bromo-4-hydroxy-3-benzoyl-1-(2' : 4'-dibromophenyl)pyrazole, which is also 
obtained by the elimination of hydrogen bromide from 4 : 4-dibromo-] : 2 : 3-triketo-1- 
phenylbutane-2-(2’ : 4’-dibromophenylhydrazone). 


EXPERIMENTAL. 


Phenylazobenzoylacetone.—9 G. of aniline (1 mol.) were diazotised (40 c.c. conc. HCl, 7 g. 
NaNO,) and the solution was added slowly to a well-stirred solution of 18 g. of benzoylacetone 
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(1 mol. + excess) in 100 c.c. of ice-cold EtOH containing 80 g. of cryst. sodium acetate in 
suspension. Phenylazobenzoylacetone began to separate almost at once; it crystallised from 
EtOH in golden prisms, m. p. 90—95° (yield, 90%) (Found: N, 10-4. Calc. for C,,H,,0.N,: 
N, 10-5%). Beyer and Claisen (Ber., 1888, 21, 1705) give m. p. 99°. 

In a similar way other coupled products of benzoylacetone were made. 2: 4-Dibromo- 
phenylazobenzoylacetone, yellow flattened prisms with domed ends, from AcOH, m. p. 160° 
(Found: Br, 37-8. (C,gH,,0,N,Br, requires Br, 37-7%); acetyl derivative compact, colour- 
less, four-sided prisms, m. p. 171°, from EtOH (Found: Br, 34-6. C,,H,,0,;N,Br, requires 
Br, 34:3%). 2:4: 6-Tribromophenylazobenzoylacetone, dull yellow, rhombic plates, m. p. 112°, 
from AcOH (Found: Br, 47-9. C,,H,,O,N,Br, requires Br, 47-7%); acetyl derivative, long, 
slender, flattened, colourless prisms, m. p. 159°, from EtOH (Found: Br, 44-4. C,,H,,0;N,Br, 
requires Br, 44:0%). 

«-Bromophenylglyoxal-p-bromophenylhydrazone (1).—3-2 G. of Br (2 mols.) in 4 c.c. of ACOH 
were added to a cooled solution of 2-7 g. of phenylazobenzoylacetone (1 mol.) and 2-7 g. of 
NaOAc (2 mols.) in 20 c.c. of ACOH. On standing and addition of water, the p-bromophenyl- 
hydrazone (I) separated; it crystallised from AcOH in very pale yellow needles, m. p. 197° 
(yield, 60%) (Found: Br, 42-0. C,,H,,ON,Br, requires Br, 41-9%). 

The w-anilino-compound, prepared from 0-5 g. of the p-bromophenylhydrazone and excess 
of aniline in boiling EtOH (10 c.c.), separated on cooling, and crystallised from EtOH in long, 
flattened, obliquely-truncated, yellow prisms, m. p. 165° (Found: Br, 20-1. C,)H,,ON,Br 
requires Br, 20-3%). It is phototropic and becomes deep red on exposure to light. 

Further Action of Bromine (1 mol.) upon w-Bromophenylglyoxal-p-bromophenylhydrazone.— 
1 G. of Br (1 mol.) in 3 c.c. of ACOH was added to a hot solution of 2 g. of w-bromophenyl- 
glyoxal-p-bromophenylhydrazone (1 mol.) in 20 c.c. of ACOH. On cooling, w-bromophenyl- 
glyoxal-2 : 4-dibromophenylhydrazone (11) separated quantitatively. It crystallised from EtOH 
in long, slender, colourless prisms, which became yellow on exposure to light; m. p. 122° 
(Found: Br, 52-2. C,,H,ON,Br,; requires Br, 52-1%). 

The w-anilino-compound crystallised from EtOH in long, slender, pale yellow prisms, ° 
m. p. 137° (Found: Br, 33-7. C. H,,ON,Br, requires Br, 33-8%). 

«-Bromophenylglyoxal-2 : 4 : 6-tribromophenylhydrazone.—1-6 G. of Br (1 mol.) in 4 c.c. of 
AcOH were added to a cooled solution of 5 g. of 2: 4: 6-tribromophenylazobenzoylacetone 
(1 mol.) and 1-4 g. of NaOAc (1 mol.) in 35 c.c. of ACOH. On addition of H,O the w-bromo- 
compound separated. It crystallised from AcOH in a mass of small, colourless, hair-like 
needles, m. p. 132° (yield, 60%) (Found: Br, 59-3. C,,H,ON,Br, requires Br, 59-3%). 

w-Chlorophenylglyoxal-2 : 4 : 6-iribromophenylhydrazone.—Cl was bubbled in a slow stream 
through a suspension of 2:4: 6-tribromophenylazobenzoylacetone in AcOH. Heat was 
evolved and a clear solution formed, from which, on addition of H,O, w-chlorophenylglyoxal- 
2:4: 6-tribromophenylhydrazone separated. It crystallised from EtOH in felted, colourless 
needles, m. p. 142° (Found: Cl, 7-1; Br, 48-1. C,,H,ON,CIBr, requires Cl, 7-2; Br, 48-4%). 

w-A nilinophenylglyoxal-2 : 4 : 6-tribromophenylhydrazone, prepared by boiling either of the 
above w-halogeno-compounds with aniline in EtOH, crystallised from EtOH in pale yellow, 
flattened prisms, m. p. 118° (Found: Br, 43-8. C,9H,,ON,Br, requires Br, 43-5%). 

4: 4-Dibromo-1 : 2 : 3-triketo-1-phenylbutane-2-p-bromophenylhydrazone—4:'8 G of Br (3 
mols.) in 5 c.c. of ACOH were added to a solution of 2-7 g. of phenylazobenzoylacetone (1 mol.) 
in 10 c.c. of ACOH at about 40°. HBr was copiously evolved and a deep red solution formed, 
from which, on cooling, the above compound (3-5 g.) separated. It crystallised from boiling 
CHCl,-EtOH in long, flattened, golden-yellow needles, m. p. 177° (decomp.) (Found: Br, 
48-0. C,,H,,O,N,Br, requires Br, 47-7%). 

4-Bromo-1 : 2 : 3-tviketo-1-phenylbutane-2-(2’ : 4’-dibromophenylhydrazone), prepared by add- 
ing 1-6 g. of Br (1 mol.) in 3 c.c. of ACOH to a boiling solution of 4-3 g. of 2 : 4-dibromophenyl- 
azobenzoylacetone (1 mol.) in 20 c.c. of ACOH, separated (4-6 g.) on cooling; it crystallised from 
boiling C,H, in small, flattened, yellow prisms, m. p. 170° (decomp.) (Found: Br, 47:2. 
C,,H,,0,N,Br, requires Br, 47-7%). 

The corresponding 4 : 4-dibvomo-compound, prepared similarly, formed slender, flattened, 
deep yellow prisms from C,H,, m. p. 187° (decomp.) (Found: Br, 55-2. C gH O,N,Br, 
requires Br, 55-0%). 

4-Bromo- and 4: 4-dibromo-1 : 2 : 3-triketo-1-phenylbutane-2-(2’ : 4’ : 6’-tribromophenylhydr- 
azone) formed long, slender, lemon-yellow prisms from CHCl;, m. p. 158° (decomp.) (Found : 
Br, 55:1. Cj gH,)O,N,Br, requires Br, 55-0%), and flattened, deep yellow prisms from C,Hg, 
m. p. 156° (decomp.) (Found: Br, 60-5. C,,H,O,N,Br, requires Br, 60-5%), respectively. 
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4-Hydroxy-3-benzoyl-1-(2’ : 4’-dibromophenyl)pyrazole—5 G. of finely powdered 4-bromo- 
1 : 2: 3-triketo-1-phenylbutane-2-(2’ : 4’-dibromophenylhydrazone) (1 mol.) were added in 
portions to a boiling solution of 2 g. of KOAc (excess) in 20 c.c. of EtOH. Sufficient heat 
was evolved to keep the solution boiling, and a pale yellow solution was formed. On cooling, 
and addition of H,O, the 4-hydroxy-pyrazole separated almost quantitatively. It crystallised 
from AcOH in very pale yellow, slender, flattened prisms, m. p. 171° (Found: Br, 38-2. 
C,,H,,O,N,Br, requires Br, 37-9%). 

5-Bromo-4-hydroxy-3-benzoyl-1-(2’ : 4’-dibromophenyl)pyrazole, similarly prepared from the 
4: 4-dibromo-butane, crystallised from AcOH in colourless flattened prisms, m. p. 127° 
(Found: Br, 47:85. C,,H,O,N,Br, requires Br, 47-9%). This compound was also obtained 
by the action of 0-3 g. of Br (1 mol.) upon a boiling solution of 0-5 g. of 4-hydroxy-3-benzoyl- 
1-(2’ : 4’-dibromopheny]l)pyrazole (1 mol.) in 5 c.c. of AcOH. 

4-Hydroxy-3-benzoyl-1-(2’ : 4’ : 6’-tribromophenyl)pyrazole, prepared by the action of alc. 
KOAc upon 4-bromo-] : 2 : 3-triketo-l-phenylbutane-2-(2’ : 4’ : 6’-tribromophenylhydrazone), 
crystallised from boiling AcOH in colourless prisms, m. p. 206° (Found : Br, 48-1. C,,H,O,N,Br, 
requires Br, 47-9%). The acetyl derivative, prepared by warming it with Ac,O and a drop of 
conc. H,SQ,, crystallised from EtOH in long, slender, colourless prisms, m. p. 140° (Found : 
Br, 44-4. C,,H,,O,N,Br, requires Br, 44-2%). 

5-Bromo-4-hydroxy-3-benzoyl-1-(2’ : 4’ : 6’-tribromophenyl)pyrazole was prepared both by 
brominating 4-hydroxy-3-benzoyl-1-(2’ : 4’ : 6’-tribromophenyl)pyrazole and by heating 4: 4- 
dibromo-] : 2 : 3-triketo-1-phenylbutane-2-(2’ : 4’ : 6’-tribromophenylhydrazone) with alc. 
KOAc. It separated from AcOH in colourless compact prisms, m. p. 178° (Found: Br, 55-6. 
C,,H,O,N,Br, requires Br, 55-2%). Its acetyl derivative crystallised from EtOH in colourless 
flattened prisms with domed ends, m. p. 117° (decomp.) (Found: Br, 51-6. C,,H,O;N.Br, 
requires Br, 51-4%). 


THE QUEEN’s COLLEGE LABORATORY, OXFORD. (Received, February 14th, 1933.] 





118. Comparison of the Directive Powers of Elements having Consecutive 


Atomic Numbers. Part V. The Nitration of 9-Phenylxanthylium 


Perchlorate. 
By R. J. W. LE FEvreE and J. PEARSON. 


DittTHEY’s conclusion (Ber., 1920, 53, 261) that pyrylium salts are best formulated as 
“carboxonium ”’ salts (I) is not supported by the results obtained in the nitration of 
2:4: 6-triphenylpyrylium perchlorate, for this substance, so formulated, would contain 
three phenyl groups roughly symmetrically disposed about a diffuse positive charge and the 
formation of 4-p-nitrophenyl-2 : 6-di-(m-nitrophenyl)pyrylium perchlorate (Le Févre and 
Le Févre, J., 1932, 2894) would be unlikely The actual result suggests that the positive 
charge is situated either on or close to the oxygen atom. 


eNMes ©10.° 


/LH-LRL_ ACR=CR._ gw aN 
<= O | X~- RCS———__09} X (III.) 

CH—tR’ CR=CR \IA 

(I.) (II.) CPh 


Further evidence in the same direction has now been found in the facts that (1) 
xanthylium ferrichloride is unaffected by nitric acid of a strength which dinitrates xanthone, 
and (2) 9-phenylxanthylium perchlorate, which Dilthey (/oc. cit.) regards as a 9-carbonium 
salt (cf. also Dilthey and Wizinger, Ber., 1932, 65, 1329), readily yields a mononttro- 
derivative, which is highly resistant to further nitration, gives p-nitrobenzoic acid on 
oxidation, and is evidently 9-p-nitrophenylxanthylium perchlorate. 

Obviously neither xanthylium ferrichloride nor 9-phenylxanthylium perchlorate con- 
tains bicovalent oxygen—the presence of which would lead to di- and tri-nitration 
respectively—and therefore neither substance has the 9-carbonium structure which implies 
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it. Further, the resistance of both to nitration and to halogenation (in boiling acetic 
acid) indicates that formule which represent the pyrylium nucleus as containing an 
aromatic sextet are untenable, because the formation of such a sextet would deprive the 
two benzo-nuclei of aromatic properties. 

The correct formula for the pyrylium nucleus has thus only to show: (1) intimate 
connexion between positions 1 : 4 and 1 : 2 (since the salts are formed from -bases with 
hydroxyl in position 2 or 4); (2) the positive charge removed sufficiently far from the 
4-position to allow f-substitution to be effected in a phenyl nucleus situated there. It is 
considered that these properties are adequately represented by the formula (II), which 
indicates that the sextet left on the 4-carbon atom by dissociation of a halide anion has 
been neutralised in the most obvious manner by co-ordination with the oxygen atom, 
which has thus become the seat of the positive charge.* All formations of pyrylium 
salts can be regarded similarly, co-ordination occurring at either the 4- or the 2-position 
as a sequel to an immobile carbinol passing into the more mobile chloride (or similarly 
stable anion-producing salt). 

On this basis the relative stabilities of oxonium salts depend upon the relative powers 
of bicovalent oxygen and the various anions to act as donors in a co-ordination process. 
Hence it is that salts with stable anions (Cl, ClO,, etc.) are stable oxonium salts, whereas 
the corresponding bases are unstable, the hydroxyl (prone to co-ordination; cf. anion- 
otropy) readily co-ordinating on the 9-carbon atom synchronously with the displacement 
of the OC dative link and the consequent appearance of a #-base. 

On such a formula the present substitution results and those recently reported are 
consistent with known facts of benzene substitution. The 4-phenyl group is attached to 
a neutral carbon atom isolated from the positive pole by two ethylenic bonds and one 
long single bond, probably ca. 3 A. in length. The experiments of Baker and Wilson (J., 
1927, 842) having indicated that a double bond is an efficient neutraliser of inductive . 
electronic strain (cf. Ingold, Ann. Reports, 1926, 131), it is evident that the chief path by 
which polar influences can be relayed to the 9-phenyl group is the 1 : 4-bond, 7.e., a distance 
not less than that separating pole from nucleus in the $-phenylethyltrimethylammonium 
salts in which 0,p-substitution largely occurs (Goss, Hanhart, and Ingold, J., 1927, 250). 
Remembering, in addition, that in our cases the —I effect of the oxonium pole available at 
the 4-carbon atom is only residual—much adjustment having been effected by the groups 
attached at the 2- and 6-positions—it will be conceded that the phenyl group attached 
to the 4-carbon atom is in a situation not unlike that of phenyl in 4-nitrodipheny] (Fittig, 
Annalen, 1862, 124, 276) and is therefore more likely to suffer p- than m-substitution. 

Action of Nitric Acid on 9-Phenyl-10-methylacridinium Perchlorate (?).—From the 
water-soluble methiodide of 9-phenylacridine (Bernthsen, Annalen, 1884, 224, 13), by 
interaction with hydroferrichloric and perchloric acids, we have obtained what should be 
9-phenyl-10-methylacridinium ferrichloride (mentioned, but not analysed, by Biinzly and 
Decker; Ber., 1904, 37, 2931) and perchlorate (III) respectively. The analytical data 
obtained for the two substances, however, and also for the picrate do not agree with a 
formulation such as (III). 

In view of the uncertainty regarding its nature, the nitration of the perchlorate has 
not been examined in detail: it is fairly resistant to nitric acid, undergoing approximate 
mononitration by solution in this reagent at room temperature. 


EXPERIMENTAL. 


Xanthylium Ferrichloride.—Xanthhydrol (5 g.) was dissolved in conc. HCl (100 c.c.), and 
sat. FeCl, aq. (100 c.c.) added; a yellow cryst. ppt. formed, m. p. 195—197°. 

Niiration. The ferrichloride was dissolved in HNO, (d 1-5; 50 c.c.) and left at room temp. 
for 1} hr. From the solution, made up to 100 c.c. with ice, sat. FeCl, aq. (100 c.c.) then pptd. 
largely unchanged ferrichloride (mixed m. p.) (Found: N, 0-6. Calc. for mononitro-deriv.: 
N, 33%). 

9-Phenylxanthylium Perchlorate.—9-Phenylxanthenol (Biinzly and Decker, Joc. cit.) (20 g.) 

* Intra-annular electron duplet transfers of this type in the case of various y-pyrones are strongly 
indicated by the dipole moment measurements of Hunter and Partington (this vol., p. 87). 
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was dissolved in conc. HCl (250 c.c.) by warming on the water-bath, and cold conc. HCl 
saturated with NaClO, (400 c.c.) was added. The ppt. obtained (32 g.) formed orange plates, 
m. p. 274—275°, after three crystns. from AcOH-—HCIOQ, aq. 

Nitration. The perchlorate was recovered unchanged after treatment for 2-7 hr. with 
HNO, (d 1-42) at 100°. 

Five 1-g. lots of the perchlorate were separately dissolved in HNO, (d 1-5; 20 c.c.) and left 
for times varying from 1-5 to 28 hr. Dilution with ice to 80 c.c. and addition of 40% NaClo, 
aq. (95 c.c.) then gave orange microcryst. powders (1-5—1-6 g.) with m. p.’s varying with the 
time of nitration, the highest being 244—246° for the 1-5 hr. nitration product. The powders 
depressed (by ca. 40°) the m. p. of the unnitrated perchlorate, but produced no depression in 
each other’s m. p. (Found: N, 4:1. C,,H,,0O,NCI requires N, 3-5%. C,g9H,,O,N,Cl requires 
N, 63%). Three recrystns. of the combined material from AcOH-HCIO, aq. gave orange 
plates, m. p. 257—258°. 

The nitrated perchlorate (1 g.) was dissolved in a little AcOH, poured into cold H,O 
(300 c.c.), and kept over-night. The ppt. formed was recrystallised from aq. EtOH, 9-p-nitro- 
phenylxanthenol being obtained in stout white needles, m. p. 116—118° (Found: N, 4-6. 
C49H,,;0,N requires N, 4:-4%). 

Oxidation of the nitration product. The pure nitrophenylxanthylium perchlorate (3 g.) was 
heated in a sealed tube at 170° with 10% HNO, (30 c.c.) for 4 hr., and the filtered yellow 
solution then allowed partly to evaporate in vac. over KOH. The solid obtained, after 
recrystn. from H,O, had m. p. 228—230°, raised by admixture with authentic p-nitrobenzoic 
acid (Found: C, 49-8; H, 3-1. Calc.: C, 50-3; H, 3-0%). 

9-p-Chlorophenylxanthenol and 9-p-Chlorophenylxanthylium Perchlorate——To the Grignard 
solution prepared from p-chlorobromobenzene (8-5 g.), Mg (1 g.), and Et,O (150 c.c.) was added 
a solution of xanthone (8 g.) in hot C,H, (100 c.c.).. The whole was refluxed for 1 hr. and 
then extracted several times with conc. HCl (total, 200 c.c.). The HCl solution was diluted 
with 200 c.c. of H,O and just neutralised with NH, aq.; the solid obtained, recryst. from aq. 
MeOH, gave 9-p-chlorophenylxanthenol in white needles, m. p. 164° (Found: C, 73-8; H, 4:3; 
Cl, 11-4. C,9.H,,0,Cl requires C, 73-9; H, 4-2; Cl, 11-5%). 

The xanthenol was dissolved in hot AcOH, and HCIO, aq. (d 1-12) added till the solution 
became cloudy. The solid obtained on cooling, after recrystn. from AcOH-—HCIO, aq., gave 
9-p-chlorophenylxanthylium perchlorate in orange-coloured needles, m. p. 280—281° (Found : 
C, 58-4; H, 3-1; Cl, 17-6. Cy gH,,0,;Cl, requires C, 58-3; H, 3-1; Cl, 18-6%). 

9-p-Bromophenylxanthenol, small white needles, m. p. 132—133°, and 9-p-bromopheny]l- 
xanthylium perchlorate, orange-coloured microscopic prisms, m. p. above 300°, were prepared 
in the same manner as the p-chloro-compounds, the initial materials being -dibromobenzene 
(10-5 g.), Mg (1 g.), and xanthone (8 g.). 

9-Phenyl-10-methylacridinium Salis.—To a solution of 9-phenyl-10-methylacridinium iodide 
in boiling H,O was added aq. HClO, (and in later expts. sat. NaClO, aq.) till no further per- 
chlorate was pptd. Recrystn. from AcOH-—HCIO, aq. produced long, dark yellow needles, 
m. p. 244—245° (Found: N, 4-4, 4:5. C,9H,,O,CIN requires N, 3-8%). By crystn. from 
AcOH-70% HClO, (15 c.c. of each) the salt appeared as before (Found: N, 4-3%). 

Addition of excess of sat. FeCl, aq. to a solution of 9-phenyl-10-methylacridinium iodide in 
hot dil. HCl produced a yellow ppt., which formed green-yellow needles, m. p. 161—162°, 
on recrystn. from AcOH-—HCI aq. (Found: N, 3-8. Calc.: N, 2-9%). 

The picrate obtained from the iodide and picric acid in hot H,O formed yellow-green plates, 
m. p. 169—170° (Biinzly and Decker give 173°), after two recrystns. from EtOH-picric acid 
aq. (Found: N, 12-8. Calc. : N, 11-3%). 

Nitration of 9-Phenyl-10-methylacridinium Perchloraie-——The crude perchlorate (1 g.) was 
dissolved in HNO, (d 1-5; 20 c.c.), left at room temp. for 1} hr., and made up to 40 c.c. with 
ice, and sat. NaClO, aq. (100 c.c.) added. The orange-yellow perchlorate obtained (1 g.) had 
m. p. 257—262° (decomp.) (Found: N, 7-7. C,9H,;O,N,Cl requires N, 68%). 


A grant from the Chemical Society is gratefully acknowledged. 


UNIVERSITY COLLEGE, LONDON, W.C.1. [Received, December 20th, 1932.] 
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119. The Preparation of Chloromethylnaphthalenes and 1: 5-Dimethyl- 
naphthalene. 
By A. R. ANDERSON and W. F. Sort. 


Banc (Bull. Soc. chim., 1923, 33, 313) states that 1-chloromethylnaphthalene may be 
obtained in 54% yield by the interaction of paraform, naphthalene, and hydrogen chloride. 
We obtained only ca. 11% under his conditions, but 42% by a modification of the method. 
The conversion of 1-chloromethylnaphthalene into 1-naphthaldehyde, l-methylnaphthalene, 
and di(chloromethyl)naphthalenes is now recorded. The dichloro-product is a mixture 
of isomerides containing 1 : 5-di(chloromethyl)naphthalene, since 1 : 5-dimethylnaphthalene 
may be obtained from it by reduction, and naphthalene-1 : 5-dicarboxylic acid by oxidation. 
This heteronuclear substitution in presence of an 0,f-orienting group is probanty due to 
partial deactivation of the adjacent nucleus by the chlorine atom. 


1-Chloromethylnaphthalene.—Paraform (40 g.), CysH, (300 g.), powdered ZnCl, (9 g.), and 
petroleum (b. p. ca. 100°; 250 g.) are stirred at 55—65° while dry HCl is passed in for 10—12 hr. 
The product is rapidly washed with H,O and dried and the hydrocarbons are removed at 30— 
40mm. 1-Chloromethylnaphthalene (100 g., m. p. 32°: picrate, yellow needles, m. p. 84°) 
distils at 130—132°/4 mm., followed by a small quantity of di(chloromethyl)naphthalenes, b. p. 
180—185°/4 mm., and some 1 : 1’-dinaphthylmethane (m. p. 109°) at 245—250°/4 mm. 

Sodium 1-naphthylmethanesulphonate, obtained in 60% yield by boiling 1-chloromethyl- 
naphthalene (30 g.), sodium sulphite (42 g.), NaOH (4 g.), and H,O (42 g.) for 3 hr., separates 
from EtOH in white flakes; on distillation with NaOH it gives a very small yield of 1-methyl- 
naphthalene (b. p. 100—105°/10 mm. : picrate, m. p. 141°). 

1-Methylnaphthalene.—Reduction of chloromethylnaphthalene with Na (4 atoms) and EtOH 
is incomplete and yields a mixture of methylnaphthalene and hydromethylnaphthalenes. The 
latter may be dehydrogenated by heating to 220° with S. A 68% yield of methylnaphthalene 
is obtained by adding Zn needles (10 g.) to a well-stirred solution of the chloro-compound (10 g.) 
in EtOH (50 c.c.) and passing dry HCl at 0° until the metal has dissolved. 

(1-Naphthylmethyl)aniline—Chloromethylnaphthalene (10 g.) and PhNH, (11 g.) at 100° 
furnish (l-naphthylmethyl)aniline (b. p. 210—215°/3 mm., m. p. 67°) in 77% yield. The 
nitrosoamine separates from ligroin in colourless plates, m. p. 57°. Oxidation of the amine 
with KMnO, in acetone at 0° gives naphthylideneaniline (m. p. 69°) in very small yield. The 
Schiff base is smoothly hydrolysed to naphthaldehyde. 

1-Naphthaldehyde.—1-Chloromethylnaphthalene (10 g.), hexamine (8 g.), and 95% EtOH 
(100 c.c.) furnish 1-naphthaldehyde (b. p. 149—152°/13 mm.: semicarbazone, m. p. 224°) 
in 60% yield when heated to boiling for 4-5 hr. 

Di(chloromethyl)naphthalene.—1-Chloromethylnaphthalene (36 g.), petroleum (b. p. 100— 
120°; 50 g.), paraform (8 g.), and powdered ZnCl, (2 g.) are maintained at 60—65° for 6 hr. 
during the passage of dry HCl. Most of the product separates on cooling and may be washed 
with H,O and recrystallised from EtOH (yield, 57%). The material (Found: Cl, 30-8. 
C,H Cl, requires Cl, 30-6%) melts indefinitely at 130—145° and the isomerides present cannot 
be separated by crystn. The crude picrate melts indefinitely and decomposes on recrystn. 
Oxidation with alkaline ferricyanide under the conditions employed by Weissgerber and 
Kriiber (Ber., 1919, 52, 352) for the oxidation of dimethylnaphthalenes gives naphthalene-1 : 5- 
dicarboxylic acid (methyl ester, m. p. 113° either alone or after admixture with an authentic 
specimen). The dichloro-compound yields insol. amorphous products with hexamine in EtOH 
solution. 

1 : 5-Dimethylnaphthalene.—Reduction of crude di(chloromethyl)naphthalene with Zn (3-3 
atoms) and alc. HCl yields a mixture (b. p. 133—136°/15 mm.: picrate, orange-red needles, 
m. p. 189—140°) of dimethylnaphthalenes which partly solidifies at — 15°. The solid obtained, 
recryst. successively from 50% acetone and 85% EtOH, melts at 80—80-5° either alone or after 
admixture with a specimen of synthetic 1 : 5-dimethylnaphthalene kindly sent to us by Prof. 
V. Vesely (Vesely and Stursa, Coll. Czech. Chem. Comm., 1931, 8, 430). The light orange-yellow 
picrate melts at 138—139° (V. and S. give 137—138°). The liquid portion of the hydrocarbon 
gives an orange-red picrate, m. p. 139—140°, indistinguishable from that of the crude hydro- 
carbon mixture. 


AUCKLAND UNIVERSITY COLLEGE, NEW ZEALAND. [Received, March 21st, 1933.] 
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120. Sirychnine and Brucine. ,Part XXIV.* Synthesis of Dinitro- 
strycholamide. 


By PETER Hitt and ROBERT ROBINSON. 


THE validity of the recognition of dinitrostrycholcarboxylic acid as 5 : 7-dinitroindole-2 : 3- 
dicarboxylic acid (Menon and Robinson, J., 1931, 773) has now been confirmed by the 
synthesis of the amide of dinitrostrychol (I), a substance which is correctly described as 
5 : 7-dinitroindole-2-carboxyamide. After attempts to nitrate suitable indole derivatives 
in the 5 : 7-positions had failed, attention was directed to a method involving indole ring- 
closure by a new process peculiarly adapted to the synthesis of 5 : 7-dinitroindole deriva- 
tives. It was thought that substances of the form II (X = Cl or OMe) would afford the 
indoles (III) by the action of ammonia and it is evident that the acid (IV) would be the 
appropriate intermediate for the synthesis of 5 : 7-dinitroindole-2-carboxylic acid (dinitro- 
strychol) by this method. 


O.N O.N CHy COR O,N/ \CH,*CO-CO,H 
| |co-nx, OMe 


O.N = ON O.N NH O.N 
(II.) (III.) (IV.) 


A ici phenylpyruvic acid such as (IV) should be obtainable from the product of 
the condensation of 3 : 5-dinitro-2-methoxybenzaldehyde and hippuric acid. 

All attempts to dinitrate o-chlorobenzaldehyde and 2-methoxybenzaldehyde were 
fruitless, but the required aldehyde was obtained by methylating dinitrosalicylaldehyde 
with diazomethane; other methods of methylation did not succeed. 

On condensation with hippuric acid, in the usual manner, 2-phenyl-4-(3’ : 5’-dinitro-2'- 
methoxybenzylidene)oxazolone (V) was obtained. Hydrolysis by means of aqueous-alcoholic 
sodium hydroxide opened the oxazolone ring but at the same time affected the methoxyl 
group and, as 2: 4-dinitrophenol is not readily convertible into dinitroaniline, it was 
necessary to employ a less energetic reagent. 

The action of methyl-alcoholic ammonia on (V) in a sealed tube at 100° led to the pro- 
duction of a neutral substance which from its properties, the analytical data, and the method 
of formation was evidently 5 : 7-dinitroindole-2-carboxyamide (I). Possible stages of the 
synthesis are represented below and some alternatives, not affecting the final interpretation, 
will be apparent. Theoretically the reaction might have yielded 6 : 8-dinitro-3-amino-2- 
hydroxyquinoline (isomeric with I), but this substance has been obtained by an unambigu- 
ous method (Menon and Robinson, J., 1932, 781) and it is quite different from the compound 
under consideration. 

Dinitrostrychol was then converted into its amide by way of the acid chloride, and this 
derivative proved to be identical with the synthetic specimen. 


le CO-NH, 
O/C CPR a, O,N//\/CHSC-NH-COPh 
oNH, Oz ; 
(v.) OMe \ ——> NH, + MeOH —> (I) + NH,-COPh 
NO, NO, 
EXPERIMENTAL. 


3 : 5-Dinitro-2-hydroxybenzaldehyde (Dinitrosalicylaldehyde)—The mixture of mononitro- 
salicylaldehydes was prepared by von Miller’s method (Ber., 1887, 20, 1928) (yield, 85% and not 
theoretical as claimed). The dinitration following Lovett and Roberts (J., 1928, 1978) gave a 
crude product in 75% yield (from salicylaldehyde) ; this was crystallised from C,H, (63% yield 
of product, m. p. 55-5—58-5°, used for the next stage), then twice more from C,H, and from aq. 


* Parts XXI, XXII, and XXIII of this series have been published in the Journal of the Polish 
Chemical Society (O. Achmatowicz, Rocz. Chem., 1932, 12, 862, 936; 1933, 18, 25). 
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AcOH; pale yellow, rhombic plates, m. p. 62—63° (Lovett and Roberts give 58—60°) (Found : 
C, 39-9; H, 2-2; N, 13-2. Calc. for C;,H,O,N,: C, 39:6; H, 1-9; N, 13-2%). The vigorous 
reaction between dinitrosalicylaldehyde (0-5 g.) and HNO, (2 c.c., d 1-5) led to the formation of 
picric acid (0-43 g.), m. p. 122°, undepressed on admixture with an authentic specimen. 

Dinitrosalicylaldehyde resembles picric acid in many of its properties and it forms a well- 
crystallised (needles), bright yellow pyridine salt. 

The phenylhydrazone crystallises from EtOH in long, glistening, brown rods, m. p. 228° 
(decomp.) (Found: N, 18-6. C,;H,)0,;N, requires N, 18-6%). 

The semicarbazone in its crude state has m. p. 237° (decomp. and variation with rate of heating) 
and crystn. from EtOH effected the separation of two modifications, (a) stout yellow prisms 
which redden at 225° (ca.) and decomp. 231°, and (b) orange-red needles, more readily sol. than 
the prisms, decomp. 239° after sintering at 225°. From MeOH a mixture of pale orange, 
feathery needles and pale orange prisms separated; these became orange-red at 190°, m. p. 
225—227° (decomp.) (Found: N, 26-3. C,H,O,N, requires N, 26-0%). 

2-Phenyl-4-(3’ : 5’-dinitro-2’-hydroxybenzylidene)oxazolone.—A mixture of powdered anhyd. 
NaOAc (8 g.), hippuric acid (18 g.), and dinitrosalicylaldehyde (21-2 g.) with Ac,O (55 c.c.) was 
heated on the steam-bath for 10 min. and well stirred. The yellow mass became at first semi- 
liquid and later solidified with a sudden change of colour to bright red. The solid was isolated 
after the addition of EtOH and then treated with boiling H,O (500 c.c.) until the ppt. became 
clear yellow (yield, 30-1 g.). The very sparingly sol. substance separated from its red solution 
in pyridine in small, quadrilateral, buff plates, m. p. 302—303° (decomp.) after washing with 
EtOH (Found: C, 54-4; H, 2-7; N, 11-7. C,,H,O,N, requires C, 54:1; H, 2-6; N, 11-8%). 

3 : 5-Dinitro-2-methoxybenzaldehyde.—Methylation of dinitrosalicylaldehyde by the Me,SO,— 
xylene-~K,CO, method was tried, but the results were not consistent and the process was quite 
unsatisfactory. 

The dinitrosalicylaldehyde (21-8 g.), suspended in dry Et,O (100 c.c.), was gradually treated 
with CH,N, (from 25 c.c. of nitrosomethylurethane; cf. Gadamer, Arch. Pharm., 1911, 249, 
658) in Et,0. The evolution of N slackened and on removal of the solvent a clear viscous, 
amber liquid remained (24-8 g.). The substance crystallised from MeOH in very pale yellow 
rosettes of needles, m. p. 86—87°, subliming at 80° in a high vac. (Found in material dried at 
room temp. in high vac.: C, 42-1, 42-2; H, 3-3, 3-2; N, 11-7. C,H,O,N,,0-5MeOH requires 
C, 42-1; H, 3-3; N, 116%. Found: MeO, 17-5%, which is intermediate between the require- 
ments for C,H,0O,N, and C,H,O,N,,0-5MeOH. Evidently the MeOH does not yield Mel in 
stoicheiometric amount). The substance is readily sol. in CHCl,, acetone, EtOAc and C,H,g, 
moderately readily sol. in the simple alcohols, and sparingly sol. in light petroleum. 

The phenylhydrazone crystallised from EtOH in brick-red, stout prisms, m. p. 214° (decomp.) 
(Found: N, 17-6. C,,H,,0;N, requires N, 17-7%). 

The semicarbazone crystallised from EtOH in yellow rods, m. p. 205° (decomp.) (Found : 
C, 38-5, 38-5; H, 3-2, 3-2; N, 24:5; MeO, 11-0, 11-0. C,H,O,N, requires C, 38-1; H, 3-2; 
N, 24-7; MeO, 11-0%). 

2-Phenyl-4-(3’ : 5’-dinitro-2’-methoxybenzylidene)oxazolone (V).—The once-cryst. dinitro- 
salicylaldehyde methyl ether (13-2 g.) was heated for 10 min. on the steam-bath with powdered 
dry NaOAc (5-4 g.), hippuric acid (12-0 g.), and Ac,O (30 c.c.); the product then crystallised 
in orange needles, isolated after washing with EtOH and H,O (13-9 g., m. p. 184°, pure enough 
for the next stage). The Jactone crystallised from EtOAc in pale orange needles, m. p. 185-5° 
(Found: C, 55-2; H, 2-9; N, 11-2. C,,H,,0,N, requires C, 55:3; H, 3-0; N, 11-4%). 

In one expt. using crude dinitrosalicylaldehyde methyl ether, a product was obtained which 
was fractionated by means of Ac,O and EtOAc. The results need not be detailed, but the 
original reaction mother-liquor deposited pale lemon-yellow needles (2-2 g. from 25 g. of crude 
aldehyde), recryst. from Ac,O, m. p. ca. 215° with softening at 205° (decomp.) (Found: C, 58-6; 
H, 3:3; N, 10-3. C,9H,,;0,N, requires C, 59-0; H, 3-2; N, 103%). This substance is insol. 
in Na,CO, aq. and gives no FeCl, reaction. 

3 : 5-Dinitro-2-hydroxy-a-benzamidocinnamic Acid.—The phenyldinitromethoxybenzylidene- 
oxazolone (1 g.) was heated for 2 hr. on the steam-bath with EtOH (25 c.c.) and NaOH aq. 
(10 c.c. of 10%); some NH, was evolved. The granular ppt. obtained on addition of HCl aq. 
was dissolved in BuOH (charcoal) and crystallised therefrom in lemon-yellow needles, darkening 
at about 200°, softening at 216° and m. p. 218° (decomp.), a behaviour unchanged by recrystn. 
from EtOAc (Found: C, 51-5; H, 3-1; N, 11-2. C,gH,,O,N, requires C, 51-5; H, 3-0; N, 
11-3%). The m. p. depends to some extent on the rate of heating. 

5 : 7-Dinitroindole-2-carboxyamide (I).—Phenyldinitromethoxybenzylideneoxazolone (1 g.) 
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was heated with MeOH-—NH, (25 c.c. sat. at 0°) in a sealed tube at 100° for 24 hr. The product 
(theo. yield) was isolated after addition to dil. HCl aq. and was crystallised from AcOH (charcoal) 
and finally from EtOH, forming cream-yellow needles, m. p. 263° (decomp.), partly subliming 
at 240—250° (Found: loss at 110° in high vac. over P,O,;, 3-4, 3-7, 3-3. Found in anhyd. 
material: C, 43-8, 43-5; H, 2-7, 2-5; N, 22-0, 22-1. C,H,O,N,,0-5H,O requires H,O, 35%. 
C,sH,O,N, requires C, 43-2; H, 2-4; N, 22.4%). The neutral substance is feebly pseudo-acidic, 
sol. in warm NaOH aq. to a yellow solution. Reduction with Zn dust and aq.-alc. HCl gives a 
colourless, blue-violet fluorescing solution which becomes brownish-red on addition of FeCl, ; 
the reaction resembles that given by dinitrostrychol. 

Dinitrostrycholamide (I)—PCl, was added in excess to a suspension of dinitrostrychol in 
CHCI,, and the reaction completed by heating on the steam-bath for 30 min. The solution was 
then poured slowly into a large excess of dil. NH, aq. and the bright yellow solid was collected 
(yield, theo.). The crude amide softened at 256°, m. p. 263°; recryst. from EtOH, m. p. 263° 
and at the same temperature when mixed with the synthetic specimen (Found : loss at 110° in 
high vac. over P,O;, 3-4. Found in anhyd. material: C, 42-9; H, 2-7; N, 225%). All the 
properties of the synthetic specimen and the specimen prepared from strychnine were found to 
be identical; the colour reactions, solubilities in ACOH and EtOH, habit of crystn., and shape 
of crystals were compared. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, March 29th, 1933.] 





121. <A Synthesis of Helminthosporin. 
By HAROLD RAISTRICK, ROBERT ROBINSON, and ALEXANDER R. TODD. 


A METABOLIC product of H elminthosporium gramineum, Rabenhorst, grown on Czapek—Dox 
solution containing 5% of glucose has been identified by analytical methods as 4:5: 8- 
trihydroxy-2-methylanthraquinone (I) (contemporaneous publication in the Biochem. J.). 
The present communication deals with the synthesis of the substance. 

The starting point was the methyl ether of y-coccinic acid (II) and we first attempted 
the preparation of this substance by the method of Schleussner and Voswinckel (Amnalen, 
1921, 422, 111) which depends on an initial condensation of chloral with m-cresotinic acid. 
The intermediates of these authors could be obtained without difficulty, but their statement 
that y-coccinic acid methy] ether is accessible by this route is erroneous. The final product 
was always a-coccinic acid or a derivative and we therefore confirm the work of Shah and 
Alimchandani (J. Indian Chem. Soc., 1931, 8, 261), who have already submitted a criticism 
of the conclusions of Schleussner and Voswinckel. 

The method of Meldrum (J., 1911, 99, 1712) was then adopted with some modifications 
for the preparation of (II). 

The anhydride of the acid was condensed with quinol dimethyl ether with the help of 
aluminium chloride in carbon disulphide solution, and the product, probably (III) from 
analogies, yielded helminthosporin, identical with the natural product, on treatment 
with hot sulphuric acid. 


HO CO MeO 0 
Me Me CO,H Me 
OH CO,H 
CO ta 


HO MeO HO OMe 
(I.) (II.) (III.) 


EXPERIMENTAL. 


3-Methoxy-5-methylphthalide.—Instead of using the ester (Meldrum, Joc. cit.), we mixed 
5-methoxy-m-toluic acid (10 g.) with chloral hydrate (10 g.) and conc. H,SO, (50 c.c.); after 
24 hr. at room temp. the product was isolated and recrystallised from MeOH (yield, 15 g. of 
m. p. 117°). 

This material (20 g.), which is a mixture, was added to boiling EtOH (30 c.c.), and the hot 
paste mixed with NaOH (20 g.) in H,O (100 c.c.); the temp. was kept at 50—60° and the mass 
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shaken frequently. When the solid had passed into solution the mixture was kept at room 
temp. for 4 hr. The clear liquid was rendered faintly alkaline, the EtOH evaporated, and the 
gummy solid pptd. by HCl dissolved in hot ACOH. On cooling, 3-methoxy-5-methylphthalide- 
2-carboxylic acid separated in small colourless prisms; it was recrystallised from AcOH (yield, 
6 g., m. p. 190°). The mother-liquors slowly deposited 4 g. of cryst. material; recryst. from 
AcOH, this furnished 5-methoxy-3-methylphthalide-2-carboxylic acid, m. p. 169—170°. 

3-Methoxy-5-methylphthalide-2-carboxylic acid (4 g.) and copper chromite (0-4 g.) were 
heated with quinoline (12 c.c.) (paraffin bath at 150—160°). Rapid evolution of CO, occurred 
and decarboxylation was complete in about 10 min. The mixture was cooled and poured into 
dil. HCl. The ppt., recryst. from EtOH, formed small, faintly yellow, oblique plates (1-7 g.), 
m. p. 134—135°. 

3-Methoxy-5-methylphthalide (2-4 g.), oxidised by the method of Meldrum (loc. cit.), gave 
3-methoxy-5-methylphthalic acid (2-2 g.), m. p. ca. 200° (efferv.). The anhydride was pre- 
pared by carefully heating the acid; recryst. from CgHg, it had m. p. 166—167°. 

Hydroxymethoxybenzoylmethoxytoluic Acid (probably III).—Powdered AICI, (2 g.) was added 
in 3 portions to a mixture of 3-methoxy-5-methylphthalic anhydride (1 g.) and quirol dimethy] 
ether (2 g.) in CS, (25 c.c.). The slow reaction was completed by heating under reflux on a 
steam-bath for 24 hr., the CS, then decanted, and the brownish semi-solid mass decomposed 
with dil. HCl and distilled in steam. A cream-coloured solid (1-1 g.) remained and after re- 
crystn. from AcOH was obtained as small, colourless, rod-shaped crystals, m. p. 222—225° 
(Found: C, 64-0; H, 5-2; MeO, 19-6. C,,H,,0, requires, C, 64-5; H, 5-0; 2MeO, 19-6%). 
The EtOH solution becomes only faintly greenish-yellow on the addition of FeCl, and therefore 
we assume that no hydroxyl group is in the o-position to carbonyl or carboxyl; hence the 
suggested constitution (III). 

4:5: 8-Trihydroxy-2-methylanthraquinone (Helminthosporin) (1).—The crude benzoyltoluic 
acid (0-65 g.) obtained as above was heated at 150° during 30 min. with conc. H,SO, (3 c.c.), 
the magenta-coloured solution poured into H,O, and the reddish-brown ppt. collected. Recryst. 
from pyridine, 4 : 5: 8-tvihydrexy-2-methylanthraquinone was obtained as flat maroon-coloured 
needles with a bronze lustre, m. p. 226—227°. Mixed m. p. with helminthosporin (m. p. 225— 
226°) 226° (Found: C, 66-7; H, 3-8. C,;H,,O, requires C, 66-7; H, 3-7%). 

The substance had all the properties of helminthosporin—the colour and fluorescence of the 
solutions in conc. H,SO, and org. solvents being identical; the alkali-colour reactions were also 
found to exhibit no divergences. On acetylation the synthetic product gave an acetate, m. p. 
225°, whose appearance was identical with that of triacetylhelminthosporin (m. p. 223—224°) ; 
the m.p. of a mixture with the latter substance was 224—225°. 


The authors are grateful to the Royal Commissioners of the Exhibition of 1851 for a Senior 
Studentship awarded to one of them. 


THE Dyson PERRINS LABORATORY, LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
OXFORD UNIVERSITY. UNIVERSITY OF LONDON. 
[Received, March 31st, 1933.] 





122. Experiments on the Synthesis of Rotenone and its Derivatives. 
Part III. The Dehydrorotenone Nucleus. 


By ALEXANDER ROBERTSON. 


THE formule proposed for dehydrorotenone by La Forge (J. Amer. Chem. Soc., 1932, 54, 
810) and for dehydrodeguelin by the present author (Part II, J., 1932, 1380; cf. Clark, 
J. Amer. Chem. Soc., 1932, 54, 3000, and Butenandt and Hilgetag, Annalen, 1932, 495, 172) 
embrace a chromenochromone nucleus of the type (VII), and the formation of the phenolic 
acids, derrisic and deguelic (type V), from these compounds by means of alkalis is con- 
sidered to be due to the opening of this ring system, probably by way of the stage (VI). 
The analogous 7so- and tetrahydro-compounds which contain a modified tubanol residue 
behave in a similar manner. Conversely, on dehydration with acetic anhydride and 
sodium acetate these phenolic acids have been shown to re-form the chromenochromone 
nucleus (compare La Forge, Joc. cit.). 
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Chromones of the type (VII) have not been prepared previously and the experiments 
described in the present memoir represent the successful outcome of an extensive investiga- 
tion which was undertaken in order to explore a route suitable for the synthesis of such 
substances, and to compare their properties with those of the natural dehydrorotenone 
series, the structures of which depend entirely on analytical evidence. In the first instance, 
on account of the labour involved in preparing quantities of 2-hydroxy-4 : 5-dimethoxy- 
benzaldehyde the more accessible 4-O-methylresorcylaldehyde was used as the initial 
material. 

The condensation of the aldehydophenoxy-ester (I, R = OMe) with hippuric acid in the 
usual manner yielded the azlactone (II, R = OMe) and on hydrolysis this substance gave 
rise to the pyruvic acid (III, R = OMe), the oxime of which was converted into the nitrile 
(IV, R=OMe; R,=H) by means of acetic anhydride. Condensation of the ester 
(IV, R = OMe; R, = Me) with resorcinol according to the well-known method of Hoesch 
afforded an oily ketimine double compound which on hydrolysis furnished a mixture of 
the keto-acid (V, R= OMe; R, = H).and its methyl ester (V, R= OMe; R, = Me) 
(prolonged hydrolysis decreases the amount of ester). The fact that the ester group 
survives the Hoesch reaction affords ample evidence that the final product has the structure 
(V) and not the alternative (VIII, R = OMe); a compound having the latter formula 
might conceivably have been formed under the conditions employed. 


O-CH,*CO,Et O-CH,*CO,Et -CH,*CO,H O-CH,*CO,R 
OR ; > eee —_ Diecciat _— ‘est _ 
N=CPh 


(L) (I1,) 
R/ \O-CH,CO,R, HO’ \OH 
ati Cane - 0) 


(V.) 


R/ \-0-CH,—CO 
VIII. 
stint H,-CO,H SC ox 


Under conditions strictly comparable with those required for the conversion of derrisic 
acid into dehydrorotenone, viz., treatment with boiling acetic anhydride and sodium 
acetate, the ketonic acid (V, R = OMe; R, = H) gave rise to the acetate of the chromone 
(VII, R= OMe; R, = Ac), which on deacetylation with warm alcoholic hydrochloric 
acid yielded the chromone (VII, R = OMe; R, = H). Although it has not been possible 
to isolate an intermediate product in the cyclisation reaction, it seems reasonable to suppose 
that the formation of the diketone (VI) is an intermediate step in this process. On hydrolysis 
with alkali the chromone (VII, R = OMe; R, = H) and its acetate re-formed the ketonic 
acid (V, R = OMe; R, = H), and by analogy with the scission of the simpler chromones 
this reaction in all probability proceeds by way of the stage (VI). This reaction is identical 
with the formation of derrisic acid and deguelic acid from dehydrorotenone and de- 
hydrodeguelin respectively. 

In a similar manner the synthesis of 7-acetoxychromeno-(3' : 4’ : 2: 3)-chromone was 
effected by way of the acid (V, R= H; R, = H). 

An alternative route which appeared to be suitable for the preparation of nitriles of the 
type (IV) is the etherification of o-hydroxyphenylacetonitriles with ethyl bromoacetate. 
This was tested with o-hydroxyphenylacetonitrile, but owing to the small yields obtained 
in the preparation of this nitrile the procedure appears to be inferior to the one already 
described. 


(III) (IV.) 
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EXPERIMENTAL. 


Ethyl 2-Aldehydo-5-methoxyphenoxyacetate (I, R=OMe).—A mixture of 4-O-methyl- 
resorcylaldehyde (11 g.), ethyl bromoacetate (15 c.c.), well-ground K,CO, (15 g.), and acetone 
(70 c.c.) was refluxed until a sample of the product did not give a reaction with alc. FeCl, 
(1-5—2 hr.). The filtered solution was evaporated, and the aldehydo-ester separated from un- 
changed ethyl bromoacetate by distillation in a vac., b. p. 220—230°/15 mm., and crystallised 
from light petroleum (b. p. 40—60°), forming clusters of prismatic needles (12 g.), m. p. 64° 
(Found: C, 60-3; H, 5-9. C,,H,,0, requires C, 60-5; H, 5-9%). It is readily sol. in EtOH, 
C,H, or acetone, and does not give a FeCl, reaction. The semicarbazone separated from warm 
EtOH-AcOH in clusters of tiny rectangular plates, m. p. 222° (Found: C, 52-9; H, 6-1. 
C,3;H,,0,;N; requires C, 52-7; H, 5-7%). 

Azlactone of Ethyl 2-Aldehydo-5-methoxyphenoxyacetate (II, R = OMe).—The condensation 
of the ester (2-4 g.) and hippuric acid (3 g.) was effected with Ac,O (10 c.c.) and AcONa (3 g.) 
on the steam-bath during 1 hr. EtOH (25 c.c.) and then H,O (30 c.c.) were added gradually 
to the warm reaction mixture, and next day the azlactone was collected and recrystallised from 
EtOH, forming bright yellow, slender needles (2-4 g.), m. p. 128—129° (Found: C, 65-8; H, 5-1. 
C,,H,,0,N requires C, 66-1; H, 5-0%). 

5-Methoxyphenoxyacetic-2-pyruvic Acid (III, R = OMe).—A mixture of the foregoing 
azlactone (21 g.) and 10% aq. NaOH (20 c.c.) was refluxed for 6 hr., diluted with H,O (50 c.c.), 
and saturated with SO,. Next day the benzoic acid thus pptd. was filtered off (wash with 
50 c.c. of H,O), and the liquor heated on the water-bath with an excess of HCl aq. for 3 hr. 
The pyruvic acid gradually separated as a microcryst. powder (12 g.) and, on recrystn. from a 
large vol. of AcOH, was obtained in almost colourless, diamond-shaped plates, m. p. 250—251° 
(decomp.) (Found in material dried in a high vac. at 120°: C, 53-3; H, 4-5. C,.H,,O, requires 
C, 53-7; H, 4.5%). This compound is sparingly sol. in the usual org. solvents. 

5-Methoxyphenoxyacetic Acid-2-acetonitrile (IV, R= OMe; R,=H).—A solution of 
hydroxylamine hydrochloride (8 g.) and 5-methoxyphenoxyacetic-2-pyruvic acid (10 g.) in 
10% aq. NaOH (120 c.c.) was warmed at 50—55° for 5 min. and 24 hr. later addition of conc. 
HCl (Congo-red) pptd. the oxime (11 g.), which was collected, washed, and air-dried. Recryst. 
from warm H,0O, it separated as an anhydro-form in colourless slender needles, which on being 
heated melted at 128—130°, became cryst. at 140—145° (elongated prisms), and finally melted 
at 152—153° (Found in material dried over P,O,; in a vac. desiccator: C, 53-5; H, 4-6. 
C,.H,,0,N requires C, 54:0; H, 4-2%. C,.H,,;0,N requires C, 50-9; H, 46%). The anhydro- 
form is much less sol. in H,O than the crude air-dried material. 

The crude air-dried oxime (7 g.) was warmed with Ac,O (20 c.c.) on the water-bath and, when 
the vigorous reaction had abated, H,O (200 c.c.) was added. 12 Hr. later the brown cryst. 
nitrile was collected, well washed with H,O, and recrystallised from dil. EtOH (charcoal), 
forming colourless needles (4 g.), m. p. 156°, readily sol. in aq. NaHCO, (Found: C, 59-8; H, 
5:2. C,,H,,0,N requires C, 59-7; H, 5-0%). Addition of an excess of ethereal diazomethane 
to a solution of the nitrile in acetone gave rise to the methyl ester, which separated from 60% 
aq. MeOH in elongated prisms, or from C,H,-ligroin in glistening plates, m. p. 88° (Found : 
C, 61-2; H, 5-5. C,,H,,0,N requires C, 61:3; H, 5-5%). This compound is readily sol. in 
EtOH or C,H, and sparingly sol. in Et,O. 

5-Methoxyphenoxyacetic Acid-2-resacetophenone (_V, R= OMe; R, = H).—A mixture of 
methyl 5-methoxyphenoxyacetate-2-acetonitrile (3 g.), resorcinol (8 g.), ZnCl, (3 g.), and dry 
Et,O (150 c.c.) was saturated with a slow stream of HCl. The mixture was occasionally shaken 
and in the course of 2 hr. the sparingly sol. nitrile and ZnCl, were gradually replaced by a viscous 
reddish-brown oil. 4 Days later the ethereal layer was decanted, and the oily residue washed 
with Et,O (3 x 50 c.c.) and heated on the steam-bath with H,O (80 c.c.) for } hr. On cooling, 
the semi-solid product was collected, washed with H,O, and extracted with aq. NaHCO,, leaving 
an insol. residue. Acidification of the filtered extract threw down 5-methoxyphenoxyacetic acid- 
2-vesacetophenone as an oil which gradually solidified. This compound separated from 20% aq. 
EtOH as a hydrate in almost colourless needles (2 g.), m. p. 193° (Found in specimen dried over 
H,SO, in a desiccator: C, 58-4; H, 5:2. C,,H,,0,,H,O requires C, 58:3; H, 5-1%. Found in 
material dried at 110° in a high vac.: C, 61-4; H, 4:8. C,,H,,O0, requires C, 61-8; H, 4:8%). 
It is readily sol. in MeOH, EtOH, or AcOH, and with alc. FeCl, gives a brownish-red coloration. 

The material insol. in aq. NaHCO, consisted of the methyl ester of the keto-acid, which 
separated from C,H, in clusters of short prisms, m. p. 89—90° (Found: C, 62:3; H, 5-3. 
C,,H,,0, requires C, 62-4; H, 5-2%). Withalc. FeCl, this substance gives a wine-red coloration 
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which becomes red-brown on dilution with H,O. On hydrolysis with hot 10% HCl at 100° for 
2 hr. (agitate) it gave rise to the acid, m. p. and mixed m. p. 193°, after crystn. from dil. EtOH 
(Found in dried specimen : C, 61-6; H, 49%). 

7-Hydroxy-T'-methoxychromeno-(3’ : 4’: 2: 3)-chromone (VII, R= OMe; R, = H).—The 
foregoing keto-acid (0-5 g.) was refluxed with Ac,O (7 c.c.) and AcONa (0-3 g.) for 10 min., 
and on the addition of EtOH (7 c.c.) and then H,O (12 c.c.) to the cooled mixture the acetate 
of 7-hydroxy-7’-methoxychromeno-(3’ : 4’ : 2: 3)-chromone separated as a brownish cryst. 
solid in the course of several hr. Recryst. from EtOH (charcoal), it formed almost colourless 
needles, m. p. 195° (Found in material dried in a high vac. : C, 67-2; H, 4-2. Cy, gH,,0, requires 
C, 67-5; H, 4:1%). This compound is insol. in aq. NaOH, and does not give a FeCl, reaction. 
Mixed with the original ketone, it melted at 170—175°. 

A mixture of EtOH (20 c.c.) and conc. HCl (5 c.c.) containing a suspension of the acetate 
(0-7 g.) was refluxed for 10 min., and the cooled solution diluted with H,O (100 c.c.). 12 Hr. 
later the chromone was collected, washed, and crystallised from 80% aq. EtOH, forming clusters 
of almost colourless microscopic prisms, m. p. 258—260° (decomp.) (Found in material dried at 
110° in a high vac. : C, 68-8; H, 4-2. C,,H,,O, requires C, 68-8; H, 4-1%). This compound is 
more sol. in MeOH, EtOH, and AcOH than the acetyl derivative. It dissolves readily in dil. aq. 
NaOH, but does not give a FeCl, reaction. 

A solution of the hydroxychromone (0-2 g.) in 10% aq. NaOH (10 c.c.) was refluxed for 1 hr. 
and the light brown ppt. obtained on acidification with dil. HCl was collected, washed, and 
dissolved in aq. NaHCO,. After filtration from a trace of insol. material, the addition of dil. 
HCl repptd. almost pure 5-methoxyphenoxyacetic acid-2-resacetophenone, which separated 
from aq. EtOH in colourless needles, m. p. and mixed m. p. 193°, identical in every way with an 
authentic specimen. Treatment of the acetate of the chromone with aq.-alc. NaOH in a 
similar manner gave the same compound. 

Ethyl 2-Aldehydophenoxyacetate (I, R = H).—A mixture of salicylaldehyde (25 c.c.), ethyl 
bromoacetate (35 c.c.), K,CO, (20 g.), and acetone (100 c.c.) was refluxed for 2 hr.; after } hr.a 
further quantity of K,CO, (10 g.) was added. The solution was separated from the potassium 
salts by filtration (wash with acetone) and the solvent and the excess of ethyl bromoacetate 
were removed by evaporation on the steam-bath under diminished press. Distillation of the 
oily residue gave the eséer as a colourless solid, b. p. 195—197°/23 mm., m. p. 34—35° (Found : 
C, 63-4; H, 5-9. C,,H,.O, requires C, 63-2; H, 5-7%). The compound, which was readily 
sol. in EtOH or C,H, and sparingly sol. in ligroin, did not give a FeCl, reaction. The semi- 
carbazone separated from EtOH in needles, m. p. 178° (Found: C, 54:2; H, 5-7. C,,H,,0,N; 
requires C, 54-3; H, 5-7%). 

The condensation of this aldehyde (22 g.) and hippuric acid (40 g.) was effected with Ac,O 
(100 c.c.) and AcONa (20 g.) on the steam-bath during 1-5 hr. Excess H,O pptd. the azlactone, 
which was collected 2 days later and recrystallised from EtOH, forming slender, canary-yellow 
needles (20 g.), m. p. 131° (Found: C, 68-4; H, 4-8. C,9H,,O,;N requires C, 68-4; H, 48%). 

Phenoxyacetic acid-2-acetonitrile (IV, R =H; R, = H).—The aforementioned azlactone 
(20 g.) was hydrolysed with boiling 10% aq. NaOH for 5hr., and the pyruvic acid (10 g.) separated 
from the benzoic acid and isolated by the method employed in the case of 5-methoxyphenoxy- 
acetic acid-2-pyruvic acid. On treatment with hydroxylamine hydrochloride (6 g.) and 10% 
aq. NaOH (50 c.c.) the crude compound (5 g.) was converted into the oxime, which separated 
from warm H,O in clusters of colourless needles. 

On being warmed on the steam-bath a mixture of the dry oxime (3-6 g.) and Ac,O (10 c.c.) 
reacted vigorously and after 10 min. the excess of Ac,O was decomposed with H,O. Next day 
phenoxyacetic acid-2-acetonitrile was pptd. by means of (NH,),SO,, collected, washed, dried, and 
crystallised from C,H,, forming thick prisms (2-2 g.), m. p. 136° after sintering at 130° (Found : 
C, 62-9; H, 48. C,,H,O,N requires C, 62-8; H, 4:7%). The compound is readily sol. in 
EtOH, AcOH, or Et,O and sparingly sol. in ligroin. On treatment with ethereal diazomethane 
it formed the methyl ester, which separated from C,H,—light petroleum (b. p. 50—60°) and then 
from dil. MeOH in elongated glistening plates, m. p. 68° (Found: N, 7-1. C,,H,,0,N requires 
N, 68%). 

Phenoxyacetic acid-2-resacetophenone (V, R = H; R, = H).—A solution of methyl phenoxy- 
acetate-2-acetonitrile (3 g.) and resorcinol (4. g.) in Et,O (50 c.c.) was saturated with dry HCl in 
the presence of ZnCl, (3 g.), and a thick brown oil gradually separated. 3 Days later the re- 
mainder of the product was pptd. with Et,O (100 c.c.), the ethereal layer decanted, and the 
viscous syrup washed with Et,O (4 x 25 c.c.). A solution of the product in H,O (100 c.c.) 
was heated on the steam-bath for 2 hr. and next day the solid was collected, washed, and dis- 
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solved in aq. NaHCO,. The solution was filtered to remove insol. material (0-5 g.), and, on 
being repptd. with dil. aq. HCl, the ketone was obtained as an oil which soon solidified. Recryst. 
from dil. MeOH, it formed slender needles (1-9 g.), m. p. 206° (Found in material dried at 110° : 
C, 63-7; H, 5-0. CygH 40, requires C, 63-6; H, 46%). This compound is readily sol. in EtOH 
and AcOH and gives with alc. FeCl, a dark red coloration. The material insol. in aq. NaHCO, 
gave a wine-red FeCl, reaction and appeared to be the ester of the keto-acid. On hydrolysis 
with dil. HCl on the steam-bath it formed the acid. 

7-A cetoxychromeno-(3’ : 4’ : 2: 3)-chromone (VII, R = H; R, = Ac).—A mixture of the fore- 
going keto-acid (0-9 g.), Ac,O (15 c.c.), ACOH (1 c.c.), and AcONa (0-3 g.) was refluxed for 30 
min., cooled, and diluted with EtOH (10 c.c.) and then with H,O (20 c.c.). The chromone 
gradually separated in clusters of light brown rods, and on recrystn. from EtOH (charcoal) 
and then from AcOH-—EtOH formed colourless needles, m. p. 178° (Found: C, 69-9; H, 4-0. 
C,,H,,0; requires C, 70-1; H, 3-9%). It is sparingly sol. in MeOH, EtOH, or C,Hg, and does 
not give a FeCl, reaction. 

Treatment of this compound with boiling aq.-alc. NaOH in the manner described in the case 
of 7-acetoxy-7’-methoxychromeno-(3’ : 4’ : 2 : 3)-chromone re-formed the keto-acid (V, R = H; 
R, = H), m. p. and mixed m. p. 206° after crystn. from dil. MeOH. 

2-Hydroxyphenylacetonitrile.—A solution of 3- -hydroxycoumarin (Erlenmeyer, Annalen, 1905, 
337, 289) (10 g.) in 10% aq. NaOH was boiled for 5 min., cooled to 50°, and treated with hydroxyl- 
amine hydrochloride (9 g.). Next day the oxime (10 g.) of 2-hydroxyphenylpyruvic acid was 
pptd. with conc. HCl, and on crystn. from H,O and then from C,H, formed colourless needles, 
m. p. 126° (decomp.) after sintering at 120° (Found: C, 55-7; H, 5-0. C,H,O,N requires C, 
55-4; H, 46%). This compound is sol. in aq. NaHCQ3. 

After the vigorous reaction between the oxime (11 g.) and warm Ac,O (20 c.c.) had subsided, 
the mixture was heated on the steam-bath for 10 min. and poured into H,O (150c.c.). 24 Hr. 
later 2-hydroxyphenylacetonitrile mixed with oily impurities was collected, washed, and dissolved 
in 3% aq. NaOH. After the addition of charcoal the solution was filtered, and on acidification 
with AcOH gave the nitrile as a colourless solid, which separated from C,H, in short rhombic 
prisms, m. p. 122° (Found: N, 10-7. Calc. for C,H,ON: N, 10-5%) (Auwers, Ber., 1907, 40, 
3513, gives m. p. 117—119°). Addition of FeCl, to an aq. solution of the compound gives a pale 
violet coloration; an alc. solution does not give a coloration. 

Azlactones of Diacetylresorcylaldehyde and of 2-Acetyl-4-O-methylresorcylaldehyde.— 
Simultaneous acetylation and condensation of resorcylaldehyde with hippuric acid by means 
of Ac,O and AcONa gave rise to the azlactone of the aldehyde diacetate, which crystallised from 
EtOH in buff-coloured needles, m. p. 130° (Found: C, 65:5; H, 4:3. C,9H,;O,N requires C, 
65-8; H, 41%). 

Similarly 4-O-methylresorcylaldehyde formed the azlactone of the acetate, which separated 
from EtOH in straw-coloured, elongated, hexagonal prisms, m. p. 150° (Found: C, 67-4; 
H,¥4-8. Cy, 9H,,0;N requires C, 67-7; H, 4:5%). 





Canter, Robertson, and Waters : 





The author is indebted to the Chemical Society for research grants. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. ~ [Received, March 16th, 1933.] 





123. Lichen Acids. Part V. A Synthesis of Methyl O-Tetramethyl- 
gyrophorate. 


By FREDERICK W. CANTER, ALEXANDER ROBERTSON, and Roy B. WATERS. 


THE synthesis of o-diorsellinic acid by Fischer and Fischer (Ber., 1913, 46, 1138; 1914, 
47, 505) disproved the suggestion of Hesse (J. pr. Chem., 1900, 62, 463) that the lichen 
product gyrophoric acid, which occurs in the majority of species of Gyrophora, was a 
didepside isomeric with lecanoric acid. More recently, Asahina and his co-workers (J. 
Pharm. Soc. Japan, 1925, No. 519, 1; Ber., 1930, 63, 3044; 1932, 65, 983) have shown 
that the compound is a tridepside composed of three units of orsellinic acid, and, starting 
from lecanoric acid, have effected a synthesis of methyl tetramethylgyrophorate. In a 
similar manner, using the requisite diacetate of lecanoric acid, Koller (Monatsh., 1932, 61, 
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147) synthesised methyl tetra-acetylgyrophorate. The structure assigned to gyrophoric 
acid (V, R = H) by these authors has now been confirmed by the following synthesis 


of methyl O-tetramethylgyrophorate. 
Me Me Me Me 


Coc! CO,Me HO 00K CO,Me 
Me0,C-O. OMe HO. JoMe a hn 


(I.) (II.) (IIT.) 
Me 


Me Me Me 
cocl ga ies a Dn Me 
(IV.) 2Me iv.) 
wool 9 R OR OR 
The interaction of the acid chloride (I) and the ester (II) gave, on subsequent removal 
of the carbomethoxy-group, methyl O-dimethyllecanorate (III), and this compound on 


condensation with O-dimethylorsellinoyl chloride (IV) in the same manner yielded methyl 
O-tetramethylgyrophorate (V, R = Me), identical with the natural compound. 


EXPERIMENTAL. 


Methyl isoEverninate (I1).—Methylation of ~-monocarbomethoxyorsellinic acid (3 g.) with 
Mel (10 c.c.) and Ag,O (6 g.) in boiling acetone for 12 hr. gave methyl carbomethoxyiso- 
everninate (2 g.), m. p. 87° after crystn. from light petroleum (compare Fischer and Hoesch, 
Annalen, 1912, 391, 371). If the Ag,O is replaced by K,CO,, the carbomethoxy-group is 
removed in the reaction. 

A solution of the carbomethoxy-derivative (8 g.) in EtOH (75 c.c.) was carefully treated 
with 20% alc. KOH (25 c.c.), kept for 1 hr., diluted with excess H,O, acidified with dil. aq. 
HCl, and extracted with Et,0. Evaporation of the dried extract left methyl isoeverninate, 
which separated from C,H, in needles (5 g.), m. p. 112°, and appeared to be identical with 
material obtained from methyl O-dimethylobtusate or methyl O-trimethyllecanorate by Asahina 
and Fuzikawa (Ber., 1932, 65, 580) (Found: C, 61-1; H, 6-1. Calc. for C,gH,,0O,: C, 61-2; 
H, 61%). It is readily sol. in H,O, EtOH, CHCl, or acetone and does not give a FeCl, 
reaction. 

Carbomethoxyisoeverninoyl Chloride (1).—In the course of attempts to prepare O-acetyliso- 
everninic acid to be used in place of the carbomethoxy-derivative it was found that this 
compound could not be obtained either by the oxidation of O-acetylisoeverninaldehyde or by 
the acetylation of isoeverninic acid. 

Carbomethoxyisoeverninic acid (3 g.) was treated in dry warm CHC], (50 c.c. at 35—40°) 
with PCI, (3-1 g., added in portions), and the mixture kept at room temp. for } hr. and then 
at 50° for 10 min. to complete the reaction. The CHCl, and POCI, were removed in a vac. at 
45°, the residue dissolved in a further quantity of CHCl,, and the solution again evaporated. 
Repetition of this procedure finally removed the remaining traces of phosphorus compounds 
and left the chloride as a pale straw-coloured syrup which gradually crystallised in long 
needles, m. p. 45—48°. This compound, which was not further purified, rapidly decomposed 
in moist air. The anilide crystallised from 50% MeOH in regular laminated prisms which on 
drying appeared to lose solvent of crystn.; m. p. 149—150° (Found in material dried at 110°: 
C, 64-6; H, 5-4. C,,H,,0,;N requires C, 64-8; H, 5-4%). 

Methyl O-Dimethyllecanorate (II1).—The afore-mentioned acid chloride (from 3 g. of acid) 
was added to a solution of methyl isoeverninate (0-9 g.) in dry pyridine (10 c.c.), and the 
mixture agitated for several hr., kept at room temp. for 4 days and then at 40° for $ hr., and 
poured into 3% aq. AcOH (200 c.c.). An ethereal solution of the semi-solid ppt. was washed 
with H,O and then with aq. NaHCO,, dried and evaporated. A solution of the residual gum 
in acetone (10c.c.) was treated with 4% aq. NaOH (25 c.c.) and after } hr. the ester was carefully 
pptd. with dil. aq. HCl, washed with H,O, and crystallised from MeOH, forming thick colourless 
needles (1-6 g.), m. p. 142° (Found: C, 63-2; H, 5-7. CygH. 0, requires C, 63-3; H, 5-6%). 
This compound is sol. in aq. NaOH and insol. in aq. NaHCO,, and does not give a FeCl, 
reaction, 

2 : 4-Dimethoxy-6-methylbenzanilide—The prepn. of O-dimethylorsellinic acid by the oxid- 
ation of O-dimethylorcylaldehyde, m. p. 67°, has been more fully investigated (cf. Robertson 
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and Robinson, J., 1927, 2200, who record m. p. of this aldehyde 64—65°) and it has been 
found that oxidation of the aldehyde (10 g.) in acetone (100 c.c.) with KMnO, (12 g. in 200 c.c. 
of H,O) at 40—45° gave the acid (6-8 g., plates from C,H,, m. p. with decomp. 145—146°) 
and unchanged aldehyde (1-5 g.). 

The acid (1 g.) was converted into the chloride (IV) with PCI, (1-1 g.) in dry CHC], (15 c.c.) 
by the procedure used in the case of carbomethoxyisoeverninoyl chloride (cf. Asahina and 
Fuzikawa, Ber., 1932, 65, 983). This compound was finally obtained as a straw-coloured 
gum, and on treatment with PhNH, (4 c.c.) gave rise to the anilide, which separated from 
50% MeOH in needles (1-2 g.), m. p. 131° (Found: C, 70-8; H, 6-1. Cj gH,,03N requires C, 
70-9; H, 6-3%). 

Methyl O-Tetramethylgyrophorate (V, R = Me).—A mixture of O-dimethylorsellinoyl chloride 
(from 4 g. of acid), methyl O-dimethyllecanorate (3-8 g.), and dry pyridine (40 c.c.) was kept 
for 3 days at room temp., heated at 50° for 1 hr., and poured into 6% aq. AcOH (300 c.c.). 
The ppt. was washed with aq. NaHCO, and H,O and on crystn. from acetone formed micro- 
scopic prisms (5 g.), m. p. 194°. Recryst. from xylene and then from acetone, it had m. p. 
195° (Found : C, 64-6; H, 5-6. Calc. for CygH 904) : C, 64:7; H, 5-6%). 

O-A cetylisoeverninaldehyde.—On methylation with Mel (6 c.c.) and Ag,O (4 g.) in boiling 
acetone (50 c.c.) during 4 hr., ~-monocarbomethoxyorcylaldehyde (Hoesch, Ber., 1913, 46, 
886) (3 g.) gave rise to carbomethoxyisoeverninaldehyde (2-5 g.), m. p. 81° after crystn. from 
light petroleum (cf. Hirst, J., 1927, 2490). 20% Alc. KOH (25 c.c.) was added to a solution 
of this compound (9-5 g.) in EtOH (75 c.c.) and after 1 hr. the mixture was diluted with H,O 
(500 c.c.) and acidified with HCl aq., yielding isoeverninaldehyde (5-7 g.), m. p. 196° after 
crystn. from 50% MeOH (cf. Gattermann, Annalen, 1907, 357, 346; St. Pfau, Helv. Chim. 
Acta, 1928, 11, 864). Acetylation of isoeverninaldehyde (4 g.) with Ac,O (20 c.c.) and AcONa 
(6 g.) on the steam-bath for 2 hr. gave the acetate, which separated from light petroleum in 
colourless prisms (4-4 g.), m. p. 85° (Found: C, 63-6; H, 5:7. C,,H,,O, requires C, 63-5; 
H, 5:8%). This compound is readily sol. in EtOH or AcOEt and is phototropic, becoming 
deep yellow on exposure to light and colourless again in the dark. 

2 : 4-Diacetoxy-6-methylbenzylidene Diacetate——In the course of attempts to obtain orcyl- 
aldehyde diacetate it was found that acetylation of the aldehyde (5 g.) with Ac,O (25 c.c.) and 
AcONa (10 g.) on the steam-bath for 3 hr. gave rise to the benzylidene diacetate (9 g.), which 
separated from light petroleum (b. p. 60—80°) in tiny colourless prisms, m. p. 95—96° (Found : 
C, 57-0; H, 5:3. C,,H,,O, requires C, 56-8; H, 5-3. Calc. for orcylaldehyde diacetate, 
C,.H,,0,: C, 61-0; H, 5-1%). This substance is readily sol. in Et,0, AcOEt, CgH,, or EtOH 
and does not give a FeCl, reaction. 

The use of pyridine in place of AcONa yielded the same compound. On oxidation with 
KXMnQ, this substance did not give O-diacetylorsellinic acid. 


One of us (F. W. C.) is indebted to the Dixon Fund of London University for a grant and 
to the Department of Scientific and Industrial Research for a maintenance grant. 


LoNDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, April 3rd, 1933.] 





124. The Action of Heat on B-Naphthylisopropylamine Hydrochloride. 
By Tom HEap. 


In an attempt to prepare 1-isopropyl-2-naphthylamine by the action of heat on 8-naphthyl- 
isopropylamine hydrochloride, the anticipated migration of the isopropyl group did not 
occur, propylene was evolved, and $-naphthylamine was obtained. At 300—320° complete 
decomposition occurred in 6 hours; but at 200—220° the percentage of the primary 
amine in the product increased during 9 hours and decreased on longer heating, di-f- 
naphthylamine being obtained in increasing amounts. Klopsch (Ber., 1885, 18, 1585) 
noticed the ease of formation of di-8-naphthylamine when hydrogen chloride was passed 
into molten $-naphthylamine at 170—190°, and the compound has now been obtained 
by heating @-naphthylamine hydrochloride in a sealed tube at 200—220° or higher 
temperatures. 
The study is being extended to other N-alkylnaphthylamines. 
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6-Naphthylisopropylamine.—f-Naphthylamine (20 g.), isopropyl bromide (14-5 c.c.; 1-1 
mols.), and isopropyl alcohol (20 c.c.) were heated in a sealed tube at 180° for 6 hr., the product 
decomposed with hot conc. NaOH aq., and the bases extracted with Et,O, dried (K,CO;), and 
distilled. The fraction (22 g.), b. p. 160—165°/10 mm., was almost pure $-naphthylisopropyl- 
amine, a colourless liquid, b. p. 307—310°/760 mm., which rapidly darkened in the air. The 
benzoyl derivative formed short colourless prisms (from EtOH), m. p. 96—98° (Found: C, 
83-1; H, 6-7. C, 9H,,ON requires C, 83-0; H, 6-6%), and the p-toluenesulphonamide colourless 
needles (from EtOH), m. p. 119—120° (Found: C, 70-8; H, 6-3. C, 9H,,O,NS requires C, 
70-8; H, 62%). The hydrochloride, obtained by cooling a solution of the base in boiling dil. 
HCl, formed pale pinkish needles, m. p. 209—210° (Found: C, 70-3; H, 7-0; Cl, 15-9. 
C,3H,,;N,HCl requires C, 70-4; H, 7:2; Cl, 16-0%); after two recrystns., it gave no reaction for 
primary amine and was used in the following expts. 

Action of Heat on 8-Naphthylisopropylamine Hydrochloride—In each expt. the hydro- 
chloride (5 g.) was heated in a sealed tube during 1-5 hr. to the required temp., which was 
maintained for a definite time. The press. developed was greater the higher the temp. and 
the longer the time of heating. The gas produced smelled of propylene and burned with a 
smoky flame. The contents of the tube were extracted with boiling dil. HCl, the solution 
filtered into a tared dish and evaporated, and the residue dried to const. wt. at 110°. The 
primary amine in the product was determined by diazotisation, coupling with an excess of 
N/20-R-salt, and titration of the excess with N/20-diazobenzene. The results obtained at 
200—220° were : 


Hrs. of heating j 9 13 16 24 37 
Yield (sol. in HCl aq.), g. 0 .-ee-seseeeeees 4°6 4°7 27 823 20 24 
% Primary amine in product (as 

C,9H,*"NH,,HCl) 200 343 31:2 29°4 109 = 8-0 

Erratic yields were often obtained, probably owing to the formation of tar, which rendered 
extraction difficult, but the results obtained for the percentage of primary amine in the 
product were reproducible. 

Identification of the Primary Amine in the Product.—The combined products from a number 
of expts. (10-3 g.; primary amine content, as C, ,H,-NH,,HCl, 15-9%) were treated 
with ~-toluenesulphonyl chloride (10 g.) and pyridine (10 c.c.). The product pptd. by H,O 
(15 g.) was boiled with dil. HCl to remove tertiary amine—only a trace of tarry matter was 
removed—and then with dil. NaOH aq. to dissolve the #-toluenesulphonyl derivatives of 
primary amines. On acidification the alkaline extract gave a pinkish solid (2-1 g.), m. p. 
130—131°, unchanged on admixture with p-toluenesulphon-8-naphthalide, m. p. 133°. Frac- 
tional crystn. did not separate any other product. The residue insol. in NaOH aq. was 
p-toluenesulphonisopropyl-$-naphthalide, m. p. 119—120°, unchanged on admixture with an 
authentic specimen. 

Di-B-naphthylamine.—The product insol. in dil. HCl, on recrystn. from C,Hg, gave leaflets, 
m. p. 167° (Ris, Ber., 1887, 20, 2618, gives m. p. 171° for di-8-naphthylamine). The picrate 
formed red-brown hair-like crystals (from C,H,), m. p. 165° (Benz, Ber., 1883, 16, 17, gives 
m. p. 164—165°). 

8-Naphthylamine hydrochloride, heated for 6 hr. in a sealed tube at 200—220° or higher 
temps., gave a product which crystallised from C,H, in leaflets, m. p. 167° (picrate, m. p. 165°). 
These two compounds were identical with those described above. 


The author thanks Dr. J. Kenyon for his interest in this work, and Imperial Chemical 
Industries Ltd. for a grant and gifts of materials. 
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125. The Reimer-Tiemann Reaction. 
By Dovuctas E. ARMSTRONG and DoNnaALp H. RICHARDSON. 


In an attempt to discover the mechanism of the Reimer—Tiemann reaction it seemed to 
us that the first step was to explain why such large amounts of unchanged phenol may 
be recovered in the isolation of the small yields of aldehyde afforded by this process, A 
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possible cause of this was the non-homogeneity of the reaction mixture, and experiments 
were first made in which trichloroacetic acid was substituted for chloroform. A solution 
of phenol and trichloroacetic acid in aqueous potassium hydroxide boiled violently when 
cautiously heated, and only a small amount of free chloroform could be detected. Alde- 
hydes were obtained from phenol, o-, m-, and -cresols, -chlorophenols, and -hydroxy- 
benzoic acids and m-nitrophenol, but the yields were no improvement on those afforded 
by the ordinary chloroform process, and large amounts of the phenols were recovered. 

Potassium oxalate and tri-f-chlorophenyl orthoformate were isolated as by-products 
in the experiments with #-chlorophenol, and traces of di(chlorosalicylaldehyde) were 
indicated. 

It then occurred to us that an intermediate such as hydroxybenzal chloride might lead 
to the formation of an acetal : 


HO-C,H,CHCI, + 2KOPh —> HO-C,H,-CH(OPh), + 2KClL. 


In this way two-thirds of the phenol would be recovered unchanged when the product 
was acidified and steam-distilled. 

Attempts to prepare o-hydroxybenzal chloride by the hydrolysis of its methyl ether 
and carbethoxy-derivative with hydrogen chloride resulted in resinification and decom- 
position at the high temperature required (230—240°). However, o-ethylcarbonatobenzal 
chloride was prepared from carbethoxysalicylaldehyde, and by condensation with sodium 
phenoxide gave carbethoxysalicylaldehyde diphenylacetal. Salicylaldehyde diphenyl- 
acetal was obtained from this, by alkaline hydrolysis, as a thick oil which resinified rapidly 
on vacuum distillation and was hydrolysed by acids and even by sodium bicarbonate. 

Evidence was obtained that such an acetal is formed in the Reimer—Tiemann reaction 
and in the trichloroacetic acid process. #-Chlorophenol was used to avoid complication 
due to the formation of isomeric aldehydes, and the product, after extraction of tri-p- 
chlorophenyl orthoformate and di(chlorosalicylaldehyde), was treated in three ways: 
All free chlorosalicylaldehyde was removed by (1) shaking with sodium phenylhydrazine- 
p-sulphonate solution or (2) addition of excess of methylmagnesium iodide, but more 
chlorosalicylaldehyde was isolated from both products after boiling with dilute acid. 
(3) Methylation with excess of methyl sulphate and extraction of the alkaline product 
with ether gave an oil which yielded f-chlorophenol on boiling with dilute acid. 

It is concluded that the Reimer—Tiemann reaction involves the stages : 


C,H,-OK + CHCl, + KOH —> KCl + KO-C,H,CHCl,+H,O. . (A) 
KO-C,H,CHCl, + 2KO-C,H, —> KO-C,H,CH(O-C,H;), + 2KCl. . (B) 
KO-C,H,CHCl,+2K0-C,H;+2KOH —> KO-C,H,-CH(C,H,yOK),+2KCI+2H,0 (C) 

3C,H,-OK + CHCl, —> CH(O-C,H;);+3KCl . . . . (D) 


The suggestion that the resinous by-product (stage C) is a triphenylmethane derivative 
is not new, but is supported by the determination of hydroxyl in the resins obtained from 
various phenols by the trichloroacetic acid process. The values obtained were in fair 
agreement with those calculated for the corresponding trihydroxytriphenylmethane 
derivatives, in view of the impossibility of purifying the resins. The formation of a 
benzal chloride derivative as intermediate is further supported by the fact that benzal 
chloride itself gave a large amount of a very similar resin when heated with phenol in 
potassium hydroxide solution, and the percentage of hydroxyl was found to be very near 
that required for dihydroxytriphenylmethane. o0-Ethylcarbonatobenzal chloride, similarly 
treated, also gave a resin, but none was obtained by boiling salicylaldehyde with phenol 
in potassium hydroxide solution. 

EXPERIMENTAL. 

The Reaction of Phenol with Trichloroacetic Acid in Potassium Hydroxide Solution.—Pre- 
liminary expts. showed that the max. yields of aldehyde could be obtained when phenols were 
heated with a solution of trichloroacetic acid in twice the theo. amount of 1ON-KOH or NaOH 
calc. from the equation C,H,-OH +CCl,-CO,H + 5KOH —> HO-C,H,-CHO+3KCI+ K,CO,+ 
3H,O. No advantage was found in using more than a slight excess of trichloroacetic acid. 
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To a solution of the phenol (0-1 mol.) in H,O (70 c.c.) containing KOH (1-0 mol.), trichloro- 
acetic acid (0-125 mol.) in H,O (20 c.c.) was added. The mixture was cautiously heated and, 
when the violent boiling ceased (few min.), refluxed for 1 hr. The temp. attained 112° and 
very little CHCl, was detected. The product was made just acid with dil. H,SO,, steam- 
distilled, and extracted with Et,O. Half the extract was dried and evaporated to give the 
yield of aldehyde + recovered phenol; the other half was evaporated and dissolved in 20% 
AcOH aq., and the aldehyde estimated by pptn. with excess of p-nitrophenylhydrazine in 20% 
AcOH aq. The accuracy of this method was tested on pure specimens of salicylaldehyde, 
5-chloro-2-hydroxy-, 3-chloro-2-hydroxy-, 2-chloro-4-hydroxy-, 2-hydroxy-5-methyl-, and 
4-hydroxy-2-methyl-benzaldehyde and gave results ranging from 94-9 to 103-2%. Non-volatile 
aldehydes were extracted from the residual liquid after it had been filtered from resinous 
products, which were also weighed after being dried in ethereal solution. No separation was 
effected of the isomeric aldehydes from o- and m-hydroxybenzoic acids and m-nitrophenol. 
o- and p-Nitrophenols yielded no aldehyde. 

The ketonic compounds described by Auwers and Keil (Ber., 1902, 35, 4207) were 
isolated in 1-4% yield by steam-distillation of the alkaline products from o- and #-cresols. 
The results are tabulated below. 

Recovered 
2-Aldehyde, %. 4-Aldehyde, %. phenol, %. Resin, %. 
Expt. 1. Expt.2. Expt.1. Expt.2. Expt.1. Expt.2. Expt.1. Expt. 2. 
10°2 7 8: 75:1 74°5 4: 
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Expts. with p-chlorophenol on a larger scale (1 mol.) yielded also potassium oxalate (2-35 g., 


filtered from the cooled reaction mixture) and tri-p-chlorophenyl orthoformate (12-3 g., 
extracted from the filtrate with CHCl,). The latter product, recryst. from EtOH, was hydro- 
lysed with dil. H,SO, and found to contain 2-8% of chlorosalicylaldehyde. This was no 
doubt formed by the hydrolysis of a small quantity of di(chlorosalicylaldehyde), since disalicyl- 
aldehyde (m. p. 128°) was obtained in small amount by the steam-distillation of the alkaline 
product of the reaction of phenol and trichloroacetic acid with KOH. The tri-p-chlorophenyl 
orthoformate was further purified by recrystn. three times from 70% AcOH aq.; it then 
melted at 104° and gave on hydrolysis formic acid (11-4%; theo., 11-6) and p-chlorophenol 
(96-2%; theo., 97-5), estimated as the dibromo-derivative, m. p. 90° (benzoyl derivative, 
m. p. 93°). 

Preparation and Hydrolysis of o-Methoxybenzal Chloride and o-Ethylcarbonatobenzal Chloride. 
—Salicylaldehyde methyl ether was added slowly with cooling to the theo. amount of PCl,, 
and the product rapidly distilled at 35 mm., o-methoxybenzal chloride being obtained (yield, 
84%), b. p. 136—142°/35 mm. When boiled with H,O for 10 min., 1-2905 g. gave 13-6 c.c. of 
N-acid (theo., 13-5), 36-5% of Cl (theo., 37-2), and 70-3% of salicylaldehyde methyl ether (as 
p-nitrophenylhydrazone) (theo., 71-2). 

Carbethoxysalicylaldehyde, obtained from 46 g. of ethyl chlorocarbonate and 50 g. of 
salicylaldehyde in 300 c.c. of isopropyl ether containing 84 g. of dry powdered K,CO, after 
24 hr. by distillation of the filtered liquid under reduced press., was a thick oil, b. p. 168—170°/ 
30 mm. (yield, 29—36% in four expts.). 1-45 G. gave 60-4% of salicylaldehyde estimated as 
p-nitrophenylhydrazone (theo., 62-9). The phenylhydrazone had m. p. 101°, as given by 
Cajar (Ber., 1898, 31, 2804). Treatment with the theo. amount of PCI, and distillation under 
reduced press. gave a 75—80% yield of a thick oil, b. p. 178—182°/55 mm., d 1-300, np 1-525. 
It was completely hydrolysed to salicylaldehyde by boiling with H,O for 1 hr. (1-163 g. gave 
18-7 c.c. of N/2-HCl. Theo. for EtO,C-O-C,H,-CHCI,, 18-7), and was slowly hydrolysed by 
cold KOH aq. 

Preparation of Carbethoxysalicylaldehyde Diphenylacetal and Salicylaldehyde Diphenylaceial.— 
o-Ethylcarbonatobenzal chloride (49-8 g.) was slowly added to PhOH (37-6 g.) in abs. EtOH 
(400 c.c.) containing Na (9-2 g.), the pptd. NaCl (93% of theo. amount) removed, most of the 
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EtOH evaporated under reduced press., and Et,O added to the remainder. Filtration and 
evaporation of the Et,O left 69-6 g. (96%) of a green oil which turned brown on keeping, but 
when the ethereal solution was twice shaken with NaOH and evaporated, a colourless oil free 
from aldehyde was obtained (0-955 g. gave, after acid hydrolysis, 35-2% of salicylaldehyde, 
estimated as p-nitrophenylhydrazone. Theo., 33-5). It could not be distilled on account of 
resinification. The crude carbethoxysalicylaldehyde diphenylacetal was refluxed for 20 min. 
with 3N-NaOH, and the filtered liquid treated with a slight excess of NaHCOs, salicylaldehyde 
diphenylacetal being liberated as a thick oil, which gave a ppt. with benzidine in EtOH only 
slowly after the addition of AcOH. 

Evidence of the Formation of an Acetal in the Reimer-Tiemann Reaction.—The following 
expts. were carried out on the alkaline solutions obtained by (a) dropping 19 c.c. of CHCl, 
slowly into 26 g. of p-chlorophenol dissolved in 60 c.c. of H,O containing 42 g. of KOH at 
50—60°, with frequent shaking, followed by heating on the water-bath for 1 hr. and distillation 
of the excess of CHCl,, (b) heating a solution of p-chlorophenol (26 g.) and trichloroacetic acid 
in KOH aq. as described on p. 498. Tri-p-chlorophenyl orthoformate and di(chlorosalicyl- 
aldehyde) were removed by ether extraction and the alkaline solution was investigated for an 
acetal as follows : 

(a) Removal of free aldehyde with phenylhydrazine-p-sulphonic acid. All phenolic products— 
chlorosalicylaldehyde, possible chlorosalicylaldehyde di-p-chlorophenylacetal, and unchanged 
chlorophenol—were liberated by the addition of a slight excess of NaHCO, and extracted 
with Et,0. The evaporated extract was shaken with a solution of phenylhydrazine-p-sulphonic 
acid in Na,CO, aq. to remove free chlorosalicylaldehyde, a preliminary test with 3 g. of 
chlorophenol mixed with 1 g. of chlorosalicylaldehyde having proved that this could be 
accomplished completely in less than 1 hr. The remaining aldehyde-free oil, isolated by ether 
extraction, was boiled for 20 min. with 3N-H,SO, and then tested with p-nitrophenylhydrazine 
in AcOH. It gave 0-641 g. of chlorosalicylaldehyde-p-nitrophenylhydrazone (equiv. to 0-87 g. 
of acetal). In a second expt. the NaHCO, treatment was carried out at 30—35°, and the . 
mixture kept for } hr. before ether extraction: the aldehyde-free oil then gave after hydro- 
lysis only 0-141 g. of chlorosalicylaldehyde-p-nitrophenylhydrazone (0-24 g. of acetal). It 
was concluded that a more considerable quantity of acetal was present in the reaction product, 
but that it was hydrolysed to a large extent by the NaHCO . 

The product of the trichloroacetic acid reaction gave similarly 0-435 g. of hydrazone (equiv 
to 0-59 g. of acetal). 

(b) Treatment with methylmagnesium iodide : 


MeMglI 
HO-C,H,Cl + HO-C,H,Cl-CHO + HO-C,H,CI-CH(O-C,H,Cl), ——> IMg-O-C,H,Cl + 


H,SO, 
HO-C,H,Cl-CH(OH)Me + HO-C,H,Cl-CHO + 2HO-C,H,Cl. 


A preliminary expt. showed that the product obtained by the action of excess of MeMgI 
on chlorosalicylaldehyde in ethereal solution gave no ppt. with p-nitrophenylhydrazine in 
AcOH, proving that the Grignard reagent could be used for the quantitative elimination of 
free aldehyde. The alkaline solution from the Reimer—Tiemann reaction was treated with a 
slight excess of NaHCO, and extracted with Et,O, the extract dried with Na,SO, and run into 
excess of MeMgl in Et,O, and the product isolated by addition of H,O, dil. HCl, and ether 
extraction. The resulting oil, containing no free aldehyde, was boiled for } hr. with 3N-H,SO, 
to hydrolyse acetal and then yielded 0-770 g. of chlorosalicylaldehyde-p-nitrophenylhydrazone 
(equiv. to 1-04 g. of acetal). The trichloroacetic acid process gave similarly 0-915 g. of 
hydrazone (1-24 g. of acetal). 

(c) Methylation with methyl sulphate : 

KO-C,H,Cl + KO-C,H;Cl-CHO + KO-C,H,Cl-CH(O-C,H,Cl), a MeO-C,H,Cl + 
MeO:C,H,Cl-CHO + MeO-C,H,Cl-CH(O-C,H,Cl), ha --. MeO-C,H,Cl + MeO-C,H,Cl-CHO + 
2HO:-C,H,Cl. 


Methylation of salicylaldehyde in 2N-KOH with excess of Me,SO, at 30—40° gave a 67% 
yield of salicylaldehyde methyl ether, and PhOH gave a 78% yield of PhOMe. The alkaline 
product of the Reimer—Tiemann reaction, diluted so that the KOH was 2N, was similarly 
methylated, and the oil obtained washed with dil. NaOH aq. to remove any unchanged phenolic 
substances. The phenol-free oil was refluxed for } hr. with 3N-H,SO, to hydrolyse any acetal 
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present. Chlorophenol was isolated from the product by shaking its ethereal solution with 
dil. NaOH aq. and extracting the acidified alkaline solution with Et,O. It was identified as 
the benzoyl derivative, m. p. 93°, and the dibromo-derivative, m. p. 90°, the latter of which 
was formed quantitatively and weighed. The CHCl, process gave by this method 1-527 g. of 
chlorodibromophenol (equiv. to 1-45 g. of acetal) and the trichloroacetic acid process 1-826 g. 
(1-74 g. of acetal). This seems good evidence of the formation of the acetal when it is con- 
sidered that none of the methylations represented above is quantitative, and that of the acetal 
probably the least so. 

Determination of Hydroxyl in the Resins obtained by the Trichloroacetic Acid Process—The 
resins obtained from various phenols as described on p. 498 were boiled with H,O containing a 
little H,SO,, extracted with Et,O, dried over Na,SO,, recovered, and left over H,SO, in a 
vacuum desiccator for several days. The percentage of hydroxyl in each was determined by 
means of Ac,O (24 c.c.) in dry pyridine (176 c.c.). The following results were obtained : 


% OH found, % OH found. 

Resin from (1). (2). A, Resin from : (2). A. 
Phenol 17-1 75 o-Chlorophenol 6 12-2 12-9 
o-Cresol DS 14-7 53 m- me 2°6 12-0 12°9 

154 53 p- 2-6 12-4 12-9 
14°4 15°3 — 256 11°9 12°3 


= % OH in corresponding trihydroxytriphenylmethane derivative. 


* This resin was obtained by refluxing 16 g. of benzal chloride, 19 g. of PhOH, and 30 g. of KOH 
in 200 c.c. of H,O for 2 hx, and removing unchanged PhOH and benzal chloride by steam-distillation 
of the acidified mixture. % OH in dihydroxytriphenylmethane, 12-3. 


NORTHERN POLYTECHNIC, LoNDON, N. 7. [Received, February 14th, 1933.] 





126. The Apparent Anomalous Lability of the 2-Nitro-group in 
2: 3-Dinitrotoluene. An Example of the Reversed-field Effect. 


By HERBERT H. Hopcson and Ernest W. SMITH. 


In 3 : 4-dinitrochlorobenzene and 3 : 4-dinitrotoluene it is the 3-nitro-group which under- 
goes displacement by such groups as NH, and OMe, since, in terms of the modern electronic 
theory, the 4-carbon atom in the activated molecule is less kationoid than its 3-carbon 
neighbour owing to the availability of an anionoid electromeric effect from the 1-substituent. 

With 2 : 3- and 2 : 5-dinitrotoluene, however, an apparent anomaly arises, Kenner and 
Parkin (J., 1920, 117, 852) having found that the 2-nitro-group reacts with hot alcoholic 
ammonia under pressure. To test whether this reaction can be effected by less drastic 
means, and therefore is to be regarded as normal, 2 : 3-dinitrotoluene has been subjected to 
the action of sodium mono- and di-sulphide at room temperature and also of hot aqueous 
caustic soda; in each case the 2-nitro-group was replaced. 

This phenomenon seems to be an example of the effect of the widely spread electron- 
attracting field outside the methyl group (Bennett and Mosses, J., 1930, 2364), which, by 
reducing the intensity of the negative field of the 2-nitro-group, increases the kationoid 
character of the 2-carbon atom beyond that of its 3-carbon neighbour. The anionoid 
reagent, therefore, attracted initially by the positive field of the methyl group, attacks the 
2-carbon in preference to the less kationoid 3-carbon atom. Similar examples are 2 : 5-di- 
nitrotoluene and 2-chloro-5 : 6-dinitrotoluene (Morgan and Drew, J., 1920, 117, 786). The 
co-ordination between the groups in o-toluidine suggested by Peacock (Nature, 1932, 129, 
57; cf. also Hodgson and France, this vol., p. 296) receives a like explanation. 


EXPERIMENTAL. 


Improved Preparation of 2 : 3-Dinitrotoluene.—3-Nitro-o-toluidine was prepared by a modific- 
ation of Meisenheimer and Hesse’s method (Ber., 1919, 52, 1170). Aceto-o-toluidide (30 g.) was 
added gradually to HNO, (66c.c.; d 1-5) in AcOH (36 c.c.) at 30—35°, followed by Ac,O (10c.c.) ; 
after 6 hr., the mixture was poured into H,O (1}1.), the ppt. washed, dried, and boiled with conc, 
HC1 (200 c.c.) for 6 hr., and 3-nitro-o-toluidine (15 g.) finally pptd. by dilution with H,O (1}1.), 
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The above product (10 g.) was converted into 3 : 3’-dinitro-2 : 2’-azoxytoluene (10 g.) by pour- 
ing its solution in EtOH (100 c.c.) into H,O (375 c.c.) containing K,SO, (50 g.) and conc. H,SO, 
(100 g.), and shaking the mixture for 3 days; the product crystallised from EtOH, in which it 
was sparingly sol., in buff-coloured plates, m. p. 121° (Found: N, 17-9. C,4H,,0,;N, requires N, 
17-7%). Treatment with 10 parts of HNO, (d 1-5) below 20° gave 2 : 3-dinitrotoluene, which was 
removed from the diluted mixture by steam distillation and then crystallised from aq. EtOH in 
white needles, m. p. 61° (Found: N, 15-5. Calc.: N, 15-4%). 

Action of Sodium Hydroxide on 2 : 3-Dinitrotoluene—The compound (1 g.) was heated for 
3 hr. on the water-bath with 20% aq. NaOH (20 c.c.), the mixture steam-distilled to remove 
unchanged initial material, acidified, and again steam-distilled; the volatile 2-hydroxy-3-nitro- 
toluene (3-nitro-o-cresol) obtained crystallised from 50% aq. EtOH in bright yellow prisms, m. p. 
and mixed m. p. with authentic specimen, 69° (Found: N, 9-4. Calc.: N, 9-2%). 

Action of Sodium Monosulphide on 2 : 3-Dinitrotoluene.—The substance (0-5 g.), dissolved in 
acetone (10c.c.), was mixed with Na,S,9H,0O (1 g.) in H,O (3c.c.), kept at room temp. for 24 hr., 
and diluted with H,O, and the pptd. 3 : 3’-dinitro-2 : 2’-ditolyl sulphide crystallised from EtOH ; 
pale yellow micro-rhombs, m. p. 152° (Kenner and Parkin, /oc. cit., give m. p. 150°) (Found : 
S, 10-5. Calc.: S, 10-5%). 

Action of Sodium Disulphide on 2: 3-Dinitrotoluene—The compound (1-5 g.) in acetone 
(30 c.c.) was mixed with a solution of Na,S,9H,O (3 g.) and S (0-3 g.) in H,O (10 c.c.), and kept 
for 3 days at room temp. ; the deep red liquor was then acidified with dil. HCl, the ppt. dissolved 
in 20% aq. NaOH, and the solution shaken with sodium hyposulphite until colourless and 
oxidised with K,Fe(CN).. 

3 : 3’-Diamino-2 : 2’-ditolyl disulphide was pptd.; it crystallised from aq. EtOH in buff- 
coloured needles, m. p. 123° (Found : S, 23-3. C,,H,,N.S, requires S, 23-2%). 

The acetyl derivative formed colourless needles from aq. ACOH, m. p. 167° (Found: §S, 18-0. 
C,gH»O,N,S, requires S, 17°8%); and the dipicrate, deep orange-yellow needles, m. p. 158° 
(Found: S, 9-0. C,,4H,.N.S.,2C,H,O0,N, requires S, 8-7%). 

Preparation of 3: 3’-Dinitro-2 : 2’-ditolyl Disulphide.—2 : 3-Dinitrotoluene (1 g.) in acetone 
(10 c.c.) was kept for 24 hr. after addition of Na,S,9H,O (4 g.) in H,O (3 c.c.), the deep red solu- 
tion diluted with H,O and filtered, and K,Fe(CN), added until colourless; 3 : 3’-dinitro-2 : 2’- 
ditolyl disulphide separated, and, after three crystns. from 80% AcOH, had m. p. 145° (Found : 
S, 19-2. C,,H,,0,N.S, requires S, 19-0%). 


The authors thank the Department of Scientific and Industrial Research for grants to one 
of them (E. W. S.). 
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127. Solubility of Barium Nitrate in Water. 
By J. NEWTON FRIEND and W. N. WHEAT. 


No systematic study of the solubilities of Ba(NO,), in H,O at various temps. appears to have 
been made since the work of Etard (Amun. Chim. Phys., 1894, 2, 527), although numerous isolated 
data mostly at room temp. have been recorded by different investigators. As Etard’s data for 
various salts have in general proved too low (Friend, J., 1929, 2782), it was decided to study the 
solubility of Ba(NO,), between 0° and 100° and to ascertain the conditions for the existence of 
Hirzel’s supposed dihydrate (Z. Pharm., 1854, 49). The salt was prepared by dissolving the 
pure carbonate in dilute nitric acid and twice crystallising it. The results are given in the table, 
where S represents the solubility as g. of anhyd. Ba(NO,), per 100 g. of solution. The solubility 
curve appears to be continuous and no evidence was obtained of the dihydrate. As the pptn. 
of Ba as BaSQ, is tedious, it was decided to ascertain if the Ba(NO,), in solution could be estim- 
ated by evaporation in a Pt dish on the water-bath and removal of adsorbed H,O by heating in an 
electric oven. Even when the final drying was effected at 250° the results were slightly higher 
than those obtained by pptn., as the following data show : 


(1) Evaporation 1°8158 0°5866 0°5164 
Ba(NOs),, g., by{ {3} Pptn. as BaSO, 1-8134 0°5857 0°5147 


The differences, possibly due to slight loss of pptd. BaSO,, are too small appreciably to affect 
LL 
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the solubility determinations ; all the present authors’ data in the table, save those at 9-1°, 9°6°, 
and 34-2°, were obtained by pptn. Etard’s results are not included in the table as they were in 
most cases too low. The other data agree very closely in general. Within the limits of exptl. 
error they are represented by the equation S = 4-70 + 0-173¢ + 0-000457?. 


Solid phase, Ba(NOg)». 


Temp. Ref. S. Temp. Ref. S. 
15°0° E. 7°30 30°0° C. 10°33 
15°6 751 34:2 11-21 
17:0 : 7°68 35°0 F. 11-39 
20°8 8°39 45°2 13°56 
211 ‘ 8°46 50-0 G, 14°63 
25-0 , 9°54 58°6 16°59 
25°0 L 9°55 79°4 21-29 
25°0 : 9°28 83-0 22-12 
25°0 ‘ 9°29 86°5 23°10 
30°0 , 10°25 89°6 23°51 

Ch. 30°0 j 10°40 95-0 24°80 

C. = Coppadoro, Rend. Soc. chim. ital., 1911, (2), 3a, 207; Gazzetta, 1913, 48, (i), 138; F. = Find- 
lay, Morgan, and Morris, J., 1914, 105, 779; Ch. = Chlopin, Z. anorg. Chem., 1925, 148, 112 (this datum 

is calculated by using Euler’s density, viz., 1-062, for the saturated solution at 15°); E. = Euler, Z. 

physikal. Chem., 1904, 49, 315; P.= Parsons and Corson, J. Amer. Chem. Soc., 1910, 32, 1383; 

D. = D’Ans and Siegler, Z. physikal. Chem., 1913, 82, 35; G. = Glasstone and Riggs, J., 1925, 127, 

2846; R.= Rothmund and Wilsmore, Z. physikal. Chem., 1902, 40, 620; M.= Masson, J., 1911, 99, 

1132; B. = de Baat, Chem. Weekblad, 1918, 15, 463. 
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128. The Energetics of Catalysis. Part I. The Energetic Homogeneity 
of a Platinum Surface. 


By Epwarp B. MAXTED and Gorpon J. LEwiIs. 


TuE following work has been undertaken as a contribution towards the analysis of the 
energy distribution within the surface of a catalyst. If certain of the individual adsorbing 
or catalysing elements of such a surface possess a higher activity either for catalysis or 
for adsorption, it appeared conceivable that this higher degree of activity might be associ- 
ated with an abnormal energetic condition compared with other, less active elements; 
and it was accordingly considered of interest to examine, for any convenient heterogeneous 
catalytic reaction, the possible variation, from element to element, in the critical incre- 
ment, viz., in the additional energy required for the raising of the given element, or of an 
adsorption complex associated with this, to reaction level. The problem is intimately 
connected with the existence and nature of so-called peak areas or centres of special activity 
within a catalytic surface. 

If the existence of such specially active centres is assumed, these centres should, from 
their nature, both catalyse and adsorb preferentially, compared with other potential 
catalysing or adsorbing centres; consequently, if a catalytic surface, e.g., of platinum, be 
exposed to the action of a relatively small concentration of a poison, the latter should be 
adsorbed preferentially on the centres of relatively high activity, leaving the remainder 
of the surface free, or relatively free, for catalysis or for further adsorption. If, there- 
fore, the energy of activation, first for the unpoisoned surface and, subsequently, for the 
gradually decreasing residual fraction left by progressive occupation of the surface by 
increasing concentrations of a poison, be measured, the variation in this energy should 
indicate a corresponding variation in the original energy of the adsorbing or catalysing 
centres. 

The reaction chosen was the decomposition of hydrogen peroxide, for which the kinetics 
are simple and well known. The platinum-black, which was the catalyst, was progres- 
sively poisoned by known concentrations of mercury ions; and the energy of activation 
at various stages of poisoning was determined by means of the temperature coefficients in 
the usual manner. 
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EXPERIMENTAL, 


A standard suspension of Pt black, having a grain size sufficiently large to be washed by 
decantation and sufficiently small for a constant quantity of the metal to be transferred to 
the reacting system, when required, by means of a pipette, was, after considerable trial, made 
by the reduction of H,PtCl, with CH,O according to Léw’s method (Ber., 1890, 23, 289). The 
Pt, after prolonged washing, was stored in conductivity H,O in the form of a suspension con- 
taining about 0-25 mg. of Pt perc.c. The aq. H,O, employed contained 30 g. per 1.; and the 
HgCl, aq. used for poisoning contained 
0-0025 mg. Hg per c.c., a solution of 4 
times this concn. being taken when N 
more convenient. All measurements were 
carried out in a thermostat, the temp. 
of which could be adjusted within 0-02°. 
It was shown, by means of tests with 
KCl, that the Cl’ ion exerted no measur- 
able influence on the activity of the Pt, 
poisoning being due to the adsorption of 
the Hg” ion, as previously investigated 
(J., 1925, 127, 73). 

In carrying out each expt., 1 c.c. of 
the suspension of Pt and the appropriate 
quantity of HgCl, were made up to 50 c.c. 
and kept over-night in the thermostat. 
The partially poisoned catalyst was 
diluted to 250 c.c. and stirred in the 
thermostat for a further 3 hr. 25 C.c. of 
the aq. H,O, were now added, and the Mercury content, mg. 
decompn. was followed by titration with 
KMnQ, in the usual way, the catalyst in the samples withdrawn being rendered inactive by 
immediately bringing each into contact with a relatively large quantity of HgCl,, in order to 
inhibit further reaction during the titration. 

The results of a number of such measurements are summarised in the following table, k being 
the unimol. reaction const. 
































Series 1. Series 2. 


Poison content Poison content Poison content Poison content 
of system. of system. of system. of system. 
Mg. of ; Mg. of Mg. of 
Hg per Hg per Hg per 
Hg, meg. of g. mg. of Hg, mg. of 
mg. Pt. kx10°. ; . A , Pt. kx105. mg. Pt. kx105. 
At 0°. 5°, At 0°. At 25°. 
0 203 0 200 0 1290 
0025 0-01 171 ‘ ‘ 500 0025 0-01 177 0-01 1120 
005 =0°02 147 ‘ i 415 005 =0-02 149 0°02 940 
0075 0:03 115 ; ’ 350 j 0:03 123 0:03 791 
, 0°04 108 ; ’ 265 F 0°04 122 0:04 685 
0-08 85 , ’ 189 ‘ 0:08 85 0:08 487 
0°12 65 ‘ P 110 0: 0°12 70 0°12 335 
, 55 
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On plotting the above results graphically, poisoning curves of the type previously found 
(J., 1921, 119, 225; 1922, 121, 1760) are obtained, in which the activity of the Pt decreases 
initially linearly with an increase in the poison content, this stage being followed by a less rapid, 
but also approx. linear, decrease in activity with a still greater increase in the poison content. 
This is shown in the fig. It is probable that the initial linear portion of each of the graphs 
corresponds with the section of the Hg™ ion adsorption isotherm for which the adsorbed concn. 
is linearly proportional to the initial bulk concn. of Hg” ions in the solution (J., 1925, 127, 
73); indeed, the bulk concn. at which the point of inflexion occurs corresponds in order of 
magnitude with these earlier measurements, although the method of preparation of the Pt 
black was not the same; so that, for this section of the graphs, the initial bulk concn. of poison 
may be taken as a measure of the adsorbed concn. of poison at the Pt surface. Beyond this 
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point, equiv. bulk concns. of poison will not necessarily correspond with the equiv. adsorbed 
concn. which is necessary for the determination of the temp. coefficient of the catalyst at a 
given stage of partial poisoning; and the method is thus limited to stages of poisoning corre- 
sponding with the first part of the poisoning graph, unless, as was previously done, a separate 
estimation of the adsorbed concn. at each bulk concn. is made. 

On calculating the activation energy for various stages of poisoning up to the point of 
inflexion, by means of the relationship 


2 = 1-98 x 2-3026[7,T./(T, — T,)] log kz,/kz, 
the following values are derived. 


Poison content of system (mg. of Hg) 0:0025 0:0050 0:0075 
E (cals,) { Series 1: Ty = 273°; T, = 288° 10,900 11,100 10,800 ~—11, 600 
\Series 2: T, = 273°; T, = 298° 12,000 11,900 11,900 12,000 

It will be seen that, for each temperature difference, viz., from 0° to 15° in the first, 
and from 0° to 25° in the second series, the value of the energy of activation remains 
approximately constant as the poison content is increased to that corresponding with the 
point of inflexion. The figure, moreover, shows that the first linear portion of each of 
the poisoning graphs intersects the poison concentration axis at approximately the same 
point. 

The constancy in the values of E indicates merely that, if peak areas of special activity 
exist, these are of such a nature that, at any rate up to the fraction of the surface corre- 
sponding with the point of inflexion, a constant energy increment is required for the 
raising of each, or of an adsorption complex associated with each, to a condition which 
permits catalysis. Presumptive evidence for energetic homogeneity, not only among the 
surface elements involved in catalysis but also for the entire range of points capable of 
adsorption, is, however, derivable from the constancy of the differential heat of adsorption 
(Ward, Proc. Roy. Soc., A, 1931, 183, 506; Maxted, J., 1931, 3313; Beebe, Trans. Faraday 
Soc., 1932, 28, 761; Schwabe and Brennecke, Z. physikal. Chem., 1932, B, 16, 19). The 
linear form of the poisoning graph itself may also be regarded as evidence of homogeneity. 
These points are discussed elsewhere. 


UNIVERSITY OF BRISTOL. [Ieceived, March 3rd, 1933.] 





129. The Alkaloids of Anagyris Foetida and their Relation to the Lupin 
Alkaloids. 


By H. Raymonp ING. 


Tue alkaloids of Anagyris foetida were first investigated by Partheil and Spasski (A poth.- 
Ztg., 1895, 10, 903), who isolated cytisine and a varnish-like base which they named 
anagyrine. The subject was later taken up by Litterscheid (Arch. Pharm., 1900, 238, 
191, 230) and Klostermann (ibid., p. 227). Anagyrine was not obtained crystalline, but 
analysis of its salts indicated the formula C,,H,,ON,. It was a ditertiary base, but formed 
only a monomethiodide. Like cytisine, it was readily brominated and its oxygen atom 
was unreactive. Litterscheid regarded it as a cytisine derivative, possibly N-butyl- 
cytisine, but Goessmann (Arch. Pharm., 1906, 244, 30) later threw doubt upon the accepted 
formula. 

The chief difficulty facing the early investigators was the initial separation of anagyrine 
from cytisine, which it resembled closely. Klostermann effected a partial separation by 
precipitating anagyrine as its less soluble mercurichloride, and Litterscheid removed 
most of the cytisine as its phenylthiocarbamide derivative. It has now been found that 
anagyrine is much more readily extracted by benzene from its aqueous solution than 
cytisine and that its perchlorate is much less soluble in water than cytisine perchlorate. 
A rapid and easy separation of the two alkaloids based on these findings is described in 
the experimental section below. 
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Anagyrine forms a pale yellow glass and has not been obtained crystalline. It is 
levorotatory and has the composition C,;H, ,ON,, a formula which is supported by the 
analysis of its salts and simple derivatives. Consequently it differs from cytisine by 
C,H,, not C,H, as found by previous workers, a result which suggests that it may be 
derived from cytisine by the formation of a new piperidine or methylpyrrolidine ring. 

Anagyrine resembles cytisine in the following particulars: (i) It contains an unreactive 
oxygen atom and gives a red colour with ferric chloride. (ii) It is readily brominated to 
form dibromoanagyrine, C,;H,,ON,Br, (isolated by Klostermann as the hydrobromide), 
which is readily reduced to anagyrine, but does not lose hydrobromic acid with alkali. 
(iii) It is reduced with difficulty, but catalytic hydrogenation above 80° yields tetrahydro- 
anagyrine, C,;H,,ON,. (iv) It is reduced electrolytically to hexahydrodeoxyanagyrine, 
C,;H.g.N. These reduction products will be considered later (p. 506). (v) It is oxidised 
by barium permanganate to a crystalline substance, C,;H,gO,N,, probably identical with 
the ‘‘ anagyrine oxide ”’ of Litterscheid (loc. cit.), which it is proposed to call anagyramide 
by analogy with the N-methylcytisamides (Ing, J., 1932, 2778). 

Anagyramide contains no hydroxyl or ketone group and does not form a methiodide. 
It is remarkably stable to hydrolytic agents, but on treatment with hydriodic acid and 
phosphorus at 240° it loses carbon dioxide and yields a new secondary base, anagyramine, 
C,4HgON., which was characterised by nitroso- and acetyl derivatives. On ozonisation 
anagyramide loses C,H, and yields a new lactam, C;;H,g0,N,. The loss of C,H, in this 
reaction is analogous ie the similar loss in the ozonisation of tetrahydrohemicytiseline 
(Spath and Galinovsky, Ber., 1932, 65, 1526) and taken in conjunction with the bromin- 
ation and reduction products of anagyrine [(i)-(iv) above] is convincing evidence that 
this alkaloid contains the «-pyridone ring characteristic of cytisine (Ing, J., 1931, 2195). 

The loss of carbon dioxide in the hydrolysis of anagyramide by hydriodic acid suggests - 
that the new carbonyl group is in a position 8 to the pyridone ring, as was found for 
8-N-methylcytisamide. Moreover the ozonisation product C,,H,g0,N, appears to con- 
tain a malonyl residue, since the benzenesulphonyl derivative of the corresponding amino- 
acid loses carbon dioxide at its melting point. 

The data so far discussed are summarised in the partial formule below and appear 
to justify the assumption that anagyrine is simply related to cytisine (I) (Ing, locc. cit.) : 


a 
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C N CH, NH \ YN CH, N—-) (11) 
ot CH,-CH—CH, ot CH,-CH—C< |“ 


Anagyrine contains no methylimino-group and consequently (II) represents the 
simplest way of deriving anagyrine from cytisine, where C,Hy is part of a new piperidine 
or methylpyrrolidine ring. 

In order to obtain more data bearing on formula (II) anagyrine was subjected to 
exhaustive methylation, followed by catalytic reduction at each stage. Anagyrine 
methohydroxide decomposed smoothly in boiling benzene and the product was readily 
hydrogenated to dihydromethylanagyrine. If the methohydroxide be decomposed at 
higher temperatures, the product probably polymerises, since it cannot then be hydro- 
genated. After two further degradations the end product, hexahydroanagyryline, C,;H,,ON, 
was obtained. It was a feebly basic oil which lost C,H, on ozonisation to give a lactam, 
C,,H,,ON, which was hydrolysed and oxidised with elimination of the amino-group. 
An oily acid, C,,H,90,,.was obtained, which was converted through its anhydride into a 
crystalline imide, C,,H,,0,N. By subjecting cytisine to a similar course of degradative 
reactions, Spath and Galinovsky (loc. cit.) obtained ««’-dimethylglutaric acid, and on the 
basis of (II) anagyrine should yield «-methyl-«’-amylglutaric acid. The melting point of 
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the imide C,,H,,O,N was rather ill-defined (52—54°), but synthetic «-methyl-«'-n-amyl- 
glutarimide had the same melting point, alone or mixed with it. Consequently it appears 
legitimate to conclude that anagyrine differs from cytisine in the formation of a piperidine 
or a-methylpyrrolidine ring as in (III) or (IV). 


\_cH—CH, (~ OEE 


<Y cH, N—CHMe "V) 
© CH,-CH-CH CH, 


CH, 


Of these formule, (IV) appears to be more probable for a number of reasons. For 
instance, oxidation of anagyrine yields only one anagyramide (80% yield), whereas 
methylcytisine yields two methylcytisamides, and consequently it is probable that anagyrine 
contains only one methylene group attached to the basic nitrogen. Moreover anagyrine, 
anagyramide, and anagyramine when distilled with zinc dust all yield bases which give 
pyrrole reactions. Dehydrogenation of dihydromethylanagyrine with selenium also 
yields bases giving pyrrole reactions. Pure products have not yet been isolated from 
these reactions, but the available evidence is in favour of (IV). 

Anagyrine is structurally related not only to cytisine, but also to the lupin alkaloids. 
For instance, tetrahydroanagyrine has been found to be identical with /-lupanine. Its 
specific rotation and the melting points and rotations of its hydriodide and thiocyanate 
leave no doubt of this identity. These salts have also been compared with those of 
natural /-lupanine, specimens of which were kindly given me by Prof. G. R.Clemo. Hexa- 
hydrodeoxyanagyrine similarly appears to be identical with d-sparteine, although its 
specific rotation was some 5° low. The melting points of its salts, however, and direct 
comparison of its picrate with Prof. Clemo’s d-sparteine picrate leave little doubt of its 
identity with d-sparteine. The close relation between lupanine and sparteine has already 
been demonstrated by Clemo, Raper, and Tenniswood (J., 1931, 429), who converted d- 
and /-lupanine directly into /- and d-sparteine respectively, and the structural relation of 
these alkaloids to anagyrine and to cytisine is particularly interesting in view of the wide 
occurrence of the latter in the Leguminosae. 

If the arguments in favour of (IV) for anagyrine are well founded, lupanine and spar- 
teine must now be represented by (V) and (VI) respectively. 
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Formula (VI) readily accounts for the formation of two sparteine monomethiodides 
whatever arrangements of the valencies round the nitrogen and asymmetric carbon 
atoms be assumed. This would not be true of a sparteine formula derived from (III) 
for anagyrine, since it could assume a symmetrical form. 

These new formule for lupanine and sparteine appear to agree with the well-estab- 
lished facts about these alkaloids as well as any formule previously suggested. It is 
established that lupinine contains the octahydropyridocoline ring (Clemo, Ramage, and 
Raper, J., 1932, 2959; Winterfeld and Holschneider, Annalen, 1932, 499, 109) and Karrer, 
Canal, Zohner, and Widmer (Helv. Chim. Acta, 1928, 11, 1062) suggested that sparteine 
was a condensation product of lupinine and piperidine. It may be noted that (VI) differs 
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from one (VII) of the sparteine formule of Winterfeld and Kneuer (Ber., 1931, 64, 150) 
only in the carbon-carbon point of attachment of the «-methylpyrrolidine ring. The 
pentadecane obtained by Karrer and co-workers (Helv. Chim. Acta, 1930, 13, 1292) from 
sparteine should be on the basis of (VI) a mixture of the cis- and trans-6 : 8-dimethyl- 
tridecanes. 

In view of the evidence recently published by Clemo and co-workers (loc. cit.) that 
fully hydrogenated pyridocoline and pyrrocoline can exist in cis- and trans-forms, formule 
(V) and (VI) indicate the possibility of stereoisomeric lupanines and sparteines. The 
reduction of anagyrine to lupanine and to sparteine involves the saturation of a tetra- 
hydropyridocolone nucleus, but no evidence was obtained of more than one reduction 
product in each reaction. 


EXPERIMENTAL. 


Extraction of Alkaloids.—The alkaloidal content of A nagyris foetida seed was kindly extracted 
for me by Messrs. T. & H. Smith Limited, Edinburgh. The powdered seed was mixed with 
10% of its wt. of Ca(OH),, damped, and percolated with 90% EtOH until exhausted The 
EtOH was recovered and the alkaloids were shaken out with CHCl,. Most of the CHCl, was 
recovered and the alkaloids were supplied as a 50% aq. solution of their mixed hydrochlorides. 
All evaporation of solvents was effected at a low temp. in a vac. The alkaloid content of the 
seed was about 3—4% by wt. 

Separation of Cytisine and Anagyrine.—The solution of the mixed hydrochlorides (500 c.c.) 
was treated with NH, aq. (d 0-880; 150 c.c.) and extracted 5 times with C,H, (150 c.c.). 
The aq. mother-liquor was then extracted 5 times with CHCl, (150 c.c.). The C,H, extract 
was evaporated, and the residue taken up in H,O and neutralised with HCIO, (d 1-12). Most 
of the anagyrine crystallised as its perchlorate and a second crop was obtained by evaporation 
of the mother-liquor. The crude perchlorate, recryst. from boiling H,O (charcoal), formed 
colourless needles, decomp. about 270° without melting. Anagyrine perchlorate is sparingly ~ 
sol. in cold and readily sol. in boiling H,O (Found : C, 52-1; H, 5-9; N, 8-0. C,;H,,ON,,HCIO, 
requires C, 52-3; H, 6-1; N, 8-1%). 

The CHCl, extract was dried with Na,SO, and evaporated. The semi-solid residue was 
extracted with hot EtOAc, leaving an insol. black tar. Crude cytisine crystallised on concn. 
of the solution and was purified by distillation in vac. and crystn. from acetone. A small 
amount of anagyrine perchlorate was obtained by neutralising the EtOAc mother-liquors 
with HCIO,. Cytisine perchlorate forms colourless needles readily sol. in cold H,O (Found : 
N, 10-0. C,,H,,ON,,HCIO, requires N, 9-6%). 

The ultimate mother-liquors from anagyrine perchlorate have been left for future 
examination. 

Anagyrine, obtained from the perchlorate by treatment with NH, aq. and extraction with 
CHCl,;, was purified by distillation (210—215°/4 mm.). It formed a pale yellow glass which 
darkened in light, was deliquescent, and was not obtained cryst. (Found: C, 73-6; H, 8-1; 
N, 11-45. Calc. for C,;H,ON,: C, 73-8; H, 8-2; N, 11-5. Calc. for C,;H,ON,: C, 73-2; 
H, 8-9; N, 11-4%). In alc. solution (1-796%) it had [a]? — 165-3°. Anagyrine is less sol. 
in hot than in cold H,O, readily sol. in EtOH, C,H,, Et,O, and CHCl,, and insol. in ligroin. 
Like cytisine, it gives a red colour with FeCl, aq. The hydrochloride forms colourless needles 
(Found : C, 60-5; H, 7-4; N, 9-8. Calc. for C,;H,,ON,,HCI,H,O : C, 60-3; H, 7-4; N, 94%). 
The hydriodide crystallises in anhyd. colourless needles from EtOH (Found: C, 47-9; H, 
5-7; NMe, 0. Calc. for C,;H,,ON,,HI: C, 48-4; H, 5-6%). 

Dibromoanagyrine (cf. Klostermann, Joc. cit.) forms colourless leaflets from EtOH, m. p. 
202—203° (Found: C, 45-0; H, 4-6; Br, 39-4. C,;H,,ON,Br, requires C, 44:8; H, 4-5; 
Br, 39-8%). On reduction with Zn dust and AcOH it gave anagyrine. It was recovered 
unchanged after boiling with alc. KOH. 

Anagyramide.—Anagyrine (24-4 g.), dissolved in H,O (200 c.c.), was treated gradually 
with 10% aq. barium permanganate (about 340 c.c., i.e., 2—3 oxygen atoms/mol. of anagyrine) 
below 10° until the solution remained faintly pink for 5 min. The filtrate and washings from 
the MnO, were evaporated to small bulk in vac., made alkaline, and extracted with CHCl). 
The CHCl, solution was dried with Na,SO, and evaporated. The residue solidified and was 
crystallised by solution in cold CHCl, (1 vol.) and addition of light petroleum (4 vols.). The 
product softened at 195° and melted at 201°. Yield, 21 g. (i.e., approx. 80% of theo.). Final 
purification was effected by extraction with hot abs. Et,O and concn. of the ethereal solution. 
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Anagyramide crystallised in colourless needles, m. p. 201—202°. Litterscheid’s ‘‘ anagyrine 
oxide’ had m. p. 195° (Found: C, 69-9; H, 7-0; N, 10-7. Calc. for C,;;H,,0,N,: C, 69-8; 
H, 7:0; N, 10-8%). 

Anagyramide is a feebly basic substance which forms no methiodide. It is remarkably 
stable to acidic and alkaline hydrolysis. 2-5 G. were heated with HI aq. (5 c.c., d 1-7) and 
red P (0-5 g.) at 235—240° for 4 hr. The diluted product was made alkaline and extracted 
with Et,O. Removal of the ether left an oil which, after solidifying, was crystallised from 
light petroleum and finally from hexane. Anagyramine melted at 98—99° with softening at 
96° (Found: C, 72-7; H, 8-5; N, 12-5. C,,H,,ON, requires C, 72-4; H, 8-6; N, 12-1%). 
Anagyramine formed an acetyl derivative which, cryst. from EtOAc, had m. p. 134—135° 
(Found: C, 70-3; H, 8-1; N, 10-1. C,,H,,O,N, requires C, 70-7; H, 8-0; N, 10-2%), and 
resisted hydrolysis by boiling with conc. HCl for 2 hr. A nitroso-derivative was also obtained 
in plates, m. p. 127—128°, from Et,O (Found : C, 64:5; H, 7-2; N, 16-1. C,4H,,0,N, requires 
C, 64-4; N, 7-3; N, 16-1%). 

Anagyramide (5 g.) in CHCl, (100 c.c.) was treated with ozonised oxygen (1-85 g. O;). H,O 
was added, and the CHCl, evaporated. The aq. solution was treated with NaHSO;, made 
alkaline with NH, aq., and extracted with CHCl,. Evaporation of the CHCl, solution left a 
solid residue (1-2 g.), which was crystallised by solution in abs. EtOH and addition of Et,O. 
The new lactam had m. p. 258° after sintering at 250° (Found: C, 63-7; H, 7-6; N, 13-7. 
C,,H,,.O0.N, requires C, 63-5; H, 7-7; N, 13-5%). The substance was dissolved in 20% KOH 
aq. by warming and shaken with Ph-SO,Cl (excess). A benzenesulphonyl derivative was pptd. 
by acid and was purified by solution in NaHCO, aq. and repptn. The ppt. crystallised slowly 
and melted at 141° (efferv.) (Found: C, 55-6; H, 6-4. C,,H,,0,;N,S requires C, 55-7; H, 
6-0%). 

Exhaustive Methylation of Anagyrine.—Anagyrine methiodide was prepared by refluxing 
anagyrine for many hours with Mel in acetone solution. It separated slowly and was collected 
at intervals and crystallised from MeOH. It is sparingly sol. in cold MeOH, hot EtOH, and 
acetone; m. p. 264° (decomp.) (Found: C, 50-3; H, 5-95. Calc. for C,,H,,ON,I: C, 49-7; 
H, 5-95%). 

The methiodide (19-5 g.) in methyl-alc. suspension (250 c.c.) was shaken with Ag,O (6 g.). 
The filtered solution was evaporated in vac. until the cryst. methohydroxide separated. C,H, 
(100 c.c.) was added and 50—60 c.c. were distilled off. This method ensures the decomp. of 
the hydroxide without polymerisation of the resultant base. The C,H, solution was filtered 
to remove amorphous material and extracted with 10% aq. AcOH (50 c.c.). Palladised char- 
coal (1 g.) was added to the acid extract, which was then freed from traces of C,H, in vac. 
and hydrogenated; 84—85% of the theo. amount of H was taken up in 2 hr., and absorption 
then ceased. The solution was filtered, basified with NH, aq., and extracted with CHC]. 
Dihydromethylanagyrine was purified by distillation, b. p. 180—190°/1 mm., and formed a very 
thick oil (Found: C, 73-6; H, 8-9. C,,H,,ON, requires C, 73-8; H, 9-2%). 

Dihydromethylanagyrine (18 g.) was refluxed in acetone with MeI. An amorphous meth- 
iodide separated and, when the reaction was complete, dry Et,O was added and the supernatant 
liquid decanted. The methiodide was washed with Et,O, dissolved in MeOH, and shaken with 
Ag,O. The filtered solution was evaporated, and the residual hydroxide decomposed by 
heating at 120°/10 mm. _ The residue was distilled, and the fraction with b. p. 200—210°/4 mm. 
dissolved in AcOH (10%) and hydrogenated. Hydrogen absorption was slow, 11 g. of the 
base with palladised charcoal (2 g.) taking up only 70% of the theo. vol. of H in 5—6 hr., and 
consequently the base probably contained dihydromethylanagyrine. The reduction product 
was worked up as before but not analysed. 

The crude tetrahydrodimethylanagyrine, probably mixed with dihydromethylanagyrine, 
was converted into the methiodide by refluxing in acetone solution with excess of MeI. The 
methiodide was pptd. completely with Et,O, washed with Et,O, and converted into the hydr- 
oxide in methyl-alc. solution. The hydroxide after removal of MeOH was decomposed by 
heating at 120—130°/10 mm. until no more NMe, was evolved. The residue was distilled at 
4 mm., and the distillate shaken with dil. ACOH aq. The major part was insol. and was 
extracted with C,H,. After removal of the C,H, the residue was hydrogenated in alc. solution 
with palladised charcoal. Absorption of H was very rapid and at its cessation the solution 
was filtered, the alcohol evaporated, and the residue distilled. Hexahydroanagyryline formed 
a pale yellow oil, b. p. 155—160°/4 mm. (Found: C, 76-4; H, 9-8. C,;H,,ON requires C, 
77-2; H, 99%). 

Hexahydroanagyryline (3-3 g.) was treated with a slight excess of ozone in CHCl, solution 
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at 0°. H,O was added, and the CHC], distilled off. The oily residue was collected in CHC]l,, 
dried, and distilled; 1-6 g. of a yellow oil, b. p. 140—150°/4 mm., were obtained (Found: C, 
71-9; H, 11-4. C,,H,,ON requires C, 72-1; H, 11:5%). 

The compound C,,H,,ON (1-6 g.) was heated with fuming HCl aq. (10 c.c.) at 100° for 
2hr. The acid solution was evaporated completely, the residue taken up with H,O, filtered, 
made alkaline with KOH, and treated with 1% aq. KMnO, on the water-bath until a permanent 
pink colour was obtained. The solution was filtered, evaporated to small bulk, and acidified. 
An oily acid was pptd., which was extracted with Et,O and, after drying with CaCl,, distilled. 
An acid (0-6 g.), b. p. 180—200°/4 mm. (metal-bath temp.), was obtained (Found: C, 61-5; 
H, 9°3. C,,H gO, requires C, 61-1; H, 9:3%). 

The oily acid showed no sign of crystn. It was refluxed with AcCl until all evolution of 
HCl ceased. The excess of AcCl was removed in vac., and the residue heated with urea (0-2 g.) 
at 200—220° until efferv. ceased. The product was extracted with dry Et,O, the ethereal 
solution filtered and evaporated, and the residual oil distilled at 4mm. The distillate crystal- 
lised slowly to a wax-like solid. The crystals were drained, and recrystallised by allowing the 
ethereal solution to ‘evaporate. The product formed white waxy crystals very sol. in all 
solvents except H,O. It softened at 50° and melted at 52—54°, and its mixture with synthetic 
a-methyl-a’-n-amylglutarimide had the same characteristic m. p. 

a-Methyl-«’-n-amylglutaric Acid.—n-Amyl] bromide (b. p. 129—130°) was condensed with 
ethyl sodiomalonate in alc. solution with addition of NaI, and the ethyl x-amylmalonate 
(b. p. 99—100°/5 mm.) converted into its sodio-derivative in abs. EtOH and refluxed with 
ethyl «-bromoisobutyrate. Ethyl «’-carbethoxy-«-methyl-«’-n-amylglutarate (b. p. 120— 
130°/4 mm.) so obtained was hydrolysed by boiling with aq.-alc. KOH. The acid liberated 
by acidification of the alcohol-free hydrolysate was an oil, which was extracted with Et,O and 
distilled. It lost CO, at 140—160° and came over between 180° and 200°/4 mm. «a-Methyl- 
«’-n-amylglutaric acid was an oil (Found: C, 61-5; H, 9-3. C,,H. 0, requires C, 61-1; H, 
93%), which was converted into the imide as described above for the acid derived from | 
anagyrine. «-Methyl-a«’-n-amylglutarimide was insol. in H,O, but so sol. in all other solvents 
that it could only be crystallised by allowing its ethereal solution to evaporate. It softened 
at 50° and melted at 53—54° (Found: C, 67-0; H, 9-6. C,,H,,0,N requires C, 67-0; H, 
9-6%). One of the two possible stereoisomeric «-methyl-«’-n-amylglutaric acids eventually 
crystallised and was separated and recrystallised from light petroleum. It formed leaflets, 
m. p. 76—78°. 

Tetvrahydroanagyrine.—Anagyrine hydrochloride (6 g.), dissolved in AcOH (50 c.c.), was 
shaken in H with 20% palladised charcoal (1 g.). No absorption of H occurred at room temp., 
but at 80—90° 1010 c.c. (theo., 990 c.c.) were taken up in 8 hr. The catalyst was removed 
and washed with H,O and EtOH, the filtrate evaporated to small bulk, basified, and extracted 
with CHCl,, and the product fractionated twice. Tetrahydroanagyrine distilled at 186— 
190°/1 mm. and had [«]?” — 61-45° in 1-028% solution in acetone (Found: C, 72-5; H, 9-8. 
C,;H,,ON, requires C, 72-6; H, 9-7%). Tetrahydroanagyrine was proved to be identical with 
l-lupanine (for which Clemo, Raper, and Tenniswood, Joc. cit., record b. p. 186—188°/1 mm., 
and [a]) — 61-0° in acetone) by examination of the following salts, the figures in square 
brackets being those recorded by Clemo and co-workers for /-lupanine : Hydriodide, prisms 
from H,O, m. p. 190° with softening at 186° [190°]; [a]#’ — 44-0° in 0-832% aq. solution 
[— 43-6°]; mixed m. p. with /-lupanine hydriodide, 190° (Found: C, 43-7; H, 7:0. Calc. 
for C,,H,,ON,,HI,2H,O: C, 43-7; H, 7:0%). Thiocyanate, softened and lost H,O at 143— 
145° [142°], melted finally at 183—185° [183—-185°]; mixed m. p. with /-lupanine thiocyanate, 
183—185°; [a]?! — 55-4° in 0-476% aq. solution [— 553°]. The perchlorate formed prisms 
from EtOH, m. p. 210°, with softening at 195° (Found: C, 495; H, 7:4; N, 7:4. 
C,;H,,ON,,HCIO,,H,O requires C, 49-1; H, 7-4; N, 7-6%). 

Hexahydrodeoxyanagyrine.—Anagyrine (32 g.), dissolved in 50% H,SO, aq. (200 c.c.), was 
electrolysed between pure lead electrodes. The cathode had an area of 1-6 sq. dm., and a 
current of 40 amp. and 6-8 volts was used. The anode chamber was a porous pot containing 
50% H,SO, aq. and was cooled by a cold water coil. The cathode chamber was maintained 
at 40—45° by an ice-water jacket. The electrolysis was continued for 6 hr.; the electrolyte 
was then made strongly alkaline and steam-distilled, and the distillate neutralised with HCl 
aq., evaporated to small bulk, basified, and extracted with Et,O0. The ethereal solution was 
dried with KOH, and the product fractionated twice. Hexahydrodeoxyanagyrine had b. p. 
130—135°/1 mm.; [«]}° + 10-9° in 2-952% abs. alc. solution [d-sparteine, b. p. 1833—135°/1 
mm.; [a#]p + 15-9°] (Found: C, 76-8; H, 11-0. C,;H2.N, requires C, 76-9; H, 11-1%). 
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Hexahydrodeoxyanagyrine gave the sulphur—hydrogen sulphide reaction of sparteine, and was 
proved to be d-sparteine by examination of its salts : Monohydriodide, m. p. 230—231° [229°]; 
[a] — 8-9° in 0-716% abs. alc. solution (Found: C, 49-6; H, 7-6. Calc. for C,;H,,N;,HI : 
C, 49-7; H, 7-5%). Dipicrate, m. p. 205—206° [205—206°] (Found : picric acid, 66-8. Calc. 
for C,;H,.N,,2C,H,0O,N,: picric acid, 66-2%). Mixed m. p. with d-sparteine picrate, 205— 
206°. The monoperchlorate crystallised from EtOH in plates, m. p. 169—170° without decomp. 
(Found: C, 53-9; H, 8-0; N, 8-1. C,;H,,N,,HCIO, requires C, 53-8; H, 8-1; N, 84%). 
This salt is readily sol. in cold CHCl, and sparingly sol. in cold H,O and EtOH. 1-Sparieine 
monoperchlorate had similar properties and m. p. 171—172°, and a mixture of «-hexahydro- 
deoxyanagyrine perchlorate with it melted at 135—140° (Found: C, 53-8; H, 8-0. 
Ci 5H2gN,,HCIO, requires C, 53-8; H, 8-0%). 


The author is indebted to the Chemical Society for grants. 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, March 28th, 1933.) 





130. The Nitrosation of Methylaniline. 
By J. CAMPBELL EARL and Norman F. B. HALL. 


RECENT studies on the diazotisation reaction (J. Proc. Roy. Soc. N.S.W., 1932, 66, 157) 
directed the authors’ attention to the nitrosation of secondary amines as being probably 
analogous to the former reaction in its initial stages and yet avoiding the complications of 
unstable and reactive end-products. The volume changes occurring on heating reaction 
mixtures containing secondary amines, nitrous acid, and hydrochloric acid appeared at 
first to be of the same general character as those observed when aniline was used in place 
of the secondary amine (loc. cit.). However, the very marked characteristics of the volume— 
temperature curves obtained with methylaniline over a narrow range of carefully con- 
trolled conditions, especially in respect of acidity, seemed to merit a close investigation. 
Fig. 1 shows the type of curve obtained with 1 mol. of methylaniline hydrochloride, 1 mol. 
of sodium nitrite, and 0-5 mol. of hydrochloric acid in concentrated methyl-alcoholic 
solution, the experimental conditions being described on p. 511. 

At a constant temperature of 8°, 7.e., a little below that at which the most marked 
irregularity in the expansion curve occurs, the reaction. takes place at a rate convenient 
for observation; by carrying it out in a dilatometer, as before, the characteristic volume- 
time curves illustrated in Fig. 2 were obtained. There is a regular contraction during a 
more or less prolonged initiatory period, followed by a sudden expansion and an almost 
equally sudden contraction to a constant volume. The duration of the initiatory period 
was the longer the smaller the amount of acid added. The sudden expansion on the 
volume-time curves corresponds to the peak previously noted on the volume-—temperature 
curves, and suggested that at this point an acceleration of the reaction had taken place 
with an evolution of heat so great that the temperature of the reaction mixture was no 
longer under the control of the cooling bath. That this was actually the case was proved 
by immersing a test-tube containing a similar reaction mixture in the bath and checking 
the temperature of the former against that of the latter: after the initiatory period, the 
temperature of the reaction mixture suddenly rose to over 1° higher than that of the 
bath. The volume-time curves show that the reaction was complete very soon after the 
rise in temperature. 

In the preliminary investigations (loc. cit.), it was considered that the very great influ- 
ence of the temperature factor on the initiation of the reaction, certainly in diazotisation, 
and probably in the nitrosation of secondary amines also, indicated an intramolecular 
change rather than a reaction between two or more molecules. This could be, conceivably, 
the transformation of the amine nitrite into a compound of the type C,H,-NR-N(OH),. 
The facts now brought forward, however, require another explanation, the most obvious 


being that given below. 
Nitrous acid reacts with methylanilinium ions produced by the dissociation of methyl- 
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aniline hydrochloride : NMePhH,*° + NO-OH —»> NMePh:NO + H,O0+ H’. The hydro- 
gen ions so liberated combine with free methylaniline, when present, to give further methyl- 
anilinium ions. In the mixtures examined, free methylaniline was always present at the 
commencement of the experiment, the amount being smaller the greater the amount of 
acid added. Therefore, increase of acid causes more rapid conversion of all the free methyl- 
aniline into reactive methylanilinium ions. When no free methylaniline remains, hydrogen 
ions commence to accumulate in the solution and, it is assumed, catalyse the reaction 
and accelerate it cumulatively. This is a possible explanation of the development of 
heat and the subsequent rapid completion of the reaction. 

It was hoped to obtain some information as to the correctness or otherwise of this 
hypothesis by following the reaction by electrical conductivity measurements. Until 
hydrogen ions are liberated, 7.e., until all the free methylaniline is used up, the conductivity 
would not be expected to vary greatly, but when they commence to accumulate, a sudden 
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increase in conductivity would occur. Actually, conductivity measurements of a mixture 
of N/10-methyl-alcoholic solutions of methylaniline hydrochloride and sodium nitrite 
with the addition of a suitable amount of hydrochloric acid solution (0-3—0-6 mol.) show 
the expected behaviour (Fig. 3). The ease with which the sudden change in conductivity 
is observed enabled a series of determinations to be made of the duration of the initiatory 
period when different quantities of acid were added (see p. 512). The results seem to 
support the explanation put forward above. The application of similar methods of 
investigation to aniline and other typical amines is in progress. 


E-XPERIMENTAL. 


Volume—Temperature Curve (Fig. 1).--To a MeOH solution of purified NHMePh,HCI (1-458 
g., 1 mol.) was added the requisite amount of conc. aq. HCl (0-5 mol.)._ The solution was cooled 
in an ice-bath and mixed with a solution of NaNO, (0-700 g., 1 mol.) in MeOH, similarly cooled, 
the total vol. of MeOH used for the two solutions being 48 c.c. The mixture was then trans- 
ferred to a dilatometer and the vol. observed over a range of slowly rising temperatures (7-6— 
15-5°) in the manner previously described (loc. cit.). 

Volume—Time Curves (Fig. 2).—The mixtures were prepared as above, with 0-4 and 0-5 





512 Britton and Robinson : 


mol. of acid respectively, but were transferred to a dilatometer kept in a bath at 8° + 0-05°. 
When 0-25 mol. of acid was used, no irregularity in the curve was detected over a period of 
1-5 hr. 

Conductivity Measurements (Fig. 3).—N/10-MeOH solutions of NHMePh,HCl and NaNO, 
(20 c.c. of each) and the requisite quantity of a MeOH solution of HCl were mixed at 21—22°. 
The mixture was then transferred to a cell of about 40 c.c. capacity, fitted with a thermometer 
and having Pt electrodes 1 cm. sq.and about 3 cm. apart. The measurements were made at 
22° + 0-2°. A slight rise in temp., usually about 0-2°, was noted at the point at which the 
conductivity changed. In the curves the reciprocal of the obs. resistance in ohms is plotted 
against the time in mins. 

Vol. of HCl soln., c.c. “f ‘ 1°4 1°6 18 19 2-0 
Mols. of HCl (NaNO, = NHMePh,HCI = 1)... *2% ‘ 0°39 0°44 0°50 0°53 0°56 
Duration of initial period, mins. ...............+.. >7 y 31 20 11 75 + 
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131. Physicochemical Studies of Complex Acids, Part X. The Pre- 
cipitation of Metallic Vanadates, with a Note on Moser and Brandl’s 
Method of estimating Vanadium. 


By H. T. S. Britron and RosBert A. ROBINSON. 


PREVIOUS investigations (Parts II and VII; Britton and Robinson, J., 1930, 1261; 1932, 
1955) have shown that the nature of solutions of the ortho-, pyro-, and meta-vanadate 
of sodium, prepared by the action of strong mineral acids on alkaline vanadate solutions, 
depends on whether the solutions are freshly made, or have been kept or boiled. More- 
over, if the solutions had been prepared by boiling, on reaction with silver nitrate they 
yielded the respective silver vanadates (J., 1930, 2328). Omission of boiling or ageing 


afforded more complicated vanadate solutions which, as now shown, have a profound 
effect on the composition of the silver vanadate precipitates. 

It was considered of importance to ascertain whether similar reactions occurred with 
solutions of other metallic vanadates, and to investigate further the nature of the combin- 
ation occurring between vanadic acid and sodium hydroxide. 


EXPERIMENTAL. 


1. Reactions of ‘‘ Unboiled’’ Alkali Vanadate Solutions with Silver Nitrate Solutions.— 
Solutions corresponding in compn. to Na,V,0, and NaVO, were prepared by the addition of 
the calc. amount of H,SO, to solutions of Na, VO, and Na,V,O, respectively in the cold. These 
solutions were yellow. They were treated with various proportions of AgNO, aq. and the 
ppts. obtained were analysed after drying at 120°. 

Addition of 50 c.c. of 0-025M-Na,HVO, (i.e., sodium pyrovanadate) to 50 c.c. of 0-1M- 
AgNO, produced a dark red gelatinous ppt. quite different in appearance from the yellow ppt. 
obtained by the interaction of AgNO, with a boiled solution of the pyrovanadate similarly 
prepared. Analysis, however, showed that the ppt. was 2Ag,0,0-99V,0,;. By mixing these 
solutions in equiv. amount, a similar ppt. of 2Ag,0,0-94V,0, was obtained, which turned 
yellow while being washed on the filter. When, however, twice as much vanadate solution 
was added as was sufficient to ppt. all the Ag, an orange-red ppt., 3Ag,0,1-10V,O,, was obtained. 
A solution of the 1:1 vanadate, prep. by addition of H,SO, to Na,VO, in the cold, gave a 
scarlet ppt., Ag,O,0-98V,0,, when added to AgNO, aq. in equiv. amount; but when added in 
large excess, it gave a yellow ppt., 2Ag,0,1-20V,0;. 

A similar metavanadate solution, prep. from the pyrovanadate and added to excess of 
AgNO, aq., gave a red ppt. of 1Ag,O,1-64V,O,; if the vanadate was in excess, however, a dark 
yellow ppt. of Ag,O,1-09V,0, was obtained. 

Hence the nature of the ppt. depends on the proportion in which the reagents are mixed. 
The interpretation of the above data is based on two principles: (1) There are three definite 
vanadates of Ag, the 3: 1, 2: 1, 1:1 salts, arranged in order of increasing solubility; (2) the 
addition of acid to boiling Na,VO, aq. produces in succession the pyrovanadate, the meta- 
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vanadate, and a complex salt approximating to Na,O,2-5V,O,;. In the cold, the pg titration 
curves (see Part VII; J., 1932, 1955) show that along with the conversion of the 3:1 into 
the 2:1 salt, a certain amount of the complex salt is formed and some 3: | salt is left un- 
attacked. Similarly, the addition of acid to the cold 2: 1 salt produces both the 1 : 1 salt and 
the complex salt, and some of the pyro-salt is left unattacked. 

On these two principles the reactions of the yellow vanadate solutions with AgNO, can 
be explained satisfactorily, and conversely they offer supporting evidence for these views of 
the constitution of alkali vanadate solutions. The first addition of the yellow pyrovanadate 
solution to one containing excess of AgNO, produces a mixed ppt. of the 3: 1, 2: 1, and 1: 2-5 
salts, 


Na,VO, + 3AgNO,—> Ag,VO, + 3NaNO,; Na,HVO, + 2AgNO,—> Ag,HVO, + 2NaNQO;; 
Na,O,2-5V,0, + 2AgNO,—> Ag,O,2-5V,0, + 2NaNOQ,. 


The ppt. is red, and pptn. proceeds in this manner until all the Ag is removed. Further addition 
causes decomp. of the ppt., with formation of the least sol. Ag vanadate, in this case the 3: 1 
salt : 

3Ag,HVO, + 2Na,VO,——> 2Ag,VO, + 3Na,HVO,; 

3Ag,0,2-5V,0, + 2Na;sVO,—> 2Ag,VO, + 3(Na,O,2-5V,0,). 


Fic. 1. 


3: 
2: 


-_—o 


0 r 3 4 
Sodium Vanadate, eguivs. 


Similarly, the yellow metavanadate solution probably consists of a mixture of the 2:1, 1:1, 
and 1: 2-5 salts. The first reaction of this solution with AgNO, will be a co-precipitation of 
the corresponding three Ag salts, which, on addition of an excess of the vanadate solution, 
decompose to yield the least sol. Ag salt that can be formed in these circumstances, in this 
case Ag,V,O,. The final ppt. is, therefore, yellow and corresponds closely to the 2: 1 salt. 

The conclusions are borne out by some Ag-electrode titrations on 0-01M- and 0-005M- 
AgNO, with alkali vanadates prepared by the action of acids, both with boiling and in the 
cold, on more alkaline vanadates. The cell combination used in the titrations was 


Ag|0-1N-AgNO,|KNO,, satd.|AgNO, + +-Sodium vanadate|Ag. 


Fig. 1 gives the obs. E.M.F.’s and the corresponding Ag* concns. set up during the titrations. 
The broken lines, marked 3:1, 2:1, and 1:1, are reproduced from Part VII (loc. cit.) for 
comparison, and correspond to the reactions of 100 c.c. of 0-01N-AgNO, with 0-1N-solutions 
of the ortho-, pyro-, and meta-vanadates respectively, that were prepared by boiling. The 
complete curves represent titrations of AgNO, with yellow sodium vanadate solutions that 
were prepared by suitable acidification in the cold and had not been boiled. The curve 2: 1 
is that of the titration of 100 c.c. of 0-01N-AgNO, with 0-:05N-Na,HVO,, prepared from Na,VO,. 
A similar titration performed with a vanadate solution prepared from one of Na,V,O, gave an 
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identical curve. The curve 1: 1-5 is that of 100 c.c. of 0-005N-AgNO, with 0-025N-Na,0,1-5V,0,, 
prep. from Na,V,O,; that marked 1 : 2 refers to a titration of 100 c.c. of 0-005N-AgNO, with 
0-0125N-Na,O,2V,0,;, prep. from Na,V,O,, and the bottom curve, 1:3, is that of 100 c.c. 
0-005N-AgNO, with 0-017N-Na,O,3V,0,, prep. from NaVO3. 


Fic. 2, 
iI 


Mg 504 
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From boiled solutions, ppts. were obtained immediately on addition of the first drop of 
vanadate solution to the AgNO, aq. With yellow, unboiled solutions, however, pptn. was 
often delayed beyond the stage at which it should be stoicheiometrically complete. With solu- 
tions containing more V,O, than the meta-salt, no pptn. occurred, but only a turbidity or a 
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red suspension. The points of pptn. are marked in Fig. 1 by arrows. The curve for the pyro- 
vanadate titration is above that corresponding to a boiled pyrovanadate solution; this shows 
that the Ag: concn. is less, but since the HVO,” concn. cannot possibly be proportionately 
greater, it follows that the E.M.F. cannot be governed by the solubility product of the 2:1 
salt. 

2a. Precipitation of Basic Vanadates with ‘‘ Boiled’? Alkali Vanadate Solutions.—The follow- 
ing table and Fig. 2 refer to a series of glass-electrode titrations of typical metallic salt solutions 
with 0-1N-solutions of the three sodium vanadates (i.e., 0-1N with respect to Na). Pptn. 
began at py values that were approx. those at which the corresponding metallic hydroxides 
would normally separate. The ratios V,O,;/(Metal oxide) at this stage are lower than those 
(in parentheses) which would have been found if the respective vanadates had been pptd. 
The V,O, contents of the ppts. obtained in the pyro- and meta-vanadate titrations of the 
acid HgNO, aq. were, however, slightly higher, probably owing to the action of the excess 
HNO, on the precipitant. The ratios in the Mg and Be titrations correspond to ppts. formed 
by twice the stoicheiometrical amount of titrant, and those for the remaining titrations were 
obtained from analyses of the ppts. when exactly theo. amounts had been added. 

The “‘ hydroxide py ”’ was not reached in the pyro- and meta-vanadate titrations of MgSO, ; 
hence no ppts. were produced. In all other reactions, the respective “‘ hydroxide py ’’ was 
exceeded and pptn. took place, the points at which it began being marked by arrows in Fig. 2. 
As a rule, it began very soon after the first few drops of alkali vanadate had been added, but 
in the Be titrations it was considerably delayed owing to the peculiar property of this metal 
of forming ‘‘ soluble basic salts.”” It was also delayed in those titrations in which the particular 
alkali vanadate was only just able to establish the py conditions for basic pptn.: e.g., in the 
reaction of Na,VO, with MgSO, the requisite , was not reached until 0-56 equiv. had been 
added, whilst in the titration of ZnSO, with NaVO, 0-96 equiv. was necessary. In both these 
reactions, excess of the precipitants did not greatly raise the py of the mother-liquors, and in 
consequence, pptn. was partial, the extents depending on the actual amounts employed. Com- 
parison of the sections of the curves corresponding to excess of the three sodium vanadates 
with the vanadic acid curve in Fig. 1 in Part VII (/oc. cit.), shows that the pq values set up tend 
to approach the values given by solutions of the respective vanadates. The py values due to 
excess of the precipitants, together with any V,O, remaining in solution, appear, however, to 
be higher than would have been the case if the solutions had been kept or boiled. 


Titration of 100 c.c. of metallic salt solutions by 0-1N-sodium vanadates : py and oxide ratio at 
precipitation. 

Hydroxide 

Salt. 3Na,0,V,0;. 2Na,0,V,0,. Na,O,V,O;. pptn. pu. 

19K M- pu 10°50 no ppt. no ppt. \ . 
0-0125M-MgSO, {¥o, MgO ‘0-105 (0333) PI 10°49 

; pu 6°72 6-74 
O-0125M-ZaSO, V,0,/ZnO 0-226 (0°5) 0:272 (1:0) } 6-80 

i Vy Pu 5°54 75 .‘ 
0:0125M-BeSO, {¢ O,/BeO 0: 100 (0:5) \ 5°69 

. Z pu 

0:00625M-ZrCl, {ps ,0,/ZrO, 


0-0143M-HgNO, + {ex 
0:0042M-HNO, _\V,0,/Hg,0 0-588 (0:5) 


5 
7 


; 
0:175 (1-0) 
1-70 re 
0-610 (2-0) } 186 
@ ( } 2-5—3-0 


11 (1-0) 


Except in the Mg titrations and those of ZnSO, with ortho- and pyro-vanadate, the mother- 
liquors were yellow and were more intense in those reactions where pptn. occurred at a low pg. 
Hence some of the added vanadate must have remained in solution in the form of yellow alkali 
polyvanadates, and, as judged from the colour produced in the more acid solutions, their compn. 
must have approached that of the stable complex, viz., Na,O,2-5V,0,;. The colourless mother- 
liquors during the titrations in which pptn. occurred in the alk. zone are due to the inability of 
the low concn. of H’ ions to decompose the alkali vanadates; H,BO , for instance, does not 
cause colourless alkali vanadates to become yellow, but KH,PO, readily does so. A pale 
yellow coloration accompanied the ppt. from ZnSO, aq. with NaVO,; this was due to the fact 
that a “ basic metavanadate’’ was separating and some sodium polyvanadate consequently 
being formed in the solution. 

If the view be accepted that 1 equiv. of the H,SO, in combination with Be(OH), is loosely 
bound, and that this acid reacts with the alkali vanadates so as to convert them into the stable 
salt Na,O,2-5V,O,, calculation shows that this amount of acid (12-5 c.c. of N/10) would require 
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14-4 c.c. of Na,VO,, 15-6 c.c. of Na,V,O,, and 20-8 c.c. of NaVO,; 7.e., these amounts of titrant 
would set up a py of 4 (cf. Fig. 1, Part VII) and therefore more alkali vanadate would be neces- 
sary before pq 5-7 [the pptn. pg of Be(OH),] could be reached. Pptn. actually occurred when 
18, 22, and 35 c.c. of the respective alkali vanadate had been added. 

2b. Other Precipitates obtained with “‘ Boiled’? Alkali Vanadate Solutions.—Fig. 2 also 
contains the ~, curves of some titrations in which normal ortho-, pyro-, and meta-vanadates 
were pptd. The py values obtaining during the process were considerably below the hydroxide 
pu’s, and with Pb,V,0,, Pb(VO,),, and AgVO, there occurred increases in [H’*] as the first 
portions of the precipitant were added; these were evidently caused by hydrolysis of the 
ppts., for, as will be shown in a subsequent paper, V,O, is slightly sol. in H,O to give a strong 
acid, having the approx. formula, H,V,O0,,. Fairly well-defined inflexions were given when 
the theo. amounts of the alkali vanadates were added. 

For the Ag titrations, 100 c.c. of 0-01M-AgNO, were titrated with 0-025N-solutions of 
the three alkali vanadates. Ag,VO, was pptd. between py 5-8 and 6-5, Ag,V,O, at pq 5-5—6-0, 
and AgVO, at py 4-25—4-75. For analysis, the ppts. were washed, and dried at 120° [Found : 
(1) Ag,O, 78-96; V,O;, 21-14. Calc. for Ag,VO,: Ag,O, 79-36; V,O;, 20-74. (2) Ag,O, 
71-59; V,O;, 28-49. Calc. for AgyV,0O,: Ag,O, 71-82; V,O;, 28°18. (3) Ag,O, 56-01; V,O,, 
43-78. Calc. for AgVO,: Ag,O, 56-03; V,O;, 43-97%]. 

The curves in Fig. 2 illustrate the pg changes during the reactions of 0-1N-alkali vanadate 
with 100 c.c. of 0-0125M-Pb(NO;),. The ppt. obtained with Na,;VO, was pure white and con- 
sisted largely of Pb,(VO,), [Found, in dried ppt.: PbO, 76-78, 77-01; V,O;, 22-37, 22-74. 
Calc. for Pb,(VO,),: PbO, 78-61; V,O;, 21-39%]; in spite of numerous attempts to obtain 
it pure, the orthovanadate always contained excess of V,O,. It is considered that as the 
ppts. were obtained from solns. containing a small excess of precipitant, a little PbO may 
have dissolved in the NaOH formed by hydrolysis of Na,VO,. Na,V,O, afforded a pale yellow 
ppt. of Pb,V,O, (Found, in ppt. dried at 120°: PbO, 69-87; V,O;, 29-20%; PbO: V,O,; = 
2-00 : 1-02). Double decomp. also occurred between NaVO, and Pb(NOs),, giving a red ppt. 
(Found: PbO, 55-80; V,O,;, 44-34%; PbO: V,0O,; = 1-00: 0-97). 


Note on the Estimation of Vanadium as Silver Meta-, Pyro-, and Ortho-vanadates. 


Browning and Palmer (Amer. J. Sci., 1910, 30, 220) devised a method of estimating V by 
pptn. as AgVO ;, wherein a HNO, solution of V,O, is made alk. by NH, and boiled until the 
remaining vanadate solution becomes faintly yellow. As shown by the authors (locc. cit.), 
the existence of a permanent yellow coloration indicates that the VO,’ ion is present, and more- 
over the py of such a solution is between 6 and 7. Addition of AgNO, aq. then leads to quant. 
pptn. of AgVO, of exactly correct compn., as confirmed by Moser and Brandl (Monatsh., 1929, 
51, 169) and ourselves. 

Moser and Brandl have recently described a method by which they claim that V may also 
be accurately determined as Ag,VO, provided the necessary conditions be established in the 
solution by adding NaOAc and a little conc. NH; (3 g. and 0-5 c.c. respectively for 200 c.c. of 
neutral solution containing 0-2 g. of V,O,;) before adding AgNO,, and then boiling for 3 hr. 
Besides making the solution alk., the relative large conc. of NH, would form complex silver- 
ammine kations and thus tend to keep the Ag’ conc. low, and this in turn would tend to dissolve 
some Ag from the pptd. vanadate (see Britton, J., 1925, 127, 2956). Britton and Robinson 
(J., 1930, 2328) have shown that addition of Na,VO,aq. to AgNO, aq. results in pptn. of Ag,VQ,. 
This salt is the most insol. of the various silver vanadates and would appear to be the most 
suitable for analytical purposes. 

We have subjected this method to a systematic examination (1) by using various amounts 
of NaOAc alone and (2) by varying both the NaOAc and the NH, concn. The test solutions 
were prepared from Kahlbaum’s NH,VO, (purity 99-99%), and the results are recorded in the 
table given on p. 517. 

It will be seen from the series (1) that the ppt. obtained by using NaOAc alone consisted 
of a mixture of Ag,V,O, and AgVO,, and that the presence of much NaOAc yielded a ppt. 
that was almost entirely Ag,V,O,. Series (2) reveals that in every case the use of NH, led to 
ppts. that were much heavier than would have been obtained if Ag,V,O, alone had been pptd. 
They were, however, not quite heavy enough to correspond to Ag,;VQO,, being as a rule about 
2% low. That they were contaminated with some unconverted Ag,V,O, is evident from the 
slightly low Ag,O contents of ppts. Nos. 11 and 18, which were respectively 78-05 and 78-75% 
(for calc. values, see above). 
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(1) NaOAc without NH,;: V,O, = 0°0869 g. Theo. wts.: AgVO;, 0°1978 g.; Ag,V,O,, 0°3087 g.; 
Ag;VO,, 0°4196 g. 

2 3 4 5 

, 0:06 0°25 0°38 l 

Silver vanadate, g....  0°2197 0°2352 ° 0°2745 0°2796 0 


6 7 
12 5°38 12°8 
*3060 0°3106 0°3176 


(2) NaOAc with NH,;: V,O,; = 0°1046 g. Theo. wts.: AgVO;, 0°2380 g.; Ag,V,O,, 0°3714 g.; 
Ag ;VO,, 0°5048 g. 
10 11 y 13 
14 3°0 , 3°0 
a 0:026 0-01 “€ 0:0187 
Silver vanadate, g.... . 496: 0°4912 0°4899 , 0°4914 
No. 16 17 
3° ‘ 6-0 6:0 
0:0182 0:0274 
0°4888 0°4930 
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132. Researches on Ammines. Part VII. The Action of Acids on 
Dihydroxotetramminocobaltic Hydroxide. 


By HERBERT J. S. KING. 


It was shown in Part V (J., 1932, 1275) that diaquotetramminocobaltic chloride, when 
triturated with moist silver oxide, gave a solution of dihydroxotetramminocobaltic 
hydroxide, [Co(NH;),(OH),JOH, which yielded, with one equivalent of an acid, a solution 
of a dihydroxotetramminocobaltic salt, while with two equivalents, solid hydroxoaquo- 
tetramminocobaltic salts were obtained. 

As it appeared likely that the hydroxide would prove a suitable reagent for the intro- 
duction of acid radicals into the tetramminocobaltic complex, the action upon it of three 
equivalents of acid has now been investigated. To introduce dibasic radicals into the 
complex, a concentrated solution of the hydroxide was treated successively with one 
equivalent of nitric acid and two of the dibasic acid. With sulphuric acid, sulphatoaquo- 
tetramminocobaltic nitrate, [Co(NHg;),(H,O)(SO,)]NO,, was obtained. It was distinguished 
from the isomeric [Co(NH,),(H,O)(NO,)|]SO, by measurement of its electrical conductivity 
at 0°, which was of the order required for a salt of a univalent kation. 

Replacement of sulphuric by oxalic acid yielded oxalatotetramminocobaltic nitrate. 
Similarly malonic acid gave malonatotetramminocobaltic nitrate, and the formule were 
checked in both cases by measurement of the electrical conductivity. Succinic and 
phthalic acids gave syrups which did not solidify, though the intense red colour which 
developed on warming indicated that the radicals had entered the complex. 

Salicylatotetramminocobaltic nitrate, obtained by Morgan and Main Smith (J., 1922, 
121, 1965), could not be prepared by this method, the precipitate consisting of the hexa- 
hydrate of tris(dihydroxotetramminocobaltic)cobaltic nitrate: 4[Co(NH,),(OH),JOH + 
4C,H,(OH)CO,H + 6HNO, = [Co{Co(N H),(OH),}3](NOg) g + 4CgH,(OH)(CO,NH,) + 6H,O. 

The sulphatoaquo- differs from the oxalato- and the malonato-salt in that the bivalent 
acid radical is attached to the cobalt atom by one link instead of two, and the electrical 
conductivity measurements recorded for the two types of salt differ markedly. For 
sulphatoaquotetramminocobaltic nitrate, the »-C'* graph, with A as ordinate, curves 
steeply upwards with diminishing concentration, indicating that progressive hydrolysis to 
the diaquotetramminocobaltic salt occurs. No increase of conductivity on standing was 
detected, so equilibrium was evidently attained rapidly. At a dilution of 512 litres, the 
molecular conductivity of the sulphatoaquo-nitrate was 61% higher than that of the 
oxalato- and 51% higher than that of the malonato-nitrate. The conductivities of the 
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oxalato- and the malonato-salt show little if any indication of hydrolysis, giving rectilinear 
»-C¥8 graphs (see Part II, J., 1925, 127, 2105). 

When the hydroxide was treated with three equivalents of hydrochloric, hydrobromic, 
nitric, or picric acid, the acidoaquotetramminocobaltic salt, [Co(NH,),(H,O)X]X,, was 
obtained in each case. With X = Cl or Br, the anhydrous salts were obtained, and the 
identity of the former was confirmed by converting it into chloroaquotetramminocobaltic 
picrate. With X = NO,, however, the hemi-hydrate was obtained ; this became anhydrous 
when kept over sulphuric acid. Its electrical conductivity at 0° increased on standing. 
Even when measured as rapidly as possible, the values obtained were, at all concentrations, 
much higher than those required for a salt of a bivalent kation, indicating very extensive 
hydrolysis to diaquotetramminocobaltic nitrate. 

Picratoaquotetramminocobaltic picrate was obtained as the tetrahydrate, and was shown 
not to be the diaquo-salt by measurement of its molecular conductivity, which at 25° and 
v = 4096 litres, was 296-2 mhos, 7.e., of the order required for a salt of a bivalent kation, 
and much lower than the expected value for diaquotetramminocobaltic picrate. Werner 
and Miolati (Z. phystkal. Chem., 1893, 12, 42) recorded 417-4 mhos for the molecular con- 
ductivity of diaquotetramminocobaltic bromide at 25° and v = 2,000 litres. 

With three equivalents of hydriodic acid, the hydroxide yielded tris(dihydroxotetrammino- 
cobaltic)cobaltic iodide, [Co{Co(NH,),(OH),}s|I,, instead of the expected iodoaquotetr- 
amminocobaltic salt. 

Ephraim (Ber., 1923, 56, 1538) stated that he obtained iodoaquotetramminocobaltic 
iodide by mixing solutions of diaquotetramminocobaltic chloride and potassium iodide. 
He recorded no analyses, however, and repetition of his experiment yielded the tris(di- 
hydroxotetramminocobaltic)cobaltic salt, so that neither diaquo- nor iodoaquo- 
tetramminocobaltic iodide has yet been obtained. 

These results show that, in cases where the free acid is available, acidification of 
dihydroxotetramminocobaltic hydroxide provides a new method, of fairly general applic- 
ability, for introducing acid radicals into the tetramminocobaltic complex, and the method 
has the advantage that the salts are obtained in analytically pure condition. 


EXPERIMENTAL. 


[Co(NH,),(OH),J]OH was obtained in solution by triturating 4 g. of [Co(NH,),(H,O),)Cl, 
for 4 min. with freshly pptd. moist Ag,O (from 16 g. of AgNO,) at 0°. After filtration, the 
residue was washed with a little ice-cold H,O, so that the vol. of the hydroxide solution did 
not exceed 40c.c. This was particularly necessary in preparing the more easily sol. salts, for, 
although they are insol. in EtOH and Et,O, excess of these reagents does not necessarily ppt. 
them completely (or even at all) if the solution is too dil. For analysis, the salts were washed 
successively with EtOH and Et,O, and left in vac. over soda-lime over-night (picrates were 
washed first with H,O). 

Introduction of Dibasic Radicals —The above amount of hydroxide solution was treated 
successively with 1 equiv. of 2N-HNO, and 2 equiv. of the dibasic acid, the latter if solid being 
shaken with the solution till dissolved. On heating to 60—70°, the red colour was intensified 
considerably. The filtered solution was cooled to 0°, and ice-cold EtOH was added, if necessary, 
till pptn. was complete. Very sol. salts required addition of Et,O also. 

1. With H,SO,, anhyd. sulphatoaquotetramminocobaltic nitrate was obtained, pptn. with 
20 c.c. of EtOH yielding 2-5 g. of hexagonal pink plates (Found: Co, 19-5; NHs3, 22-6; SO,, 
31-3. Calc.: Co, 19-4; NHs, 22-5; SO,, 31:7%). Ephraim and Fliigel (Helv. Chim. Acta, 
1924, 7, 736) prepared the salt indirectly from the sulphate. 

2. From H,C,0,, monohydrated oxalatotetramminocobaltic nitrate crystallised on cooling 
(2-2 g.) (Found: Co, 19-8; NH, 22-8. [Co(NH ,),(C,0,)]NO;,H,O requires Co, 20-0; NHsz, 
23-1%). Jérgensen (Z. anorg. Chem., 1896, 11, 431) prepared the salt by double decomp. from 
the chloride, but gave no analyses. 

3. Crystn. of malonatotetramminocobaltic nitrate, from malonic acid, was completed by 
addition of 150 c.c. of EtOH, yielding 1-5 g. of reddish-violet needles, readily soluble in H,O 
(Found: Co, 18-6; NHsg, 21-5; N, 22-0. [Co(NH,),(C,;H,O,)]NO,,1}H,O requires Co, 18-5; 
NHsg, 21-4; N, 220%). The monohydrate was described by Schramm (Z. anorg. Chem., 1929, 
180, 178) as being sparingly sol. 
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4. When salicylic acid was used, the red solution could not be warmed without decomp. 
On standing for a few mins., it became brown, and hexahydrated tris(dihydroxotetrammino- 
cobaltic)cobaltic nitrate (1-3 g. of grey crystals) was pptd. by 900 c.c. of EtOH and Et,O (Found : 
Co, 23-2; NHs, 19-9; N, 25-0. [Co{Co(NH3),(OH),}3](NO3)¢,6H,O requires Co, 23-1; NHs, 
20-0; N, 24-7%). This salt was also obtained as the trihydrate when conc. 

[Co(NH,),(OH)(H,0)](NO,), aq. 
was kept for a few hr. (Found: Co, 24-2; NHsz, 21-2; N, 25-8. Trihydrate requires Co, 24-4; 
NHsg, 21:1; N, 260%). Jorgensen prepared the anhyd. nitrate by double decomp. from the 
chloride, drying it over H,SO, (Z. anorg. Chem., 1898, 16, 193). 

Introduction of Monobasic Radicals —The same amount of hydroxide as before was treated 
with 3 equiv. of the monobasic acid. The subsequent procedure was the same as for the 
derivatives of dibasic acids. 

1. Anhyd. [Co(NH,),(H,O)CIJCl, (1 g. of violet crystals) was pptd. by 200 c.c. of EtOH 
(Found: Co, 23-4; NH3;, 27-4; Cl, 41-9. Calc.: Co, 23-4; NHg, 27-1; Cl, 42:-3%). The 
compound was previously prepared by Jérgensen by a more complicated process (J. pr. Chem., 
1890, 42, 212). 

Chloroaquotetramminocobaltic picrate was pptd. when 0-5 g. of the chloride was shaken with 
a cold solution of 0-91 g. (2 mols.) of picric acid, converted into the NH, salt in 85 c.c. of H,O 
(1 g. of large brown needles, sparingly sol. in H,O) {Found: Co, 8-7; NHg, 10-3; N, 20-9; Cl, 
5-0. [Co(NH3),(H,O)CI](CgH,O,N3).,2H,O requires Co, 8-8; NHs, 10-1; N, 20-8; Cl, 5-3%}. 

2. From colourless 6N-HBr, anhyd. [Co(NH,),(H,O) Br] Br, was obtained as a finely divided 
violet ppt. (2-1 g.) on addition of 400 c.c. of EtOH and 150 c.c. of Et,0 (Found: Co, 15-2; 
NH;, 17-5; Br, 61-8. Calc.: Co, 15-3; NHs, 17-7; Br, 62-3%) (see Werner and Miolati, Z. 
physikal. Chem., 1893, 12, 44). 

3. Nitratoaquotetramminocobaltic nitrate hemihydrate was pptd. by 400 c.c. of EtOH and 
50 c.c. of Et,O (2-6 g. of small pink plates, readily sol. in H,O) {Found: Co, 17-3; NHs3, 19-8; . 
N, 28-9. [Co(NH3),(H,O)(NO3)](NO3).,3H,O requires Co, 17-3; NH3;, 20-0; N, 28-8%}; when 
kept in vac. over H,SO, for 4 days, it yielded the anhyd. salt (Found: Co, 17-9; NHs, 20-8. 
Calc.: Co, 17-8; NHg3, 206%). Brénsted (Z. physikal. Chem., 1926, 122, 383) investigated the 
reaction of this salt with H,O, but recorded no analyses. Only the nitrate of the series has 
been prepared. 

4. Picratoaquotetramminocobaltic picrate was obtained as a microcryst. orange ppt. (2 g.) 
when the hydroxide was treated with an aq. solution containing 3 equiv. of picric acid at 60° 
{Found : Co, 6-6; NH3;, 7-7; N, 20-0. [Co(NH,),(H,O)(C,H,O,N;)](C,H,O,N;).,4H,O requires 
Co, 6-5; NH3, 7-6; N, 20-2% 

5. The red solution obtained from colourless 5N-HI could not be warmed without decomp. 
After addition of the acid, fairly rapid separation of tris(dihydroxotetramminocobaltic)cobaltic 
iodide trihydrate took place, the compound being collected after 10 min. (1-8 g. of dark brown, 
hexagonal plates, fairly sol. in H,O to a reddish-brown solution). To prepare the analytically 
pure product, the theo. amount of HI was used (2} equiv.) (Found: Co, 17-4; NHs, 15-0; 
I, 55-7. [Co{Co(NHs),4(OH).}3]I,,3H,O requires Co, 17-4; NHsg, 15-1; I, 56-0%). 

When a conc. aq. solution of [Co(NH,),(H,O).]Cl, was treated with KI at room temp., NH, 
was liberated, with separation of brown crystals. The ppt., though very similar to the above, 
was somewhat darker, and the I content was variable. When 3 mols. of KI were used, the ratio 
Co: NH, was 1-16, agreeing with a tris(dihydroxotetramminocobaltic)cobaltic salt, which 
requires * 15, but the number of mols. of I associated with the 4 Co atoms was approx. 7 instead 


of 6 
Electrical Conductivities (See Part V, loc. cit.). 


v is the dilution in mols. per 1., and 4 the mol. conductivity in mhos. The conductivities at 
infinite dilution were obtained by means of the 1/A-(cA)""! graph. The sp. conductivity of 
the H,O was 0-60—0-65 x 10-* mho at 0°. 


64 128 256 512 1024 

» for ONE CDING. .. 56°83 63:10 70°42 78°04 8925 — 

» for [Co(NH,),(C,0, YIN 47°12 49°98 52°34 54:15 55°36 56°79 

° for [(Co(NH,)4(CsH,O iN 45°32 49°93 53°74 56°61 59°13 (62°58) 

»° for [Co(NHs),(H,O)(N NO,) NOD, 140°2 15771 170°4 183°8 1961 210°8 
v 512 1024 2048 4096 
o° for [Co{Co(NH3),4(OH).}3](NOs)¢ «-.----- 280°7 317°4 354°2 392°8 430°6 
.,° for picratoaquotetramminocobaltic picrate — ao — 296°2 
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Measurements with the picrato-picrate at higher concns. were not practicable, owing to its 
low solubility. 

Ionic Mobilities (at 0°).—The value 40-4 being used for the mobility of NO,’, the above data 
give mobilities of 19-1 and 26-0 for the oxalato- and the malonato-tetramminocobaltic ion. 
Although the latter figure is unexpectedly high, yet the former agrees well with the values 18-1 
and 17-9 calc. for the 1 : 2- and the 1 : 6-dinitrotetramminocobaltic ion at 0° (Lamb and Yngve, 
J. Amer. Chem. Soc., 1921, 43, 2362). 


NORTHERN POLYTECHNIC, LONDON, N. 7. [Received, April 13th, 1933.] 





133. Researches on Ammines. Part VIII. Dihydroxotetrammino- 
chromic Hydroxide and its Derivatives. 


By HERBERT J. S. KING. 


CLEVE (J. pr. Chem., 1862, 86, 47), by treating chloroaquotetramminochromic chloride 
with silver oxide, obtained a brownish-violet solution, which soon decomposed with loss of 
ammonia. When, however, suitable precautions are taken in the preparation of this 
solution (see p. 521), it is deep red, and does not lose ammonia while kept at 0°. It is 
strongly alkaline, displacing ammonia from ammonium salts. As it contains no 
chlorine, possible formule for this hydroxide are (1) dihydroxotetramminochromic 
hydroxide, [Cr(NH,),(OH),JOH, (2) hydroxoaquotetramminochromic hydroxide, 
[Cr(NHg),(H,O)(OH)](OH),, or (3) diaquotetramminochromic hydroxide, 
[Cr(NH,),(H,0),](OH)s. 

To distinguish between these, the molecular conductivity at 0° was determined; this 
increased normally until a dilution of 259-2 1. per mol. was reached, giving, on extrapolation 
to zero concentration, a limiting conductivity of 134-8 mhos. This result eliminated 
formule (2) and (3), for, since the mobility of the hydroxyl ion at 0° is 105-0 mhos, the 
hydroxide is necessarily that of a univalent kation, of mobility 134-8—105-0 = 29-8 mhos 
at 0°. Hence the solution contains dihydroxotetramminochromic hydroxide, the cobalt- 
ammine analogue of which was described in Part V (J., 1932, 1275). As with the corre- 
sponding cobaltammines, it was not possible to isolate any solid salts of the dihydroxo- 
tetramminochromic series, but, by treating the hydroxide with one equivalent of hydro- 
chloric acid, a solution of dihydroxotetramminochromic chloride, [Cr(NH,),(OH),|Cl, was 
obtained. Its molecular conductivity was measured at 0°, and was of the order required 
for a salt of a univalent base. Extrapolation of the results gave a limiting molecular 
conductivity of 71-53 mhos, and a mobility for the dihydroxotetramminochromic ion of 
30-4 mhos, at 0°, in close agreement with the value 29-8 derived from the conductivity 
values for the hydroxide. The mobility of the analogous cobaltammine ion at 0° was 
23-0 mhos (Part V, loc. cit.). These results confirm the conclusion that the hydroxide is of 
formula (1), for if it had been hydroxoaquo- or diaquo-tetramminochromic hydroxide, with 
an abnormally low ionisation, the conductivity values obtained, after, addition of the 
hydrochloric acid, would have been much higher than those recorded. 

Treatment of the hydroxide with two equivalents of an acid, or its ammonium salt, 
provided a general method for the preparation of hydroxoaquotetramminochromic salts, 
the nitrate, iodide, oxalate, sulphate, and picrate being thus obtained: [Cr(NH;),(OH).]OH + 
2HX = [Cr(NH,),(H,O)(OH)]X, + H,O. Their identity as hydroxoaquo-salts (rather 
than hydroxoacido-salts, [Cr(NH,),(OH)X]X) was established by determining the electrical 
conductivity of the nitrate, the values obtained being of the order required for a salt of a 
bivalent kation. The mobility of the hydroxoaquotetramminochromic ion is 60-5 mhos 
at 0°; that of the corresponding cobaltammine ion is 60-8 mhos (see Part V, loc. cit.). The 
bromide, sulphate, and dithionate of this series have been obtained previously, by treating 
diaquo- or chloroaquo-tetramminochromic salts with pyridine (Pfeiffer, Ber., 1907, 40, 
3126; Dubsky, J. pr. Chem., 1914, 90, 83). 
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The only chromammine salts hitherto described with a dibasic radical in the complex 
are the oxalatotetramminochromic series. When the hydroxide was treated with one 
equivalent of nitric acid and two of oxalic acid, as for the introduction of dibasic radicals 
into the tetramminocobaltic complex (Part VII, preceding paper), monohydrated oxalato- 
tetramminochromic nitrate, [Cr(NH,),(C,0,)]NO;,H,O, was obtained. The formula was 
checked by conductivity measurements, and by preparing the corresponding picrate by 
double decomposition. However, replacement of oxalic by sulphuric, malonic, or other 
dibasic acid yielded syrups which did not solidify on standing. 

When the hydroxide was treated with three equivalents (or the hydroxoaquo-nitrate 
with one equivalent) of nitric acid, anhydrous mitratoaquotetramminochromic nitrate, 
[(Cr(NH,),4(H,O)(NO5)](NO;),, was obtained. No salts of this series have been described 
previously. The conductivity data obtained for the salt were 24% higher than for hydroxo- 
aquotetramminochromic nitrate, and about 14% lower than for the cobalt analogue (Part 
VII, loc. cit.), at 0° and the same concentrations. Thus the salt was hydrolysed in solution, 
but less extensively than the corresponding cobaltammine, to the diaquotetrammino- 
chromic salt. 

When the hydroxide was treated with three equivalents of picric acid, picratoaquo- 
tetramminochromic picrate trihydrate was obtained. This salt was also precipitated, in 
place of the expected nitratoaquotetramminochromic picrate, when nitratoaquotetrammino- 
chromic nitrate was treated with 2 mols. of ammonium picrate. Its molecular conductivity 
at 25° and v = 4096 was 339-7 mhos, while, for the corresponding cobaltammine, the 
value 296-2 mhos was obtained (Part VII, loc. cit.). Although the chromammine was 
hydrolysed to a greater extent than the cobaltammine, yet this result clearly indicated that 
it was the picratoaquo-, not the diaquo-, tetramminochromic salt. 


EXPERIMENTAL. 


Preparation of Chloroaquotetramminochromic Chloride.—{Cr(NH3),CICl,, obtained by the 
action of liq. NH, on anhyd. CrCl;, was successively converted into aquopentammino- and 
oxalatotetrammino-chromic nitrate, and from the latter the required salt was obtained by the 
method of Benrath and Steinrath (Z. anorg. Chem., 1930, 194, 351). The aq. solution of 
[Cr(NH3),(OH),JOH was prepared by triturating 4 g. of [Cr(NH3),4(H,O)CIJCI, at 0° exactly as 
described in the preceding paper (p. 518). The product was filtered by suction, and passed a 
second time through the residue of Ag,O and AgCl, which was finally washed with a little ice- 
cold H,O. The deep red solution (about 45 c.c.) was now free from Cl, and was kept at about 
0° till used. It did not smell of NH3. 

The salts described below were prepared in each case from this amount of hydroxide solution, 
and were purified for analysis as described for the cobalt salts (p. 518). 

Hydroxoaquotetramminochromic Salts.—Nitrate. The hydroxide was treated with 2 mols. of 
2N-HNO . On gradual addition of 600 c.c. of ice-cold EtOH and 120 c.c. of Et,O, 3-4 g. of 
brownish-rose irregular plates were obtained. The salt was very sol. in H,O, to a slightly alk. 
red solution {Found : Cr, 18-8; NH3;, 24:3; N, 30-0. [Cr(NH3;),(H,O)(OH)](NO,), requires Cr, 
18-6; NH, 24-4; N, 30-1%}. The aq. solution of this salt was much more stable than that of 
the corresponding cobaltammine, no noticeable decomp. occurring at room temp. for several 
hr. After standing over-night, a 15% solution had deposited an amorphous violet solid, con- 
taining 3 mols. of NH, associated with 2 atoms of Cr. 

When the hydroxide was treated with 1 mol. of HNO, no ppt. was obtained on adding a 
large excess of EtOH and Et,O. 

Iodide. The hydroxide was shaken with 2 mols. of NH,I; NH, was liberated, and, on 
addition of ice-cold EtOH, 2-8 g. of red crystals were obtained (Found: Cr, 12-6; NH, 16-7; 
I, 61-7. [Cr(NH3)4(H,O)(OH)}I, requires Cr, 12-7; NH, 16-7; I, 62-1%). 

Oxalate. The hydroxide was shaken with 1 mol. of powdered H,C,O,. This dissolved, and 
on treatment with a little EtOH the filtered solution deposited brownish-red crystals (Found : 
Cr, 21-2; NH3, 27-9. [Cr(NH3)4(H,O)(OH)}]C,O, requires Cr, 21-4; NH, 28-0%). 

Sulphate. When the hydroxide was shaken with 1 mol. of solid (NH,),SO,, NH; was 
evolved, and on gradual addition of cooled EtOH, red crystals formed. The compound was also 
obtained by treating the hydroxide with 1 mol. of H,SO, (Found: Cr, 20-6; NH;, 27:2; SO,, 
38-0. Calc.: Cr, 20°7; NHs, 27-1; SO,, 38-2%). 
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Picrate. When the hydroxide was treated with a cold solution containing 2 mols. of picric 

acid, a yellow acicular ppt. was obtained {Found : Cr, 8-1; NHg, 10-9; N, 23-2. 
[Cr(NH;),(H,O)(OH)](CgH,0,N5)2 
requires Cr, 8-5; NHsg, 11-1; N, 22-9%}. 

When 1 mol. of picric acid was used, the same salt was pptd., leaving a red filtrate which 
gave a further ppt. with picric acid (Found: Cr, 8-3; NH, 11-2%). 

Oxalatotetramminochromic Salts.—Nitrate. The hydroxide was treated with 1 mol. of 2N- 
HNO,, and then shaken with 1 mol. of powdered H,C,0,, which readily dissolved. After being 
heated to 60°, and then rapidly filtered and cooled, the solution deposited reddish-orange crystals 
(1-8 g.) (Found: Cr, 17-8; NH;, 23-8; N, 24-2. Calc. for monohydrate: Cr, 18-0; NHsz, 23-6; 
N, 243%). This is the best method of obtaining the pure salt. The product obtained by the 
action of H,C,O, on aquopentamminochromic nitrate (Werner and Surber, Annalen, 1914, 405, 
220) is only purified by two recrystns., involving much loss. 

Picrate. A cold aq. solution of ammonium picrate (1 mol.) was added to a solution of the 
nitrate, yielding a light-brown cryst. ppt. {Found : Cr, 11-9; NH3, 15-7; N, 22-3. 

[Cr(NH,)4(C,0,)] (CsH,0,N5) 
requires Cr, 11-9; NH3;, 15-6; N, 22-5%}. ‘The filtrate gave no further ppt. with ammonium 
picrate. 

Nilratoaquotetramminochromic nilrate, obtained as a salmon ppt. (1-4 g. of acicular aggregates) 
when the hydroxide at 0° was treated with 3 mols. of 2N-HNO, and 2 1. of cooled EtOH and 
Et,O, was fairly readily sol., giving a red solution {Found: Cr, 16-0; NH3, 21-4; N, 30-1. 
[(Cr(NH3),(H,O)(NO;)}(NO 5). requires Cr, 16-0; NH;, 21-0; N, 30-2%}. A better yield was 
obtained by shaking [Cr(NH,),(H,O)(OH)](NO3), (3 g.) with 1 mol. of 2N-HNO, and 12 c.c. of 
H,O. The filtered solution was treated with 250 c.c. of cooled EtOH and Et,O, giving 2-2 g. 
of the salmon nitrato-salt (Found: Cr, 16-3; NH;, 21-0; N, 29-89%). After being kept for a 
week, the salt had darkened, and smelt of NH;. It was not possible to prepare from it, by 
double decomp., other salts of the nitratoaquotetramminochromic series. A conc. aq. solution 
yielded no ppt. with aq. solutions of NH,I, (NH,4),CrO,, Na,S,O,, or sodium naphthalene-{- 
sulphonate, but with ammonium picrate it yielded a ppt. of picratoaquotetramminochromic 
picrate trihydrate. The solid nitratoaquo-salt was shaken with 2 mols. of ammonium picrate, 
giving an immediate ppt. of large, bright yellow needles {Found : Cr, 5-6; NH3;, 8-0; N, 20:8. 
[(Cr(N H)4(H,O) (CgH,O,N3)](CgH,O,N3)2,3H,O requires Cr, 5-9; NHg;, 7:8; N, 20:8%}. The 
filtrate yielded a further ppt. with ammonium picrate. 

The same salt (3-5 g.) was obtained by treating the hydroxide with a cold solution of 3 mols. 
of picric acid (Found: Cr, 5-8; NH;, 7-9; N, 20-4%). It decomposed at 100°, and at 85° it 
lost, in 8 hr., 3 mols. of H,O and ? mol. of NH3. 


Electrical Conductivities. 


Details of the procedure were given in Part V (loc. cit.); and all other details are as given 
on p. 519 of the preceding paper. Data in parentheses were considered to be affected by 
hydrolysis, and were ignored in calculating A,,. 


Dihydroxotetramminochromic hydroxide, [Cr(NH;),(OH),JOH. 


GH sscececes 31°67 63°34 * 128-0 259°2 512°0 1024 w 
Bap acesicoee 124-2 127°0 128°8 130°2 127-2 123°3 
Ao’ corr.... 1243 127°2 129°2 131-0 (128-7) (126-3) 134°8 (n = 1°50) 


A fresh solution of the hydroxide (approx. 1/32) was prepared for each measurement, 
conductivity water being used. After determination of the concn. in one portion by estimation 
of NH, the rest was diluted to the required concn. with conductivity H,O. A positive water 
correction was applied (Lamb and Yngve, J. Amer. Chem. Soc., 1921, 48, 2354). 


Dihydroxotetramminochromic chloride, [(Cr(NH3),4(OH),]Cl. 
D nencscrcdncenensscacsian 32°13 63°80 128°5 252°6 521°2 a 
Ni spcisgiigiaitilanatiiiis 54:98 58°51 61:80 64°14 (67°56) 71:53 = (n = 1°50) 
An approx. M /32-solution of the hydroxide, prepared and checked as above, was treated with 
the calc. amount of N/10-HCl, and diluted to the required concn. 


Hydroxoaquotetramminochromic nitrate, [Cr(NH ),4(H,O)(OH)](NO,)>. 


D - cassesdes 32 64 128 256 512 1024 a 
Rif cccscsene 101°4 110°3 117°2 123°4 127°5 131-2 141°3 (w = 1°50) 
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Oxalatotetramminochromic nitrate, [Cr(NH3)4(C,O,4)]NO3. 






























 aaiasastetibes 64 128 256 512 1024 x 
Rae MP 55°89 59°36 62°22 64:17 66°54 71:03 (m= 1°50) 
Mot sesspaateistedebiaci 107-2 112-9 117°4 122°5 133°3 


There was no increase of conductivity on standing. At 0° and v = 1024, the conductivity 
remained unchanged for 20 min., with the solution in contact with the electrodes. 


Nitratoaquotetramminochromic nitrate, [(Cr(NH3)4(H,O)(NO3)](NOs)o. 


D  ceciscppnamsgtessseas 32 64 128 256 512 1024 
BaP ese ccninnnevoennicnss 1241 136-0 144°8 152-7 161°7 173-0 


Even at v = 32, A increased slowly on standing, while at v = 1024, an increase of 14% was 
found after the solution had stood for 1 hr. at room temp. . 

Picratoaquotetramminochromic picrate, [Cr(NH3;),4(H,O)(CgH,O,N;)](CgH,O,N;).. v = 4096; 
Aes: = 339-7; even at this low concn., the salt dissolved very slowly, 20 mins.’ shaking 
at 40° being required. 

Ionic Mobilities—Dihydroxotetramminochromic ion. The data for the hydroxide and 
chloride gave mobility 29-8 and 30-4 mhos at 0°. The latter value is adopted. 

Oxalatotetramminochromic and hydroxoaquotetramminochromic ions. At 0° the data give 
mobilities 30-6 and 60-5 mhos. 

The values employed for the mobilities of the anions are: NO,’, 40-4; Cl’, 41:1; OH’, 
105-0 mhos. 


NORTHERN POLYTECHNIC, LONDON, N. 7. [Received, April 20th, 1933.] 





134. Influence of Poles and Polar Linkings on the Course pursued by : 
Elimination Reactions. Part XV. Dynamics of the Elimination 
of Olefins from Quaternary Ammonium Compounds. 


By E. D. HuGues and C. K. INGOLD. 


THE work now reported appears to constitute the first direct dynamical investigation of 
this reaction. We show that decomposition may follow either of two modes, characterised 
as unimolecular and bimolecular respectively. 

The examples described, which are of the form 


{R-CH,*CH,*NMe,}"X’ —> R-CH:CH, + NMe, + HX, 


were selected to fulfil certain theoretical conditions (following paper), and also the obvious 
practical requirements of convenient speed, analytical feasibility, and the absence of side 
reactions. Except where otherwise noted, the solvent was water and the temperature 100°. 

The decomposition of §-phenylethyltrimethylammonium hydroxide (R = C,H;; 
X = OH) was bimolecular, as shown by the form of the reaction-time curves and the 
inverse proportionality between the time of half-destruction of the ammonium compound 
and its initial concentration. Further, by observing the effect on speed of the introduction 
of extraneous hydroxide, it was shown that the bimolecular character of the reaction arises 
from first-order dependence on each of the participating ions. 

The decomposition of §-p-nitrophenylethyltrimethylammonium iodide (R = C,H,°NO,; 
X = I) was proved by the reaction-time relation to be unimolecular, and this was confirmed 
by the observation that the half-change period of the ammonium compound is independent 
of its initial concentration. The addition of extraneous iodide showed that the reaction 
was of order zero with respect to this ion, and therefore of order unity with respect to the 
ammonium cation. Unimolecular decomposition was also established in the case of 
8-p-nitrophenylethyltrimethylammonium bromide (R = C,H,NO,; X = Br), and the 
circumstance that the velocity coefficient was identical with that obtained for the iodide 
under the same conditions is consistent with the conclusion that the reactions of these salts 
are of order zero with respect to their anions, These decompositions are retarded by acids, 
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unaffected by neutral salts, and accelerated by alkalis; their dependence on the solvent is 
indicated by the retardation observed when water as medium was replaced by aqueous 
n-propyl alcohol. 

The interpretation of these observations is considered in Part XVI (following paper). 


EXPERIMENTAL. 


Preliminary Observations.—The kinetics of the decomp. of {NEt,}"OH’ could not be studied 
in ordinary glass apparatus because, at the temps. required for a convenient speed of reaction, 
the vessels were attacked and the decomp. was therefore in part that of an ammonium silicate. 
Of other quaternary ammonium hydroxides known to decompose quant. in the direction leading 
to an olefin, 8-phenylethyltrimethylammonium hydroxide appeared to be the simplest that had 
not the disadvantage indicated. 

8-Phenylethylirimethylammonium Hydroxide.—The iodide, m. p. ca. 225° (decomp.) (Found : 
C, 45-2; H, 63; N, 4-5; 1, 43-0. Calc.: C, 45-3; H, 6-2; N, 4-8; I, 43-6%), was prepared by 
complete methylation of NH,°CH,°CH,Ph with Mel, a modification of Decker and Becker's 
process (Ber., 1912, 45, 2404). 

The hydroxide soln., prep. by means of CO,’’-free Ag,O, was made up to a known vol. and 
standardised acidimetrically. Portions of 5-00 c.c. were separated, enclosed in sealed tubes, 
and heated at 100° for various periods; the tubes were then quickly cooled and opened. The 
styrene extracted with CHCl, and washed with H,O and dil. H,SO, was estimated by the addn. 
of standard Br, in CHC], soln. and subsequent iodometric determination of the excess of halogen. 
The results are in Table I, in which time, ¢, is given in mins.; absorbed Br, is recorded in terms 
of c.c. of 0-1N-Na,S,O0;; * is the concn. of the products, and , is the bimol. const. #/ta(a — x). 





TABLE I. 
t. Abs. Bry. x. Ry. t. Abs. Bry. x. Re. 
(es Ee, i 
(a=0°330) (a=0°318) (a=0°165) (a=0°158) 
(Initl. concn. hydroxide = 0°330N) (Initl. concn. hydroxide = 0°165N) 
10 3°50 0°0350 0°0359 0°0389 40 3°05 0°0305 0°0344 0°0379 
20 6°30 0:0630 0°0355 0°0389 90 5°50 0°0550 0°0337 0°0376 
40 10°60 0°1060 0°0358 0°0393 150 7°50 0:0750 0°0337 0°0382 
60 13°70 0°1370 0:0358 0:0397 210 8°85 0°0885 0°0334 0°0384 
90 16°85 0°1685 0°0351 0°0394 300 10°30 0°1030 0°0336 0°0395 
120 19°15 0°1915 0°0349 0:0398 wo 15°80 0°1580 —- — 


180 21-90 0°2190 0°0332 0°0385 
240 23°75 0°2375 0:0324 0°0387 

300 25°15 0°2515 0°0324 0°0397 
co 31°80 0°3180 — — 


A minor complication arose through the partial polymerisation of styrene under the influence 
of the alkali, and owing to this cause there is a 4% discrepancy between the value of a determined 
acidimetrically, and what should be its equivalent, viz., the final value of x measured bromo- 
metrically (polymerised styrene does not absorb Br under the conditions used). In Table I 
the bimol. const. k, is calculated from both the acidimetric and the bromometric value of a. 
The two sets differ slightly, and in the expected sense, since the error caused by polymerisation 
must be negative in the former set and positive in the latter. The small downward drift with 
time shown by the set dependent on the acidimetric value of a is also to be expected. 

The expts. with the 0-330N-hydroxide solution show the time of half-destruction to be 86 
min. In the second series of expts., with 0-165N-hydroxide, the corresponding time is 175 min. 
(calc. for bimol. reaction, 172 min.). 

A value of k, which should be free from the error caused by polymerisation may be obtained 
by extrapolating to zero time the consts. calc. from the acidimetric value of a. The first series 
of expts. (a = 0-330) then gives k, = 0-036, and the second series (a = 0-165) gives k, = 0-035. 

More extensive polymerisation was experienced in expts. in which a considerable concn. of 
KOH was added to the hydroxide soln. beforedecomp. The bimol. velocity coeffs., k,’, showa 
large downward drift with time (Table II), but the value obtained by extrapolation to zero time, 
k,’ = 0-037, is substantially identical with the above values of k,. 

The product of such an expt. on extraction with CHCl, yielded the polymerised styrene as 
an amorphous gum having no action on Br, in CHCl, at room temp. 

8-p-Nitrophenylethylirimethylammonium Salts—Excess of Mel was cautiously added to an 
EtOH soln. of B-p-nitrophenylethylamine in the presence of suspended Na,CO,. The reaction, 
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TABLE II. 
Initial concn. of quaternary ammonium hydroxide = 0°160N. 
Concn. with respect to added potassium PA = 0°240N. 
a = Initial concn. with respect to hydroxide ion = 0°400. 
b= » o - 2 », ammonium ion = 0°160. 
ky’ = 2°303/t(a — b) . logy b(a — *) /a(b — *). 
t. Abs. Bry. #. k,’. t. Abs. Bry. #. ky’. 
10 2-00 0-0200 0-0343 120 10°50 071050 0:0264 
30 4:70 0-0470 0:0309 150 11°50 071150 0:0258 
60 7°30 0:0730 0-0283 180 12°25 071225 0°0255 
90 9°10 0°0910 0:0270 210 13-00 0-1300 0:0253 


which took place with evolution of heat, was completed on the water-bath, and the salts were 
completely pptd. with dry Et,O and collected. The carbonates were neutralised with HI, and 
the quaternary ammonium iodide which separated was collected, washed with acetone and 
Et,O, and crystallised from EtOH. It formed feathery, lemon-yellow leaflets, m. p. 199° 
(decomp.), insol. in most non-hydroxylic solvents, moderately sol. in H,O, EtOH, and hot 
acetone, but much more sol. in aq. acetone than in either solvent alone (Found: C, 39-4; 
H, 5-1; N, 8-0; I, 37-7. C,,H,,O,N,I requires C, 39-3; H, 5-1; N, 8-3; I, 37-8%). The 
picrate, needles, m. p. 147° (decomp.), sparingly sol. in H,O but sol. in EtOH and acetone, was 
crystallised from aq. EtOH (Found: C, 46-7; H, 4:3; N, 15:7. C,,H,,0O,N, requires C, 46-7; 
H, 4:3; N, 16-0%). Owing to the instability of the hydroxide solution, the bromide was pre- 
pared via the carbonate. The iodide in cold aq. suspension was shaken for a few min. with excess 
of Ag,CO;, and the soln. was filtered, tested for I’ (negative), made faintly acid with HBr, 
and evaporated to dryness. The bromide was washed well with cold EtOH, Et,O, and acetone, 
and crystallised once from EtOH-acetone and once from C;H,,‘OH, and thus obtained as small 
colourless (contrast iodide) needles, m. p. 222° (decomp.), extremely sol. in H,O. 

A study of the decomp. of aq. solns. of the hydroxide at room temp., and of the iodide at . 
100°, showed that the products in the former case were NMe, (Found for hydrobromide: Br, 
57-0. Calc.: Br, 57-1%) and p-nitrostyrene (m. p. and mixed m. p. of dibromide), and in the 
latter case NMe,;,HI (Found for methiodide: I, 63-1. Calc.: I, 63-2%), p-nitrostyrene, and 
(largely) a polymeride of p-nitrostyrene. The last substance, originally isolated as a glassy solid, 
became microcryst. on digestion with acetone; it was washed with hot H,O, acetone, and CHC], 
[Found : C, 64-0; H, 4:8; N, 9-0. (C,H,O,N), requires C, 64-4; H, 4:7; N, 9-4%]. 

Weighed portions of the iodide or bromide were separately enclosed in sealed tubes each with 
5-00 c.c. of H,O. The tubes were heated at 100° for known periods, cooled, and opened, and the 
iodides extracted with warm H,O. The quaternary ammonium salt was then pptd. and weighed 
as its sparingly sol. picrate. The results are in Table III, ¢ being in hrs., x being the concn. of the 
products, and k, = 2-303/t . log, a/(a — x). 


TABLE III. 
Wt. Decompn., Wt. Decompn., 
t.  picrate, g. 7. #. k, (hr.-). t. —_ picrate, g. %. %. k, (hr.-). 
Salt decomp. : iodide; Salt decomp. : iodide; 
initl. concn. = 0°300M = a. initl. concn. = 0°300M = a. 
2 0°485 25°4 0-076 0°146 Substance added : NMe,,HI; concn. = 0°53M. 
4 0°372 42°8 0°128 0-139 4 0°364 44:0 0°132 0°145 
5 0°323 50°3 0151 0°140 8 0°191 70°6 0°212 0°153 
6 0°269 58°6 0°176 0°147 * tities 
p. pee oa pe pee Substance added: NMe,I; concn. = 030M. 
wae 3 0-425 34°6 0104 = "142 
Salt decomp. : iodide; 9 0-176 72°9 0-219 0°145 
initl. concn. = 0°600M = a. Salt decomp. : bromide; 
5 0°652 49°8 0-299 0138 initl. concn. = 0°300M = a. 
10 0°276 78°8 0°473 0°155 2 0°492 24°3 0:073 0°139 
6 0°264 59°4 0°178 0°150 


The first two series of measurements show that the unimol. velocity coeff. for the iodide is 
0-145. When a = 0-300, the decompn. after 5 hr. is 50-3%, and when a = 0-600 the decompn. 
after the same time is 49-8%, so that the period of half-destruction of the ammonium iodide is 
evidently independent of its initial concn. The third and fourth series show that the velocity is 
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affected neither by NMe,,HI (a product of the reaction) nor by NMe,I. The last series shows 
that the bromide decomposes at the same rate as the iodide. These results are supplemented 
by qual. observations, which show that the speed of decomposition of the iodide is greatly 
reduced by acids (e.g., 0-5N-HCl) and greatly increased by bases (e.g., 0-1N-NMe, or OH’ 
derived from Ag,O). The effect of replacing H,O by aq. Pr*OH as solvent is to reduce the speed 
of the change as indicated below : 


Temp. 100°. Initial concn. of iodide = 0°300N. 


Proportion of Pr*OH in medium, % by vol............. 0 70 90 
Time of half-change, hours ...........ceccscccccccccsccseees 50 18 29 
UNIVERSITY COLLEGE, LONDON. [Received, March 29th, 1933.] 





135. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XVI. Mechanism of the Thermal 
Decomposition of Quaternary Ammonium Compounds. 


By E. D. Hucues, C. K. INGoip, and C. S. PATEL. 


ALTHOUGH the general theory of the two main modes of decomposition of quaternary 
ammonium compounds 


{RIR°CH-CR®R“NR’R’R}X —> RIR°CICR®R! + NR’R"R” + HX . (A) 
(R‘NR’R"R}X —> RX +NR’R"R” 2 2... B) 


has not been treated in this series since the appearance of Part I (Hanhart and Ingold, 
J., 1927, 997), yet the point of view underlying the more recently recorded experiments 
has developed appreciably in the meantime. 

Reaction (A).—The conception of reaction (A) advanced in Part I may be symbolised 
as follows : 


@ 
RIC) cRIRt_SNRR'R” —> R'R°C:CR®R! + NR’R”’R’”’ + HX (A2) 


The equation depicts, first, predisposition towards reaction arising from the incipient 
ionisation of the B-hydrogen atom induced by the electron-attraction of the ammonium 
pole; and, secondly, the actual process whereby the @-proton is extracted by the anion 
with the assistance of octet-preserving displacements of electron-duplets towards the pole 
of the cation. Wide variations in the structure of the ammonium compound have been 
shown to affect the reaction in the manner demanded by this mechanism. 

The above description requires that reaction (A) be of the first order with respect to 
each of the participating ions and therefore of the second order with respect to the 
ammonium compound. The numerical part of the description (A2) is intended to symbolise 
this dynamical character (vide infra). 

In Part XV (preceding paper) it is shown that the dynamics of the decomposition of 
6-phenylethyltrimethylammonium hydroxide (reaction A) conform to the requirements of 
mechanism (A2); and we regard this demonstration as indirect evidence that second-order 
dynamics govern the decomposition (reaction A) of all ammonium compounds in which the 
incipient ionisation of the 8-hydrogen atom is not greater, and the basicity (proton-affinity) 
of the anion is not less, than in 8-phenylethyltrimethylammonium hydroxide. For example, 
the formation of any purely aliphatic mono-olefin from a quaternary ammonium hydroxide 
or alkoxide (Part XII, this vol., p. 68) may be considered to proceed according to 
mechanism (A2). 

Starting from any of the ammonium compounds referred to in the last paragraph, we 
now imagine progressive changes of structure which (a) increase the hydrogen-polarisation 
in the cation, and (b) decrease the proton-affinity of the anion. Evidently a state will 
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ultimately be reached in which the anion (a) is not required, and (d) is structurally unable, 
to assist effectively in the extraction of the B-proton. In these circumstances reaction (A) 
must be a two-stage process such that the cation and anion are concerned in separate 
stages : 

H 


I~ (Xe J ® 
RIR?C——CR°R4—NR’R”’R””’ = R'R°C-CR®R4 + NR’R’R™ + Heoivatea ) (Al) 
@ solvent 
X + + Fe soit HX -+ solvent j 
Thus we are led to envisage a second mechanism, here designated (Al), which is of first order 
with respect to the cation, of zero order with respect to the anion, and thus of order unity 
with respect to the ammonium compound. 

Examples illustrating this mechanism are given in Part XV (loc. cit.). Starting from 
8-phenylethyltrimethylammonium hydroxide, the hydrogen-polarisation in the cation is 
increased by the introduction of a nitro-group and the basicity of the anion is decreased 
by replacing it by a halide ion. The decompositions (reaction A) of the resulting 8-p-nitro- 
phenylethyltrimethylammonium bromide and iodide were each found to be unimolecular 
with respect to the appropriate salt, and both salts gave the same velocity coefficient. 

In relation to these examples, the first stage of mechanism (Al) may require sub- 
division by the introduction of a hypothetical, and presumably unstable, intermediate 
betaine; the ammonium cation would then be regarded as a definite acid of which the 
betaine is the conjugate base and the immediate precursor of the olefin : 

@® 
R'R°CH-CR9R“NR’R’R” == RIR°C-CR9R“NR’R’R” + Heoivated 
i) 

RIRC—-CRIRtNR'R'R” — > R'R°C:CR®R* + NR’R”R”’ ; 
If-k, and k, are velocity coefficients representing respectively the rate of dissociation and 
of formation of the acid, whilst k, similarly specifies the speed of fission of the base, then 
the experimental unimolecular coefficient, k, has the form, k,k3/(ka[H*] + 3). A definite 
dependence of & on [H"*] has been observed and its direction is consistent with the formula 
given. This is the reason for the suggested sub-division, which, however, is not regarded 
as necessarily a general feature of mechanism (A1). 

Thus the original conception of reaction (A), represented in mechanism (A2), is now 
generalised by the contemplation of a graded range of mechanisms, (A2)—(A1), of which the 
extremes have been illustrated. 

Reaction (B).—In the representation of this reaction advanced in Part I (loc. cit.) two 
stages are distinguished : it is assumed that the cation suffers fission without the direct 
intervention of the anion, which only subsequently unites with the ejected radical : 

(Ye & 
R—NR’R”R’” ——}> R + NR’R”R’””’ 

a. s , (Bl) 

R+ xX — RX 
This mechanism, designated (B1), represents a reaction which is of first order with respect 
to the cation, of zero order with respect to the anion, and therefore of first order with 
respect to the ammonium compound. It has afforded a consistent explanation of many 
phenomena, but recent investigation, both by von Braun and his collaborators and 
by ourselves, has revealed four difficulties in its general application. 

First, von Braun ef al., studying the decomposition of trimethyl-n-decylammonium 
hydroxide in dilute solution at constant volume, found that the ratio of the quantities of 
methyl alcohol and decylene eliminated in the same experiment did not depend on the initial 
concentration of the ammonium hydroxide (Aunalen, 1929, 472, 121; cf. Ber., 1931, 64, 
2610). This result shows that reactions (A) and (B) are, in this instance, of the same order, 
but it does not determine the order. We combine it, however, with our dynamical study 
of reaction (A) (Part XV, loc. cit.), which, as the previous section shows, requires the 
elimination of decylene to be bimolecular. It follows that the elimination of methyl 
alcohol is bimolecular, contrary to the reaction order required by mechanism (B1). 
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Secondly, an investigation into the decomposition of benzhydryltrimethylammonium 
hydroxide in dilute solution at constant volume has shown (Part XIII, this vol., p. 69) that 
the ratio of the quantities of benzhydrol and methyl alcohol eliminated in the same experi- 
ment is strongly dependent on the initial concentration of the ammonium hydroxide. The 
ratio is also changed by the initial addition of extraneous hydroxide ions. Both results are 
indicative of the existence of simultaneous reactions of different orders, and a satisfactory 
interpretation was found to follow from the assumption that the elimination of benzhydrol 
and methyl alcohol are reactions of the first and second order respectively. Once 
again the elimination of methyl alcohol exhibits dynamics contrary to the demands of 
mechanism (Bl). 

The third difficulty is that, although until recently all the available observations con- 
cerning the relative facility with which those groups which cannot appear as an olefin 
become eliminated as alcohols from quaternary ammonium hydroxides were consistent 
(Part I, loc. cit.) with mechanism (B1), yet one clear case contrary to this mechanism has 
been observed (Part XI, this vol., p. 67) in the exclusive formation of methyl alcohol and 
the complementary amine from trimethylmeopentylammonium hydroxide ; for mechanism 
(Bl) requires that the group with the greater tendency to separate as a cation should 
preferentially be eliminated as alcohol, and evidently electron-release from the ¢ert.-buty] 
portion of the neopenty]l radical should facilitate the formation of the corresponding cation, 
wherefore neopentyl alcohol rather than methyl alcohol should have been eliminated. 

The fourth and last point has reference to the widely observed phenomenon that, when 
the decomposition of an ammonium salt with a feebly basic anion (e.g., a chloride) is com- 
pared with that of a corresponding compound having the same cation but a much more 
strongly basic anion (e.g., the hydroxide), reaction (A) assumes considerably greater relative 
importance in the latter case. This is consistent with the operation of the combination of 
mechanisms (A2) and (B1) (cf. Part I, loc. cit.), and whilst the hydroxide ion remained the 
most basic of those investigated in this connexion no difficulty with this interpretation 
arose. But an extension of the comparison by the inclusion of alkoxide ions (Part XII, 
this vol., p. 68) has revealed that the suppression of reaction (B) in favour of (A) does not 
continue when the basicity of the anion is increased beyond that of the hydroxide ion. 
This effect cannot be ascribed to the operation, over the extension in the range of anions, 
of the combination of mechanisms (Al) and (B1), for it will be clear from the preceding 
section that any increase in the basicity of the anion must tend to strengthen the retention 
of mechanism (A2). The effect referred to must therefore be attributed to some failure 
of mechanism (Bl). 

Commencing with any case to which mechanism (Bl) applies, let us imagine changes 
of structure which (a) decrease the cationic stability of the eliminated group, and (b) 
increase the basicity, or, more generally, the nucleophilic tendencies, of the anion. Eventu- 
ally a state must be reached in which the intervention of the anion (a) is necessary for, and 
(b) is effective in, the elimination of the group. The process will now occur in one stage as 
in the scheme : 


ef \ Lo 
{R’R”’R’’N—R}X —> R’R”R’"N+RX . . . .. (B2) 


According to this mechanism reaction (B) is of the first order with respect to each ion, and 
hence bimolecular with respect to the ammonium compound, wherefore the mechanism 
receives the designation (B2). Thus arises the possibility of a generalisation of the 
mechanistic theory on the lines already illustrated in relation to reaction (A). 

Before pursuing this conception, it is necessary to refer to the alternative suggestion by 
von Braun e? al. (loc. cit.) that reaction (B) is a decomposition of the un-ionised ammonium 
hydroxide molecule : 


{RR'R"R’’NJOH == RR’R’R’’N-OH —> ROH + R'R’R'’N . (BB) 


Two series of special experiments, relating to the decomposition of trimethyl-n-decyl- 
ammonium hydroxide, were held to support this view. First, it was found that the addition 
of glycerol to the ammonium hydroxide decreased the proportion of decylene formed and 
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thus augmented the proportion of methyl alcohol; and it was argued that the glycerol, by 
repressing the ionisation of the ammonium hydroxide, should favour the molecular reaction 
(B) at the expense of the ionic reaction (A), though possible disturbance through the 
formation of ammonium glyceroxides was admitted. Secondly, it was observed that the 
addition of potassium hydroxide increased the proportion of decylene and decreased that 
of methyl alcohol; and the argument on this point was that, although extraneous hydroxide 
ions, by repressing ionisation, must facilitate reaction (B), yet, because the concentration of 
the molecular ammonium hydroxide is in any circumstances small, therefore this effect 
must be small in comparison with the direct, accelerative effect of the added hydroxide ions 
on the ionic reaction (A). 

We accept Sidgwick’s principle whereby the formation of an un-ionised quaternary 
ammonium hydroxide is impossible, and accordingly regard all decompositions of 
ammonium compounds as exclusively ionic. Concerning the effect of added glycerol, we 
concur in the suggestion relating to the formation of glyceroxides. Regarding the effect 
of added potassium hydroxide we would remark, first, that the argument based on this 
effect is contrary to the mass law, and secondly, that von Braun and his co-workers them- 
selves have shown that in aqueous solution reactions (A) and (B) are equally affected by 
hydroxide ions. Furthermore, we imagine that the un-ionised molecule is expected to be 
more plentiful in the fused ammonium hydroxide than in dilute aqueous solution; where- 
fore, according to scheme (B’), the proportion of reaction (B) might be expected to be 
greater in the former case, contrary to the observations. The foregoing comments will 
not obscure the circumstance that von Braun’s scheme (B’) requires the same reaction order 
as our scheme (B2). 

Returning to the consideration of mechanism (B2), we first observe that, in each of the 
cases in which the application of scheme (B1) has led to inconsistencies, the ad hoc intro- 
duction of its alternative (B2) would interpret the observations. It provides the dynamics 
which are required in relation to the elimination of methyl alcohol. It accords with 
reaction inhibition by electron release, and thus interprets the case of the meopentyl group 
(Me,C—-> CH,.), since polarisation in this direction must oppose the address of the anion. 
Also, mechanism (B2), like (A2), depends on the basicity of the anion, and this circumstance 
accommodates the observed absence of any marked change in the direction of decomposition 
on replacing the hydroxide ion by the more basic alkoxide ion. 

On the other hand, it is equally evident that no general application of mechanism (B2) 
is possible ; for the reasons which led originally to the proposal of mechanism (B1) still hold, 
and in addition we now have direct evidence for unimolecular dynamics in the elimination 
of benzhydrol, and indirect evidence for the same mechanism in the case of the elimination 
of triphenylcarbinol (Hughes, Part XIV, this vol., p. 75). Both mechanisms must be 
envisaged [this was done in Part I, but (B2) was not regarded as important]. 

The circumstances which theoretically should determine the replacement of one of these 


® 9 
mechanisms by the other are clear. In the molecule {RR’R’’R’’’N}X, if either (a) the 
8 


cationic stability of R is progressively increased, or (b) the basicity of X is progressively 
decreased, then a stage should be reached at which mechanism (B2) becomes superseded 
by (Bl). It remains to show that this theoretical relation corresponds to known experi- 
mental data. 

The effect of changes of type (a) in the cation may be illustrated first by reference to 
alkyl groups. Concerning the series CH,*, AIkCH,*, Alk,CH:, Alk,C-, it is known that 
methyl and ¢ert.-butyl groups are readily eliminated as alcohols from quaternary ammonium 
hydroxides, whilst primary and secondary alkyl groups are not (cf. Parts I and XI, locc. cit.) ; 
thus the property of facile elimination in the form of alcohol passes through a minimum in 
the series considered. 

The circumstance may be interpreted as follows. From left to right in the series the 
inductive effect of the alkyl components produces a progressive increase of electron density 
at the point of attachment of the whole group. This electron density is lowest in the methyl 
group and it is consistent that this group suffers elimination by mechanisn (B2). As 
explained in connexion with the neopentyl group, the first effect of the introduction of 
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alkyl components in place of hydrogen is to suppress reactivity by mechanism (B2), and, 
apparently, one alkyl substituent is sufficient to render it immeasurably small. Mechanism 
(Bl), however, as is evident from its nature, must be facilitated by alkyl substitution, so 
that at some stage in the series reactivity by this alternative mechanism should rise to an 
appreciable value; and once this mechanism takes control of the decomposition, further 
alkyl substitution must enhance reactivity. This explains the minimum occurring in the 
series, and we expect similar conditions to apply in analogous substitution reactions such 
as the alkaline hydrolysis and alcoholysis of alkyl halides. 

The corresponding theory of the aralphyl series CH,*, ArCH,°, Ar,CH’, Ar,C- is different 
because the polar effect of the phenyl substituent is electromeric and duplex, and this group 
thus adjusts itself to the requirements of the system. In mechanism (B2) it is difficult to 
state what those requirements are, since at the moment of reaction the aromatic electrons 
are simultaneously under the opposing influences of the ammonium pole and the attracted 
anion. In mechanism (Bl), however, an integral cationic charge requires dispersal, and 
accordingly electron release from the aryl groups must be maximal. Hence in reaction by 
mechanism (B2) progressive substitution by aryl groups is expected to produce compara- 
tively small effects (in either direction), but in reaction by mechanism (B1) each additional 
aryl group should greatly enhance reactivity. Thus, this series also should contain a point 
at which mechanism (Bl) supplants (B2). The point of supersession need not, however, 
be associated with minimal reactivity, but it should have the property that the portion of 
the series to its left should show slight (possibly irregular) effects, and that to its right a 
large enhancing effect, of the aryl groups on reactivity. 

In the series, CH3, CH,Ph, CHPh,, CPhg, observations are available (cf. Parts XIII and 
XIV, locc. cit.), and the preceding statement faithfully describes them. The point of super- 
session occurs at CHPhg, and, independently of the indication provided by the observed 
differences of reactivity, the alteration of mechanism is clearly established by dynamical 
evidence. The expectation that similar conditions will prevail for other aliphatic substitu- 
tions such as the alkaline alcoholysis or hydrolysis of corresponding halides is supported by 
the observation (Ward, J., 1927, 2285) of a change from second- to first-order dynamics in 
this reaction on passing from a benzyl to benzhydryl chloride. 

Effects of type (b) to be expected from changes in the anion may be illustrated by means 
of a series such as OEt’, OH’, OPh’, OAc’, Cl’, the order being that of decreasing basicity. 
In general, there will be a point such that, to its left mechanism (B2), and to its right 
mechanism (Bl), controls reaction (B). Assuming that a simultaneous reaction (A) is 
controlled by mechanism (A2) throughout, then to the left of the point of mechanistic 
replacement both reactions (A) and (B) are similarly dependent on the anion, changes in 
which will not much alter the direction of decomposition, whilst to the right of the same 
point reaction (A) alone will depend on the anion, a decrease in the basicity of which should 
therefore favour reaction (B). The above will be recognised as a description of the corre- 
sponding observations (cf. Parts I and XII), which formerly could not be reconciled. 

When the various series can be more fully filled in, what has been described as a 
“ point ’”’ of mechanistic change will probably appear as a region, and thus, just as with 
reaction (A), we now generalise the original conception of reaction (B) by the contemplation 
of a range of mechanisms, (B1)—(B2), both extremes of which have been experimentally 
exemplified. Most aliphatic substitutions can with advantage be regarded analogously, 
and the lines along which this further generalisation would proceed will become evident on 
comparing the foregoing with a previous discussion of aliphatic substitutions in the side 
chains of aromatic compounds (Ingold and Rothstein, J., 1928, 1217; cf. Ingold and Patel, 

J. Indian Chem. Soc., 1930, 7, 95). 


UNIVERSITY COLLEGE, LONDON. [Received, March 29th, 1933.] 
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186. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XVII. Thermal Decomposition of 
Phosphonium Ethoxides. 


By L. Hey and C. K. INGOoLD. 


It has been shown that quaternary phosphonium hydroxides may decompose in two 
directions, to give either a paraffin and a phosphine oxide or an olefin and a phosphine 
(Part V, J., 1929, 2342). When the alkyl group eliminated is devoid of a 8-hydrogen atom 
(methyl), paraffinic degradation is naturally the sole reaction. When a $-hydrogen atom 
is present, but is not internally activated by adjacent electron-releasing groups (ethy]), 
the paraffin reaction is still the exclusive mode of decomposition. When, however, the 
hydrogen atom is activated by a single adjacent phenyl group (8-phenylethyl), olefinic 
degradation becomes appreciable, and when two such activating groups are present 
(66-diphenylethyl) the olefin reaction predominates. 

The decomposition of phosphonium alkoxides has not previously been investigated. 
We thought that, since the paraffin reaction of hydroxides involves the separation of the 
constituents of the hydroxide ion, the replacement of this ion by an alkoxide ion might cause 
a more extensive supersession of the paraffin by the olefin reaction than is displayed by the 
results summarised above. There was also a possibility of the formation of ethers by 
analogy with the corresponding reaction of ammonium alkoxides (Part XV, this vol., p. 523). 

We have studied four examples, in which the groups eliminated are those to which 
reference was made in the first paragraph. Tetramethylphosphonium ethoxide passed 
smoothly into propane and trimethylphosphine oxide ; no ether, no phosphine, and naturally 
no olefin, was formed. Similarly tetraethylphosphonium ethoxide gave u-butane and. 
triethylphosphine oxide, but no ethylene or triethylphosphine. From 6-phenylethyl- 
triethylphosphonium ethoxide the main products were n-butylbenzene and triethyl- 
phosphine oxide, whilst styrene and triethylphosphine were formed in small amount. 
Finally, $$-diphenylethyltriethylphosphonium ethoxide gave aa-diphenyl-n-butane and 
triethylphosphine oxide in small proportion only, the main products being as.-diphenyl- 
ethylene and triethylphosphine. The following table summarises these results, together 
with those relating to the corresponding phosphonium hydroxides : 








{RR’,P}®OH®. Olefin Paraffin {RR’;P}®OX9. Olefin Paraffin 
A (R — Hg), (R+ Xa), - — _ (R — Hg), (R + Xa), 
R. R’. %>- %- R. R’. OX. %- %- 
CH;: Me 0 100 CH; Me OEt 0 100 
CH,’CH,: Et 0 100 CH,°CH,: Et OEt 0 100 
CH,Ph-CH,: Et 5 95 CH,Ph:CH,: Et OEt 10 90 
CHPh,°CH,: But 90 10 CHPh,°CH,: Et OEt 95 5 


Two conclusions may be drawn with regard to the mechanism of the paraffinic degrad- 
ation of phosphonium compounds. 

(1) In Part V the hypothesis was advanced that the paraffin reaction of phosphonium 
hydroxides depends on the formation of compounds containing quinquecovalent phosphorus, 
and the complete process was formulated as follows : 

(8) (10) (10) (8) (8) 
{R,P}®OH? —> R,P-OH —> R,PO® + H® —> R,PO + R®° + H® —> R,PO + RH 
It is still possible that this is wholly correct for hydroxides, but since alkoxides undergo the 
same reaction, the postulated ionic dissociation of the quinquecovalent phosphorus complex 
cannot be thought of as an essential step without which the reaction cannot proceed, and 
the simpler formulation, 


(10) 
{R,P}?OX° —> R,P-OX —> R,PO + RX, 


the adoption of which is necessary for the reaction of alkoxides, is also a possible variant 
of the mechanism. 
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(2) The remarkably close similarity between the results obtained with hydroxides and 
with ethoxides shows that, whatever may be the effect of the replacement of the hydroxide 
ion by the ethoxide ion on the olefin reaction, there is also a closely parallel effect on the 
paraffin reaction. But the facility of the olefin reaction is fundamentally dependent on the 
basicity of the attacking anion (Part I, J., 1927, 997), and it is known that the replacement 
of the hydroxide ion by the more basic ethoxide ion is a sufficient change to produce very 
great facilitation (Part VII, J., 1930, 705). It follows that the paraffin reaction must be 
similarly dependent on the basicity of the anion, and this shows that the slow (rate-determin- 
ing) stage of the reaction formulated above is the initial stage, the speed of which, probably 
proportional to /,?[R,P"][(OX’], where f is the activity coefficient of the univalent ions, 
depends inter alia on the chemical activity of the unshared electrons of the anion. 


EXPERIMENTAL. 


Equiv. amounts of CH,Ph-CH,Br (prep. from CH,Ph-CH,°OH, aq. HBr, and conc. H,SQ,), 
and PEt, in Et,O (Hibbert, Ber., 1906, 39, 161) were kept at room temp. for several hrs. Most 
of the Et,O was removed through a long Dufton column, and the residue was refluxed with 
MeNO,. The {P(CH,°CH,Ph)Et,}'Br’, pptd. in cryst. form by cautious addition of Et,O, was 
crystallised from EtOH and dried in vac. over P,O;. (8-Diphenylethyliriethylphosphonium 
chloride was similarly prepared from CHPh,°CH,Cl and PEt, in Et,OQ—MeNO, and crystallised 
from MeOH (Found: Cl, 10-5. Cy H,,PCl requires Cl, 10-6%). These and the other phos- 
phonium halides (later paper) were converted into ethoxides by treatment with 1 equiv. of 
NaOEt in Ca-dried EtOH, and the EtOH solutions of phosphonium ethoxides were distilled in 
N. In each case decomp. set in at about 100—120° and was completed at about 140° (bath 
temps.). 

The cryst. residue from the distillation of {PMe,}OEt’ had the characteristic physical pro- 
perties of a phosphine oxide, had b. p. 210° and m. p. 140°, and was definitely identified as 
Me,PO by means of the trichloroacetate (Fenton and Ingold, J., 1929, 2350). The alc. distillate 
had the odour of a phosphine and on-treatment with MeI and subsequently with excess of dry 
Et,O gave a definitely visible amount of salt, which, however, was insufficient for purification 
and analysis. This is a possible indication of the incursion of the reaction which leads to an 
ether, and this form of degradation will be sought in more favourable examples. The gaseous 
products of the reaction were passed through Br and into the aspirator in a current of N. The 
Br gave no trace of oil on treatment with ice and SO,. The gas in the aspirator was shown by 
analysis (Bone-Wheeler) to consist of N and a hydrocarbon which on combustion gave 3-10 vols. 
of CO, and was therefore C,H,. 

The cryst. residue from the distillation of {PEt,}'OEt’, evidently a phosphine oxide, had 
b. p. 240° and was identified as Et,PO by means of its chromate (Pickard and Kenyon, J., 1906, 
89, 264). The alc. distillate had the odour of a phosphine but the quantity was insufficient to 
yield a visible amount of methiodide. The Br through which the gaseous decompn. products 
were passed yielded no olefin bromide. The gases collected consisted of N and a hydrocarbon 
which on combustion gave 4-05 vols. of CO, and was therefore C,H (yield ca. 90%). 

When {P(CH,-CH,Ph)Et,}"OEt’ was decomposed, the gas swept by N into the aspirator 
contained insufficient hydrocarbon to permit accurate analysis, and the Br, placed to collect any 
unsatd. gaseous hydrocarbons, yielded no olefin bromide on decompn. with ice and SO,. The 
alc. distillate was poured into H,O and extracted with CCl,, and the extract was dried and treated 
with sufficient CCl, solution of Br to give a faint permanent colour. Evaporation of the solvent 
yielded styrene dibromide (comparison; m. p. and mixed m. p.) in yield of 10%. The residue 
in the decomposition flask was extracted with H,O, and the oil identified as butylbenzene by its 
b. p. (182°) and by oxidation to Ph-CO,H. The aq. extract on evaporation gave Et,PO, identified 
as in the previous expt. In another expt., part of the alc. distillate was treated with Mel and 
then with excess of Et,0; the {PMeEt;}'I’ was collected and identified by conversion into 
picrate (comparison; m. p. and mixed m. p.). The remainder was poured into H,O and 
extracted with CCl,, and the styrene estimated by titration with standard Br in CCl, The 
residue in the flask was distilled in steam, the distillate extracted with CCl,, and the extract 
similarly titrated. The total estimated amount of styrene was 10-6%. 

The distillation of {P(CH,*CHPh,)Et;}"OEt’ was conducted in N under reduced press., and 
any products uncondensed at 0° were passed through dil. aq. HCl and into an exhausted bulb, 
communicating with the acid trap through a stop-cock and having a side arm to facilitate the 
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transference of gas to an ordinary holder by filling with H,O. At the end of the distillation, the 
apparatus was swept out with N until the press. in the bulb was slightly less than 1 atm.; Br 
was then let in (through the side arm), and a further quantity of N to raise the press. slightly 
above 1 atm. The Br was then drawn off and examined for olefin bromides, with negative 
results. The residual gases were transferred through aq. KOH to an ordinary holder and 
analysed; but they contained no hydrocarbons, The distillate was poured into dil. HCl, com- 
bined with above-mentioned HCl soln., and extracted with CCl,. The residue in the decom- 
position flask was also extracted with H,O and CCl,, and the combined CCl, extracts dried and 
distilled. The bulk of the distillate had b. p. 134—139°/14—16 mm., was unsatd. to KMnQ, 
and Br, and was proved to be CPh,:CH, by analysis (Found: C, 92-9; H, 6-7. Calc.: C, 93-3; 
H, 6-7%), refractive index, nj’ 1-6085, and by ozonolysis to CH,O (p-nitrophenylhydrazone, 
m. p. and mixed m. p. 181°) and CPh,°O (oxime, m. p. and mixed m. p. 142—144°). There was 
also a small fraction of b. p. ca. 170—175°/15 mm., and a residue which decomposed. The 
fraction was aa-diphenyl-n-butane, probably slightly impure (Found: C, 91-7; H, 85. CygHy, 
requires C, 91-4; H, 8-6%), because on oxidation with warm alk. KMnQ, it gave CPh,:O, which 
was isolated by extraction with Et,O after effecting complete solution of the Mn oxides by passage 
of SO,; the partly-solid mass which was left after removal of the Et,O was digested with 
NH,OH,HCI and 1 equiv. of NaOH in aq. EtOH, and the product, extracted with Et,O after 
addition of dil. H,SO,, was identified (comparison; m. p. and mixed m. p.) as benzophenone- 
oxime. The aq. HCl soln. was basified under Et,O and the Et,O extract therefrom dried and 
treated with MeI; the methiodide was converted into the methopicrate which was identified as 
methyltriethylphosphonium picrate (comparison; m. p. and mixed m. p.). The aq. extract 
from the decomposition flask was evaporated, but the hygroscopic syrup obtained did not 
suffice for distillation. It was, however, converted into the characteristic chromate of Et,PO. 


UNIVERSITY OF LEEDs. 
UNIVERSITY COLLEGE, LONDON. [Received, March 29th, 1933.] 





137. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XVIII. Thermal Decomposition of 
Sulphonium Hydroxides. 


By C. K. INGotp, J. A. Jessop, K. I. Kurtyan, and (in part) A. M. M. MANDourR. 


THE thermal decomposition of trimethylsulphonium hydroxide has been examined by 
Crum Brown and Blaikie (J. pr. Chem., 1881, 23, 395), who observed the elimination of 
methyl alcohol, and that of triethylsulphonium hydroxide by Alvisi (Z. angew. Chem., 1897, 
14, 302), who reported the elimination of ethylene. The only previous record of 
simultaneous decomposition in two directions is due to von Braun, Teuffert, and Weissbach 
(Annalen, 1929, 472, 121), who observed the formation of both decylene and methyl alcohol 
from dimethyl-n-decylsulphonium hydroxide. 

A study of the decomposition of five sulphonium hydroxides of the form {AlkSMe,}°OH’ 
has shown that the reaction in general pursues routes similar to those established for 
ammonium hydroxides : 


_7 RCHICH, + SMe, + H,0 . (A) 
=~ 


{R-CH,*CH,*SMe,}'OH’ 
*R-CH,CH,SMe + MeOH . . . (B) 


A notable distinction between the decompositions of the two types of compound con- 
sists in the more facile character of the mode of fission represented by reaction (B) in the 
case of the sulphonium hydroxides. This follows from the much smaller proportions of 
olefins obtained from the sulphonium compounds (see Table I), coupled with the perceptibly 
lower temperature of decomposition of these substances. J 

These differences apart, the variation in the proportions of reactions (A) and (B) as 
between one example and another in the sulphonium series is so closely parallel to the 
corresponding variation observed in the ammonium series (see Table I) that it appears a 
warrantable conclusion that similar mechanisms apply; thus we justify the assumption 

NN 





Ingold, Jessop, Kurtyan, and Mandour : 


TABLE I. 
Proportions of olefin (mols. %). 


{AlkSMe,}"OH’ {AlkNMe;}"OH’ 
Alk. (this paper). (Parts I and II*). 
CH,’CH,: 27 95 
CH, —> CH,’CH,° 77 84 
CH, —-> CH, —> CH, CH, 3°8 79 


15 63 





63 ca. 100 


A 
CH; 
* Part I, loc. cit.; Part II, Ingold and Vass, J., 1928, 3125. 


that the mechanistic theory of Part I (Hanhart and Ingold, J., 1927, 997) as extended in 
Part XVI (Hughes, Ingold, and Patel, this vol., p. 526) applies without essential change in 
the sulphonium series also. 

A further analogy with the ammonium series emerged from the study of three sulphonium 
hydroxides of a form, {AlkSMeEt}"OH’, which permits the elimination of alternative olefins : 


~R-CH:CH, + SMeEt+H,O . . . . (A’ 
/ 
{R-CH,*CH,*SMeEt}'OH’ —> R-CH,"CH,SEt + MEOH . . . . (B) 
\ 
\R-CH,°CH,"SMe + CH,:CH, + H,O . . (A”) 


The results (see Table II, upper portion) indicate that the rule of the preferential elimination 
of ethylene is obeyed (Nos. 6 and 7) or disobeyed (No. 8) according to just the same principles 
as those which apply to ammonium hydroxides, and there can be no reasonable doubt that 
the explanation of these phenomena advanced in Part I (loc. cit.) in relation to ammonium 
hydroxides applies in the examples now considered. 

Confirmation is derived from the study (Table II, lower portion) of a further group of 
two sulphonium hydroxides of the form {AlkSMePr*}"OH’. This type also permits the 
elimination of alternative olefins, and the examples studied decomposed in three directions 
corresponding to equations (A’), (B), and (A”), with Pr? written for Et and CHMe:CH, for 
CH,:CH,. One example (No. 9) illustrates expected violation of the ethylene rule, and in 
both cases the data are in complete conformity with the theoretical principles referred to in 
the preceding paragraph. 

TABLE II. 
Composition (mols. %) of olefin mixture. 





Alk Z ~ 
in {AlkSMeEt}'OH’. (A’) R-CH:CH,. (A”) CH,:CH,. 
CH,-CH,°CH, 20 80 
(CH,),CH°CH,° 7 93 
C,H,°CH,’CH,: 97 3 
in {AlkSMePr®}"OH’. (A’) R-CH:CH,. (A”) CHMe:CH,. 
9 CH,°CH, 25 15 
10 (CH,),CH-CH, 6 94 
One of the most difficult theoretical questions raised by the above results concerns the 
non-appearance of paraffinic decomposition, {SRR’R’’}®OH° —> R’R”SO + RH, since, 
according to Sidgwick’s rule, sulphur, like phosphorus, should be able to form an electron 
decet, and should thus fulfil the condition which Fenton and Ingold regarded as essential 
to paraffinic degradation (Part V, J., 1929, 2342; cf. Hey and Ingold, preceding paper). 
However, the rule referred to is essentially permissive in character, and actually neutral 
sulphur in possession of a decet appears to be a rare and somewhat unstable form of this 
element, since Lowry and Jessop have shown that sulphur tetrachloride has no existence in 
solution (J., 1929, 1421; 1930, 762), so that sulphur tetrafluoride, described by Fischer and 
Jaenckner (Z. angew. Chem., 1929, 42, 810) as a reactive gas, quite unlike the stable hexa- 
fluoride, remains as the only authentic example. The known paraffinic decomposition 
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of sulphones, RR’SO, + OH? —> R’SO,° + RH (Part VIII, Ingold and Jessop, J., 1930, 
708), is not regarded as an argument in the contrary sense, because the electrical dipoles in 
the sulphone group must considerably modify the stabilities of the possible configurations 
of electrons, and, indeed, there is a strong suggestion in the acid character of many sulphones 
of a definite tendency towards expansion in the valency electron group of the sulphone 
sulphur atom. 

EXPERIMENTAL. 


Preparation of Sulphonium Salts.—The route to salts of the type {RSMe,}"I’ was in all cases 
the same, viz., through RSH and RSMe; other routes led to the formation of more or less 
{SMe,}"I’ in the final stage. (1) EtSH, prepared by Kleson’s method (Ber., 1887, 20, 3411), 
was converted into EtSMe with NaOEt—EtOH and Mel, and the EtSMe was treated with Mel 
in the absence of a solvent. Dimethylethylsulphonium iodide, purified by pptn. from dry EtOH 
with Et,O, was obtained as a very hygroscopic cryst. solid, m. p. ca. 110° (decomp.) (Found : 
I, 58-3. C,H,,SI requires I, 58-3%). 

(2) PreSH was prepared by adaptation of Kleson’s method, and also as follows. A mixture 
of Pr¢Br (133 g.) and a soln. of NaOEt in EtOH (300 g.), prepared from Na (23-4 g.) and pre- 
viously saturated with H,S, was kept at room temp. for 24 hr., boiled under reflux for 0-5 hr., 
and poured into H,O; the pptd. oil was dried (Na,SO,) (yield 50 g., b. p. 67—69°). PreSMe, 
b. p. 93—95° (HgCl,-compd., cryst. from EtOH, m. p. 164—166°), was prepared from PreSH 
(35 g.), NaOEt-EtOH (from Na, 10-7 g.), and Mel (66 g.) (yield 20 g.), and methylated with Mel 
in the absence of a solvent. Dimethyl-n-propylsulphonium iodide was too hygroscopic to permit 
an accurate determination of its m. p. (Found: I, 54-8. C,H,3SI requires I, 54-7%). 

(3) BueSH (40 g., b. p. 97—98°), prepared (yield 26%) by an adaptation of Kleson’s method, 
was converted by treatment with NaOEt-EtOH (Na, 10-1 g.; EtOH, 200 c.c.) and Mel (63 g.) 
into ButSMe (30 g., b. p. 122—123°), and the latter was methylated as usual. Dimethyl-n-butyl- 
sulphonium iodide, m. p. 82° (decomp.), was purified by pptn. from EtOH with Et,O (Found : | 
I, 51-7. C,gH,,SI requires I, 51-4%). 

(4) tsoBuSH (46 g., b. p. 86—90°) was prepared from isoBul (150 g.) by treatment with 
NaHS in EtOH as described for the prepn. of Pr*SH. isoBuSMe, b. p. 110—112°, prepared and 
methylated as in the previous examples, gave dimethylisobutylsulphonium iodide, which, purified 
as usual, had m. p. 88—90° (decomp.) (Found: I, 51-4. C,H,,SI requires I, 51-4%). 

(5) Pr®SH, b. p. 53°, was obtained from PrBr exactly as described for the Pr* isomeride, and 
was converted similarly into Pr®SMe, b. p. 82—84°, which on methylation as usual gave dimethyl- 
isopropylsulphonium iodide, very hygroscopic cubes (Found: I, 54-7. C,H ,3SI requires I, 54-7%) 
from EtOH. 

(6) PreSEt, prepared from NaSEt and Pr«I (Stromholm, Ber., 1900, 33, 830), b. p. 115—117°, 
was methylated (10 g.) with Mel (14 g.) in cold MeNO, (25 c.c.) over-night. Addition of Et,O 
pptd. an iodide from which was obtained methylethyl-n-propylsulphonium picrate, m. p. 94—96° 
(Found: C, 41-5; H, 5-0. C,,.H,,0,N,S requires C, 41-5; H, 49%). 

(7) (With A. M. M. Manpour.) Methylethylisobutylsulphonium iodide was prepared from 
MeSEt and isoBul by maintaining the mixture with MeNO, at 70° for 1 week, cooling, and 
pptg. with Et,O (Found: I, 48-7. C,H,,SI requires I, 48-8%). 

(8) EtSH (31 g.) was added drop by drop under reflux to Na (11-5 g.) and Et,O (25 c.c.). 
Towards the end of the reaction, EtOH (50 c.c.) was added, and the mixture was kept for 24 hr., 
treated with CH,Ph-CH,Cl (70 g.), kept a further 24 hr., and finally heated on the water-bath 
for 0-5 hr. The SEt-CH,°CH,Ph, isolated by pouring into H,O, extraction with Et,O, and dry- 
ing (CaCl,), had b. p. 113—115°/10 mm. (yield 50%). §-Phenylethylmethylethylsulphonium 
iodide, obtained from the sulphide and Mel in the absence of a solvent, had m. p. 84—85° 
(Found: I, 41-2. C,,H,,SI requires I, 41-0%). 

(9) EtSPr®, b. p. 102—104°, prepared from dry EtSNa (27 g.), PrI (54 g.), and EtOH (100 
c.c.) by boiling for 3 hr., pouring the product into H,O, and collecting, drying and distilling the 
pptd. oil, was methylated (10-5 g.) with Mel (14 g.) in cold MeNO, (15 c.c.), and after 24 hr. 
Et,O was added to ppt. the sulphonium iodide (hygroscopic crystals) from which methylethyliso- 
propylsulphonium picrate, cryst. from EtOH in needles, m. p. 173—175°, was prepared (Found : 
C, 41-6; H, 4-9. C,.H,,0,N,S requires C, 41-5; H, 4-9%). 

(10) Pr®SH, b. p. 57—60°, was prepared from Pr®I and EtOH—KHS as described by Claus 
(Ber., 1872, 5, 659), converted into Pr®SNa by treatment with Na in Et,O, and the dry Na 
compound methylated with MeI in EtOH. Pr®SMe, b. p. 93—95° (4 g.), isoBul (9 g.), and MeNO, 
(10 c.c.) were kept for 20 hr. at 80—90° with excess of suspended Ag,SO,. The sulphonium 
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sulphate pptd. with Et,O yielded methylisopropylisobutylsulphonium picrate, long needles, m. p. 
49—50° (Found: C, 44-6; H, 5-4. C,,H,,O,N,S requires C, 44-8; H, 5-6%), from hot H,O. 

General Method of Decomposing Sulphonium Hydroxides.—The hydroxide solutions were 
prepared as usual from the iodides and CO,’-free Ag,O [except in the case of No. 10, where the 
sulphate and Ba(OH), were used] with minimal exposure to air. They were distilled (bath 
temp. 120—130°, except that with No. 8 the final temp. was made higher in order to drive over 
the styrene) from a flask fitted with a N inlet tube through an efficient condenser into a train 
consisting of an empty trap at 0°, three traps containing HgCl, aq. at room temp., and a gradu- 
ated aspirator. The first trap caught H,O, MeOH, a mixture of sulphides, and in one case 
styrene also. The small amounts of volatile sulphides (chiefly Me,S) which escaped this trap 
were held by the HgCl, aq., from which the cryst. additive compound was pptd. Gaseous 
products went into the aspirator into which a current of N swept the contents of the apparatus 
at the end of the reaction. The contents of the first trap were separated by distillation into a 
mixture of sulphides and an aq. solution of MeOH, and the sulphides were either partly or 
completely separated by distillation according to the separation of their b. p.’s. They were 
usually identified by their b. p.’s and by the I content of their methiodides. The identification 
of small amounts of Me,S in mixtures consisting mainly of higher sulphides depended on the 
small solubility of {Me,S}"I’ in cold MeOH, for methylation of the mixture and extraction of the 
methiodides with this mixture effected an almost quant. separation of the lower homologue. 
The gas in the aspirator was measured and samples were analysed (Bone—Wheeler). Olefins 
were further identified in the form of their bromides. 

Resulis (quantitative results are given in the introduction).—(1) Dimethylethylsulphonium 
hydroxide. MeOH was separated from the aq. distillate as p-nitrobenzoic ester (m. p. and mixed 
m. p. 94—96°). Me,S after partial separation was identified by the prep. of {Me,S}'I’, m. p. 208° 
(decomp.) (Found: I, 61-8. Calc.: I, 622%), and MeEtS was similarly identified as 
{Me,EtS}I’, m. p. and mixed m. p. 110° (decomp.) (Found: I, 58-0. Calc.: I, 583%). Gas 
analysis indicated the presence of a C,-hydrocarbon, completely absorbable in Br to give C,H,Bry, 
b. p. 1830—131° (Found: C, 12-5; H, 2-2. Calc.: C, 12-7; H, 2-1%). 

(2) Dimethyl-n-propylsulphonium hydroxide. MeOH was identified as in (1) (p-nitrobenzoate, 
m. p. 94°, mixed m. p. 93—96°). Me,S, separated by distillation in a nearly pure form, gave 
{Me,S}'I’, m. p. 207—209° (decomp.) (Found: I, 62-3. Calc.: I, 62-2%). PreSMe, b. p. 
93—95°, was converted into its methiodide (Found: I, 54:7. Calc.: I, 54:7%). The gaseous 
C,-hydrocarbon was completely absorbed in Br to give C;H,Br,, b. p. 140° (Found: C, 17-0; 
H, 3-0. Calc.: C, 17-8; H, 3-0%). 

(3) Dimethyl-n-butylsulphonium hydroxide. The first runnings obtained on distillation of the 
mixed sulphide were methylated and {Me,S}'I’ was isolated, m. p. 208 (decomp.), by use of cold 
MeOH (Found: I, 62-8. Calc.: I, 62-7%). ButSMe had b. p. 123—124°; its identity was 
confirmed by conversion into its Bu*SMe,I (Found: I, 51-5. Calc.: I, 51-4%). The gaseous 
C,-hydrocarbon was completely sol. in Br, giving an oily bromide in quantity too small for 
distillation. 

(4) Dimethylisobutylsulphonium hydroxide. The first few drops obtained on distilling the 
sulphides gave on methylation {Me,S}'I’ in quantity too small for purification; identification 
is based on the m. p., 204° (decomp.), of the crude salt and on its insolubility in cold MeOH. 
isoBuSMe had b. p. 110—112°; its identity was confirmed through its methiodide (Found : 
I, 51-6. Calc.: I, 51-4%). MeOH was identified by its p-nitrobenzoate, m. p. and mixed m. p. 
95—96°. The gaseous C,-hydrocarbon was completely sol. in Br, giving an oily bromide in 
quantity too small to distil. 

(5) Dimethylisopropylsulphonium hydroxide. The sulphides were divided into fractions, 
b. p. 40—55° and 55—76°. The former on treatment with Mel yielded {SMe,}‘I’, m. p. 210° 
(decomp.) (Found: I, 62-1. Calc.: I, 62-2%), and the latter gave methiodides which on 
lixiviation with cold MeOH and pptn. with Et,O yielded {Pr®SMe,}"I’ (Found: I, 54-6. Cale. : 
I, 547%). The C,-hydrocarbon was wholly sol. in Br, giving C;H,Bry,, b. p. 138—140° (Found : 
C, 18:1; H, 3-0. Calc.: C, 17-8; H, 3-0%). 

(6) Methylethyl-n-propylsulphonium hydroxide. The mixture of Pr*SMe and Pr*SEt, b. p. 
85—112°, could not be separated. MeOH was detected as usual, and EtOH by the CHI, 
reaction. Gas-analysis indicated hydrocarbons equiv. to C,..9, and these were wholly sol. in 
Br, giving a mixture of C,H,Br, and C,H,Br,, b. p. 130—140°. 

(7) (With A.M.M. Manpour.) Methylethylisobutylsulphonium hydroxide. The mixture of 
sulphides could not be separated. Alcohols were detected as in the preceding case. Analysis 
of the gaseous products indicated hydrocarbons equiv. to C,.,4, Cz.;3, and were wholly sol. in 
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Br to give a mixture of bromides from which C,H,Br,, b. p. 131°, was separated by distillation 
(Found: Br, 86-5. Calc.: Br, 86-0%). 

(8) B-Phenylethylmethylsulphonium hydroxide. The sulphide fraction of b. p. below 100°, 
consisting of crude MeSEt, was identified as such by conversion into SMe,EtI (Found: I, 58-2. 
Calc.: I, 583%). Styrene, b. p. 140—143°, was identified through its dibromide, m. p. and 
mixed m. p. 73—74°. The gaseous C,-hydrocarbon was wholly sol. in Br, giving an oily bromide 
in quantity too small for distillation. 

(9) Methylethylisopropylsulphonium hydroxide. The sulphides were not separated. Analysis 
of the gaseous products indicated hydrocarbons equiv. to C,.,;, C.7;, and these were wholly 
sol. in Br, giving bromides, b. p. 130—140°, evidently a mixture of C,H,Br, and C,H,Bry. 

(10) Methylisopropylisobutylsulphonium hydroxide. The sulphides were not separated, and 
gas-analysis indicated hydrocarbons equiv. to C3.9,. These were completely sol. in Br, giving 
bromides, b. p. 140—150°, from which C,H,Br,, b. p. 140—141°, was obtained by distillation 
(Found: C, 18-0; H, 3-2. Calc.: C, 17-8; H, 3-0%). 
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138. The Determination of the Vapour Pressures of Amalgams by a 
Dynamic Method. 


By Joun S. PEDDER and SYDNEY BARRATT. 


A CHARACTERISTIC of each of the alkali-metal amalgams is the formation of a series of 
compounds between the two component elements, some of which have a large positive 
heat of formation and are correspondingly stable. From the measured heat of formation 
of the compound represented by the formula Na,Hg and by application of Nernst’s heat’ 
theorem, Wartenberg (Z. Elektrochem., 1914, 20, 443) has shown that at 444° the con- 
ditions are favourable for the existence of a considerable proportion of this compound in 
the vapour above the amalgam. To test this conclusion experimentally, he distilled at 
444° a quantity of sodium amalgam having a composition represented by Na,Hg, and 
from the composition of the distillate deduced that the compound had distilled over 
unchanged. The accuracy of Wartenberg’s conclusion has been questioned by Eucken 
and Neumann (7d7d., 1922, 28, 322), who have shown, by distillation at constant pressure, 
that the compound Na,Hg must be dissociated in the vapour state. 

It is also known (Barratt, Tvans. Faraday Soc., 1929, 25, 758) that the absorption 
spectra of the vapours of sodium, potassium, rubidium, and cesium amalgams show well- 
defined bands which confirm the presence of compound molecules in the vapour state but 
give no information as to their concentration. 

The most promising method for the further investigation of this problem is the deter- 
mination of the partial vapour pressures of each of the constituents of various amalgams 
at a constant temperature. The dynamic gas-streaming method has therefore been 
adapted for the measurements at temperatures of 250—400°. 

As far as can be ascertained, all previous measurements of this type above room 
temperature have been carried out with a static apparatus similar to that first used by 
Ramsay (J., 1889, 55, 521). For purposes of comparison, measurements of the vapour 
pressures of cadmium and zinc amalgams have been carried out with the dynamic method. 


EXPERIMENTAL. 


Principle of Method.—A measured vol. of inert gas (N or A) was passed slowly over the 
surfaceof the amalgam, which was maintained at a const. temp.in a furnace, so that the gas became 
fully saturated with the vapour from the amalgam; it was then passed through a cool tube, 
where the metal vapours condensed. ‘The partial v. p. was calculated frem the wt. and compn. 
of the metals thus distilled. An important check on the results was provided by passing the 
inert gas back over pure Hg contained in a tube alongside the amalgam tube in the furnace 
and through a second condenser tube where the pure Hg condensed. Thus, in each expt. the 
vapour pressure of pure Hg was determined. The mercury and amalgam tubes were arranged 
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in position with the furnace cold, and a slow reverse stream of N was passed in through the 
condenser tubes to prevent metal being deposited in these tubes by diffusion while the furnace 
was being warmed to the required temp. 

Furnace.—The form of furnace was decided upon only after many test expts. with both 
tubes containing pure Hg. It was considered important that the temp. along the whole length 
of the furnace should be as uniform as possible, and therefore a heavy Cu core was used. It 
consisted of a Cu tube, 21” long and having an inside diam. of 33’ and walls }” thick, which 
was fitted with brass end-pieces to secure it in position inside a large furnace case. About 
20 Ib. of No. 12 S.W.G. Cu wire were wound in layers, and a thin coating of boiler compound 
was placed round this winding to prevent undue oxidation of the wire. Two layers of asbestos 
paper, to insulate the heating winding of nichrome ribbon, and two more layers of asbestos 
paper over the heating winding completed the core. This method of building up the core from 
wire is very much cheaper than the use of a solid Cu casting. 

The greater loss of heat at the ends of the furnace than at the centre was compensated for 
by the addition of two more heating windings, wound on brass formers 2” wide by 6” in diam. 
placed one at each end of the Cu core. The space between the core and the furnace case was 
lightly packed with asbestos wool. 

The currents through these heating windings were adjusted to maintain a temp. roughly 
15° below that required. The extra heating was supplied by a current of about } amp. through 
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a control winding on a thin Cu tube, 18” long by 3}” in diameter, which was placed centrally 
inside the main furnace core. The current through this control winding was switched off and 
on automatically as the temp. inside the furnace rose or fell, by a device based on the change 
of resistance with temp. of a Pt wire. The Pt resistance wire (about 33 ohms) with stout Cu 
leads was inserted in the furnace and connected as one arm of a Wheatstone bridge. A mirror 
galvanometer was connected across the bridge, and an intense beam of light directed on to the 
mirror so that, when the bridge was balanced with the furnace at the required temp., the reflected 
light illuminated a photo-cell placed about 14 m. away. With the photo-cell thus illuminated, 
a photoelectric current of about 1 micro-amp. was obtained. This was amplified by a therm- 
ionic valve, and the control heater current was switched on by means of a Hg contact relay 
operated by a Post Office relay in the anode circuit of the valve. The control heater current 
was arranged so that the furnace tended to overheat slightly, until the galvanometer beam 
moved off the photo-cell and the control heater circuit was broken by the relay. 

The Pt resistance, insulated by asbestos paper and alundum cement, was wound round a 
cylindrical Cu block, 2}” in diam. and 6” long, which was placed centrally inside the control 
heater tube (Fig. 1). 

The tubes containing the amalgam and the Hg (subsequently referred to as the furnace 
tubes) were passed through two parallel tunnels, 1” in diam., drilled through the Cu block. 
The temp. of the block was observed by two calibrated copper—constantan thermocouples, used 
in conjunction with a Leeds—Northrupp potentiometer. The thermocouples were insulated 
with thin silica tubes, and inserted in holes about 14” deep drilled into each end of the Cu block. 
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Considerable difficulty was encountered in the first expts. owing to the formation of a thin 
film of oxide on the surface of the amalgam, which greatly hindered the complete saturation 
of the N with the amalgam vapours. This was overcome by very complete elimination of O 
from the N, and by the use of two special furnace tubes. These were constructed from three 
lengths of 1’’-diam. Pyrex tube joined eccentrically by short pieces of $’’-diam. tube, so that 
the Hg and amalgam were each divided into three separate pools. These tubes were improved 
later so that the amalgam could be stirred. The final design is shown in Fig. 2. 
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For the v. p. measurement, the two tubes were arranged side by side in the furnace so that 
the middle bulbs accurately filled the tunnels provided in the Cu block, and the condenser 
tubes were inserted so as to project just into the first bulbs. A piece of rubber tubing placed 
half over the end of the furnace tube and half over the condenser tube provided a satisfactory 
gas-tight junction. 

While the furnace was being warmed, the slow reverse stream of N was passed in through 
the Hg condenser tube, over the Hg in the three bulbs, back in a quill tube through the furnace 
to the amalgam condenser tube, over the three pools of amalgam, and so out. When the 
desired temp. had been reached, the condenser tubes were pushed in so as to project about 
}’’ into the middle bulbs and the measured vol. of N was passed through at an even rate. The 
condenser tubes were then stoppered and withdrawn, while N was passed slowly in at the 
other ends of the furnace tubes to exclude air. Thus, for the actual v. p. measurement the 
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vapours from the middle bulbs, whose temp. was accurately known, were deposited in the 
condenser tubes. The contents of the middle bulbs were protected from oxidation by the 
pools on either side, and also the third bulb served as a pre-saturator for the N so that but 
little further evaporation occurred in the middle bulb and constancy of compn. of the amalgam 
therein was assured. 

The control heater tube was fitted with Cu wire handles so that at the conclusion of the 
expt. it could be withdrawn from the furnace together with the furnace tubes, which then 
cooled much more rapidly than if left in the furnace. 

Purification and Measurement of the Nitrogen—For the expts. with the Cd amalgams, O 
was removed from the N by passing the cylinder gas over hot reduced Cu turnings, and through 
a train of tubes containing liquid Na-K alloy. Although very pure N was obtained, yet this 
arrangement was not satisfactory on account of the necessity for frequent replacement of the 
alloy tubes. The apparatus was therefore altered to permit the use of Wartenberg’s method 
(Z. Elektrochem., 1930, 36, 259) of elimination of O, in which the impure N is enclosed in a steel 
bomb at a press. of 100—120 atm., together with (for a 300-c.c. bomb) 50 g. of bright Cu wire 
cut into short lengths, a piece of Sn, and about 70 c.c. of a solution prepared from 250 c.c. of 
satd. (NH,),CO, aq., 250 c.c. of NH, aq. (d 0-880), 100 g. of NH,Cl, and 500 c.c. of H,O. 

The bomb is rotated in an inclined position for about 1 hr. so that the Cu becomes exposed 
to both the gas and the solution. Under these conditions the Cu is readily oxidised, and the 
CuO dissolves to form a blue solution which slowly becomes colourless owing to the replacement 
of Cu" by Cu’ ions. The colourless solution is very readily oxidised and the O content of the 
N is reduced to about 10-*% (Wartenberg). 

The N from the bomb was passed through two wash-bottles, the first containing dil. H,SO, aq., 
and the second conc. H,SO,, to remove NH;. As a further precaution for elimination of O, 
the N was passed over reduced Cu turnings in an electrically heated silica tube and also over 
liquid Na-K alloy. 

Nitrogen required during the prepn. of the amalgams and when filling the furnace tube with 
amalgam was obtained from side tubes fitted with flexible-metal connexions (Tombac tubing). 
By suitable manipulation, it was possible to insert or withdraw the condenser tubes from the 
furnace tubes without admitting air into the latter. 

For the v. p. determination, about 550 c.c. of N were measured at atm. press. in a carefully 
calibrated bulb in a thermostat. N was drawn in at slightly above atm. press. by means of a 
vacuum-controlled Hg piston until the bulb was almost full. The excess N was then bubbled 
out through a side tube which just dipped beneath the surface of conc. H,SO, in a beaker. 
N was passed out to the furnace tubes by admitting air into the partial vac. above the Hg 
piston. The rate of flow was roughly indicated by a bubbler. 

Preparation of the Amalgams.—The Hg used was purified by distillation in a still of the 
type described by Hulett (Physical Rev., 1905, 21, 388), and the amalgams were prepared by 
heating the roughly weighed quantities of the metals together in a Pyrex bulb. The amalgam 
was poured out through a short side tube on the bulb and into the furnace tube through the 
inlet tube provided for this purpose. The desired amount of amalgam was obtained in each 
bulb by suitably tilting the tube. 

This procedure was satisfactory with the Cd amalgams, but slight oxidation sometimes 
occurred in pouring Zn amalgams into the furnace tube in this way. The improved method, 
illustrated in Fig. 2, was therefore used with Zn and K amalgams. The furnace tube was 
sealed on to a 6-cm. Pyrex bulb B, and the tubes were gripped at the points marked C by 
clamps mounted on a mild-steel bar, pivoted at P so that the whole assembly could be swung 
round. The amalgam was poured from the preparation bulb into the bulb B, and the inlet A 
sealed off. When the amalgam had cooled sufficiently, the apparatus was evacuated and 
refilled with N. The amalgam was then warmed, and the assembly tilted so that the amalgam 
flowed through the capillary D into the furnace tube, which was then drawn off at E and allowed 
to cool in a horizontal position. 

As a further precaution, to ensure as thorough saturation of the N as possible, the Zn and 
K amalgams were stirred during the v. p. determination, by means of the special furnace tube 
shown in Fig. 2. ‘The tube was rocked to and fro through an angle of 60°, and the sharp dents 
projecting upwards from the bottom of the tube stirred the amalgam. The large dents on the 
top of the tube served to force the flow of N nearer to the amalgam surface. 

Analysis of the Amalgams.—With the Cd and the Zn amalgams, small weighed samples were 
dissolved in HNO,, and the Hg determined volumetrically by titration with standardised 
NH,NCS in presence of ferric solution. 
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In the analysis of the K amalgams the amounts of both constituents were determined. 
Amalgams containing up to 45 mols. % of K do not react vigorously with cold H,O, and this 
was therefore poured on to the samples of the amalgams to obtain the K in solution. A slight 
excess of standard H,SO, was then added, and after about 24 hr. CO, was boiled off and the 
excess acid titrated with standard KOH aq. with methyl-red as indicator. Amalgams con- 
taining 45—56 mols. % of K were cooled by a freezing mixture and treated with ice-cold 
H,O before the above procedure was followed. 

Amalgams containing larger propns. of K react vigorously even with cold H,O. It is not 
satisfactory to obtain the K in solution by blowing moist air over the amalgam, since an 
appreciable amount of Hg is thereby oxidised. Small pieces of such amalgams, therefore, were 
dropped into cold abs. EtOH; when the reaction had subsided, HO and H,SO, were added, 
and the analysis carried out as before. 

The Hg remaining after the determination of the K was dissolved in HNO, and determined 
volumetrically as before. 

Analysis of Distillates—Since the expts. with Cd and Zn amalgam were performed mainly 
to test the accuracy of the exptl. method, and because of the comparatively small volatility of 
Cd and Zn, the distillates obtained in the v. p. measurements were not analysed for these two 
metals. 

With the K amalgams, after each expt., the condenser tube containing the distilled Hg and 
K was weighed and then washed out with distilled H,O and a measured vol. of standard approx. 
N/1000-H,SO,. The solution was kept for a few days in a Jena-glass flask, then CO, was boiled 
off, and the excess acid titrated with CO,-free KOH, Sofnol No. 1 indicator being used. 

Vapour-pressure Measurements.—Although it was possible, by means of the automatic 
control, to keep the temp. of the furnace const. to within about 0-1° during each expt., yet it 
was difficult to return to exactly the same temp. for every expt. To correct for such differences 
the average value of the v. p. of Hg throughout the series of expts. was determined. The ratio 
of the result of each expt. to this average value was noted, and the results for the amalgam were 
corrected proportionately. The amount of this correction was about 1—2%, and therefore, 
although the temp. coeff. of increase of press. of the amalgam is probably not the same as that 
for pure Hg, yet an error of the second order only will have been introduced by applying simple 
proportion to evaluate the correction. 

Results —Cadmium amalgam. For these expts., N from which the O had been removed 
by Na-K alloy was used, except in the last 5 expts., for which the N was purified by Warten- 
berg’s method. The results are given in Table I, in which a, = p,/p, is the activity of the 
Hg in the amalgam. 

TABLE I. 


Temp. = 283°5°. Average value for v. p. of Hg (f)) = 168°7 mm. of Hg. 


Vapour press. (mm.). 

Amalgam compn. (average). 

Expt. ~ Amalgam, 

No. Hg, % by wt. Hg, mols. %. Hg. Amalgam. corr. (p;). 
169-2 134°8 134°4 
90°95 84°93 158°6 125°9 133°9 
170-2 136°5 135-0 


171°8 92°9 91-2 
170°4 94°3 93°3 
61-7 167°9 83°8 84:2 
169-0 83°8 83°6 


154°5 56°7 61°9 
166°3 63°2 64°1 
160°1 60°4 63°6 
168°5 62°6 62°7 
170°6 61°9 61-2 
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- 1643 30°3 31-1 
4977 357 169-0 31-2 31-1 0-184 


26°55 16°88 166°9 7:3 7°22 0°0428 
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Expts. 2, 8, and 10 show low values for the v. p.’s of both the Hg and the amalgam. The 
differences are too great to be due to a temp. error, and it is considered that some N was 
absorbed by the Na-K alloy, between the volume-measuring apparatus and the furnace tubes. 
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These activities of Hg have been plotted in Fig. 3, together with the values obtained by 
Hildebrand (J. Amer. Chem. Soc., 1920, 42, 545) using the Ramsay static method. The agree- 
ment between the two sets of results is as good as can be expected. The negative deviation of 
the activities of Hg from the ideal values (given by Raoult’s law) may be explained if partial 
solvation be assumed : Cd + Hg == CdHg. 

In view of the various disturbing factors, such as the change of vol. and heat on mixing the 
liquid metals and the different internal pressures of Hg and Cd, it is not possible to calculate 
accurately the degree of dissociation of such a compound from the v. p. data. 


Fic. 3. 
Activity of mercury in cadmium amalgams, Fic. 4. 
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Zinc amalgams. In all the expts. on Zn amalgams, N from which O had been removed 
by Wartenberg’s method was used, and the amalgams were stirred during the v. p. determina- 
tions. The results are given in Table II. 


TABLE II. 


Temp. = 284°. Average value for v. p. of Hg (f») = 169°6 mm. of Hg. 
Vapour press. (mm.). 








Amalgam compn. (average). 7 ~ 
Expt. ————$____—___ — Amalgam, 
No. Hg, % by wt. Hg, mols. %. Hg. Amalgam. corr. (p;). 
" ; 165-0 81-8 84:1 
70°25 43°5 171-4 85°8 84-9 
, 170°1 100-2 99°9 ’ 
80°4 57-2 170-2 103-3 102-9 0-598 
; 168°7 119°5 120-1 
88°0 70°6 170-2 121-1 120°7 0-710 


171°1 144°8 143°5 
94°05 83°7 173°3 143°5 140°5 0°832 
166°7 137°1 139°5 


Con oo fw te 


Amalgams containing less than 43-5 mols. % of Hg were not used owing to the difficulty of 
their preparation. 

The values of a, in Table II have been plotted in Fig. 4, together with the results obtained 
by Hildebrand (J. Amer. Electrochem. Soc., 1912, 22, 319) using Ramsay’s static method. 

It is considered that the slight positive deviation of a, may be due to the different internal 
pressures of the two metals. 

The agreement between the static and the dynamic results is not good, but no decision can 
be reached as to which are more correct. The most likely cause of low results with the dynamic 
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method is incomplete saturation of the N with the metal vapour, owing to the formation of an 
oxide film on the surface of the amalgam. This trouble should, however, be accentuated with 
K amalgams; but the results shown in Fig. 4 agree very well indeed with the values obtained 
by Millar (J. Amer. Chem. Soc., 1927, 49, 3003), who used the static method. 

With the static apparatus, the accumulation of gases in the closed arm would cause positive 
errors. This effect would be less pronounced with K amalgams than with Zn amalgams, because 
the former can absorb gases to a greater extent than the latter. 

Potassium amalgams. The results obtained with K amalgams containing up to 43 mols.% 
of K are given in Table III. The amounts of K distilled in these expts. at 300° were too small 
for estimation with N /1000-solutions, and therefore the v. p. readings given represent the partial 
press. of the Hg. 

TABLE III. 


Temp. = 300°. Average value for v. p. of Hg (p,) = 248°5 mm. of Hg. 
Vapour press. (mm.). 





Amalgam compn. (average). r —~ 
Expt. v -—~ ~ Amalgam, 

No. K, % by wt. K, mols. %. Hg. Amalgam. corr. (p;). a. 

246°9 226°3 227°8 

0°869 4:3 247°7 228°4 229°1 0-919 
250°5 230°1 228°3 

= 179°4 179°4 

—- 178°9 178°9 0°722 
248°1 179°9 180°2 
4°52 19°6 246°8 71°25 71°75 0°289 
4°36 19-0 249-0 77°73 77°89 0-313 
6°72 27:0 248°4 27°67 27°68 0-111 
6°24 25°5 — 33°49 33°49 0°135 


il 249°3 9°54 9°57 
12 9145 34:1 249°1 9°58 9°56 0-0385 


13 i 250°1 2-80 2-78 
14 12°75 42°8 248-0 2-78 2-79 0-0112 





woe 


1-98 9°39 


can one 
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Readings for the v. p. of Hg were not obtained in Expts. 4, 5, and 10, owing to accident. 

The activities of Hg (a,) in K amalgams at 300° given in Table III have been plotted in 
Fig. 4, together with the values obtained by Millar (/oc. cit.) by the static method. 

Special experiments were performed to measure the partial v. p. at 300° of K over its 34-1 
and 42-8 mols. % amalgams. About 10 times the normal vol. of N was passed over these 
amalgams. From the amount and compn. of the metal distilled and the known partial v. p. 
of the Hg, the partial pressures of K were calculated (see Table IV). 


TABLE IV. 
Amalgam. Hg and K K Hg Partial v. p., mm. 
K, mols. %. distilled, g. _— distilled, g. _—_ distilled, g. Hg. K. 
34:1 0°6471 0:00008 0°6470 9°57 0:0061 
42°8 071858 000066 071852 2-79 0051 


The very low partial pressures of K indicate the presence of almost undissociated compounds 
in the liquid amalgams. Little reliance can be placed on calculations of the compn. and degree 
of dissociation of such compounds from the v. p. data, unless the vol. and heat changes on 
mixing the liquid metals and the effect of their different internal pressures are taken into 
account. 

To obtain a convenient amount of distilled metal for the measurement of the v. p. of amalgams 
containing more than 42 mols. % of K, it was necessary to heat the furnace to about 390° and 
to abandon the check measurements with pure Hg. Particular attention was paid to the 
maintenance of a const. temp. throughout these expts. and the results are given in Table V. 

Attempts were made to analyse the amalgams used in Expts. 9—12 by blowing moist air 
on to samples; since these were unsuccessful (see p. 541), the compositions given in parentheses 
were obtained from the curve shown in Fig. 5, in which the partial pressures of Table V are 


plotted against compn. 
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TABLE V. 
Temp. = 387°5°. 
Expt. Amalgam comp. Metal distilled, g. Partial press., mm. 
K, % by wt. K, mols. °%. Hg. K. Hg. K. 

11-98 41-1 0:2076 0°000442 31°87 0-348 
12°75 42°8 0°1724 0000466 26°68 0°370 
, : 0:1106 0000824 17°34 0°663 
14°67 46°8 0°1103 0-000880 17-29 0-707 
' ’ 0-0828 000134 13-04 1-082 
16°27 50°0 0-0824 0-00132 12-98 1-068 
20-0 561 0°0577 0-00214 9°128 1°736 

“ a 0°0575 0-00203 9-099 

(59'6) 0°0495 000237 7°839 

00491 000230 7°780 

(65-0) 00370 0-00306 5°872 

0-0372 000300 5-902 

72-0 0-0234 0:00366 3-721 

0-0231 0-00357 3°676 

63-3 00412 0-00281 6°552 

0°0410 0-00275 6-504 


Fic. 5. 
Vapour pressure of potassium amalgams at 387°5°. 
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If there is no appreciable amount of a compound of K and Hg in the vapour at 387-5°, then 
the slopes of the partial pressure curves should be connected by the following equation derived 
from Duhem’s equation, 


aN, aN,” Nz” Py 


in which /, and #, are the partial v. p.’s of Hg and K respectively (in mm. of Hg), and N, and N, 
are the corresponding mol. percentages. Then, if the curve for the partial pressures of Hg is 
assumed correct, the slope of that for K may be calculated and compared with the exptl. curve. 
The partial v. p.’s of Hg and K above amalgams of various concns. at 387-5° have been obtained 
from a large-scale plot of Fig. 5 and are given in Table VI, together with the calc. and obs. 
values for the slopes of the partial pressure curve of K. 

The obs. curve is considerably steeper than the calc. This is to be expected if there is a 
considerable amount of a compound of K and Hg present in the vapour; for then, amounts of 
Hg and K corresponding to the partial pressures of Hg, K, and the compound are distilled in 
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TABLE VI. 


dp,/adN,, 
—_——_——, 
calc. obs. 


dp,|dN», 
—, 


aati 
Nz. calc. obs. 


42 


N,. 
58 


P2- 
0°4 


dp,|aNy. Ny. Ny py ap,/aNy. 


0-2 /0°65 
0-2/0-9 
0-2/1-9 


0°59 
0°75 
0°83 


45 
50 


0°58 
1-03 


55 
50 


Pr. 


9 
1 
3 


0°6 
0-7 
0°96 


60 
65 
70 


40 
35 
30 


0°76 
0°59 
0°43 


0°2/5°4 
0-2/6-0 
0-2/6-6 


0°65 0°9 
0°74 0°78 
0°84 0-7 


2 

2 

1 
55 «(15245 sC«9G-—s«0'2/4-0 0°65—:0°94 
the dynamic expts., and spuriously high values for the partial pressures of the two elements 
would be obtained. 

From Janecke’s f. p. curve for K amalgams (Z. physikal. Chem., 1907, 58, 246), the compound 
KHg seems likely to be the most volatile and stable. The small activities of K in amalgams 
containing less than 45 mols. % of K indicate that the more complex compounds are relatively 
non-volatile. 

A similar conclusion confirming the presence of a compound in the vapour may be deduced 
from the activities of Hg and K (a, and a, respectively) in amalgams at 387-5° (Table VII). 
For the calcn. of the activities, the v. p. of K at 387-5° was obtained from Egerton’s equation 
(see Sowerby and Barratt, Proc. Roy. Soc., 1926, A, 110, 190) log pum. = — 4438/T + 7-232, 
and that of Hg from Menzies’s equation (Z. physikal. Chem., 1927, 130, 90) log Pum, = 9°957094 
— 3283-92/T — 0-665240 log T. 

TABLE VII. 


V. p. of K and Hg at 387°5° = 3:25 and 1280 mm. respectively. 
™ Partial press., mm. Partial press., mm. 
A, 
mols. %. 
45 
50 
55 


K, 
mols. %. 
60 


K. 
0°58 
1-00 
1°54 


K. 
2-00 


Hg. 
21-1 
13-0 

9°5 


Ba. 
0°0165 


a. 
0°178 


Hg. 
7°6 


ay. 

0°0059 
00102 0°308 65 59 2°45 0°0046 
0°0074 0°473 70 4:2 2°82 0:0033 

The activities are plotted against the compn. of the amalgams in Fig. 6. 

The activities of K become greater than the ideal values required by Raoult’s law. It is 
considered unlikely that its true activities reach such high values, since such deviations are 
invariably accompanied by correspondingly 
low solubility, and, in the extreme case, lead 
to the separation of two liquid layers. 

An estimation of the true activities of K 
has been made in the following way. From 
Millar’s data (loc. cit.) for amalgams con- 
taining up to 32 mols. % of K, the following 
van Laar type equation for the activities 
of Hg in amalgams at 387-5° has been 
obtained : 


log a,/N, = — 7-1/(1 + 0-82N,/N,)?. 


By application of the Duhem equation, 
the activities of K are given by 
log a,/N, = — 7:1 xX 0-82/(0-82 + N,/N;)?. 

The activities of K thus calc. have been 
plotted in Fig. 6. It is not to be expected 
that these values are accurate, but they 
indicate the order of the activities to be 
anticipated where there is no compound 
present in the vapour. 

Since the calc. activities are considerably lower than the exptl. values, it again appears that 
the partial pressures, and therefore the activities, of K obtained in these expts. are higher than 


the true values owing to the presence of a compound in the vapour above the amalgam at 
387°5°. 


ay. 

0°615 
0°753 
0°867 


Fic. 6. 
Activities of potassium amalgams at 387°5°. 
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SUMMARY. 


An apparatus for the measurement of the vapour pressures of amalgams or alloys by 
the dynamic gas-streaming method at temperatures between 250° and 400° is described. 
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The partial pressures of mercury above cadmium amalgams at 283-5°, above zinc 
amalgams containing up to 56-5 mols. % of zinc at 284°, and above potassium amalgams 
containing up to 42-8 mols. % of potassium at 300° have been measured. 

The partial pressures of potassium and mercury above potassium amalgams containing 
41-1—72 mols. % of potassium at 387-5° have been measured, and from the result it has 
been deduced that a considerable amount of a compound of mercury and potassium, 
probably KHg, is present in the vapour of these amalgams at that temperature. 


Grateful acknowledgment is made of a grant from the Department of Scientific and 
Industrial Research. 
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139. Studies in the Mechanism of Flame Movement. Part III. The 
Speed of Flame in Currents of Mixtures of Methane and Air. 
By H. F. Cowarp and E. H. M. GEorRGEson. 


It was shown by Mason and Wheeler (J., 1920, 117, 1227) that, when a 6-35% methane— 
air mixture was fed through safety gauzes into a tube, the far end of which was open, 


Fic. 1. 


—B=< Co a orererntt— 
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and was ignited near the gauze, the speed of flame was much greater than the sum of 
the speeds of the current and the flame in a still mixture. The results are difficult to 
analyse, for, besides the flame which travelled from the igniting spark in the direction of 
the current of gas, a second flame must have travelled against the current towards the 
gauze. The expansion due to the second flame would accelerate the current in which the 
first flame was travelling. The amount of such acceleration was not ascertainable, and 
therefore the effect of the current primarily imposed could not be isolated from the effect 
of the current due to the second flame. 

Experiments were therefore designed so that only one flame should be propagated in 
the explosive mixture. In one series the mixture was ignited at the open end of a tube, 
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and was at once put into motion by starting a water piston at the far end of the tube. 
In these circumstances the flame travelled in the usual manner from the open towards 
the closed end of a tube; 7.e., a period of uniform movement was followed by vibrations 
which persisted until the flame reached the piston head. 

In another series of experiments the mixture was ignited at the head of a moving 
piston and flame travelled towards the open end of the tube. In such circumstances 
the speed of flame is much higher than in the uniform movement, in parallel experiments, 
on account of the increase in volume during combustion. 


The explosion tube, 2-25 m. long, 2-45 cm. internal diam., was fixed horizontally. In the 
first series of expts. the flanged ignition end, B (Fig. 1), was closed, until a moment before igni- 
tion, by a sliding cover, A, fitted with a tube for the introduction of gas mixtures. The other 
end, bent downwards, terminated at the head of a wide shallow water-tank, C. Interchange- 
able pipe orifices, dipping into a constant-level reservoir, D, served to adjust the rate of flow 
of H,O from the tank, thereby control- 
ling the speed of current of the explosive Fic. 2. 
mixture in the tube. Speed of uniform movement of flame in currents of 

The rate of flow of H,O from the mixtures of methane and air. 
tank, C, under the conditions of the  160;— 
flame expts. was determined from 
measurements of the times of discharge 140) 
of known vols. of water, from C to D, 
under measured press. heads before and Mh 
after the H,O flowed. 

The speed of an explosion was 
obtained by photographing the flame on 
bromide paper mounted on a motor- 
driven rotating drum. The speed of the 
drum during the explosion was recorded 
on the paper by photographs of break- 
sparks produced by a standard tuning- 
fork. A section of the explosion tube 
was of clear quartz, covered with black 
paper with a slit, 26cm. long and 6 mm. 
wide, opposite the camera. 

For each expt. the pipe orifice of the 
tank, C, was closed by a rubber bung, 
the tank was nearly filled with H,O, and 
the explosion tube was then filled with 
a CH,-air mixture by displacement 9 io 4 @ 8 14 
through the central tap of the tank. Methane. per cent. 

When the drum of the camera was 

revolving at const. speed, the sliding cover at the firing end of the tube was gently removed 
and the mixture was ignited by a spark passed between terminals 1-3 cm. within the tube. 
Immediately afterwards, the current of gas was started by removing the stopper of the pipe 
orifice of the tank. 

Preliminary trials proved that there was no difficulty in starting the current of mixture at 
the desired moment. By a slight delay in opening the pipe orifice, it was easy to obtain a 
photograph showing (1) uniform movement of flame in the still mixture, (2) acceleration of 
the flame by the current, and (3) uniform speed of the flame when the current was fully estab- 
lished. The second stage was so short that no curvature was to be seen where the straight- 
line records of stages (1) and (3) met; but the transition was not sharp enough to create 
pressure waves affecting the flame record. 

Mean and Maximum Speeds of Current—Kohlrausch (Ann. Physik, 1914, 44, 297) deter- 
mined the approx. velocity distribution curves, in a tube of 2-98 cm. diam., for currents of 
gas of mean speed from 31 to 225 cm./sec. Similar results being assumed for the 2-45-cm. 
tube used in the present expts., the relative mean and max. speeds of the currents used were : 


Mean speed, CM. /seC. ...........cecceceeee 15 31 45 67 113 200 404 
Maximum (axial) speed (29) 60 78 106 161 265 (531) 
(The figures in parentheses are extrapolations.) 
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Influence of Currents on the Speed of Uniform Movement of Flame.—Fig. 2 shows the influence, 
on the speed of uniform movement of flame in CH,-air mixtures in a 2-45-cm. tube, of im- 
parting to the mixtures mean speeds of 15 and 45 cm./sec. The lowest curve represents 
the speed of uniform movement in still mixtures in the same tube; this is called the normal 
speed, N. The curve N + 15 is the normal speed curve, p/us 15, and therefore represents the 
speeds that would be observed if the speeds of uniform movement in a current of mean speed 
15 cm./sec. were equal to the normal speed plus the mean speed of the current. The curve 
N + 29, similarly drawn, represents the speeds of flame that would be observed if the speeds 




















Fic. 3. 
Effect of currents on the speed of uniform movement of flame in mixtures of methane and air. 
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of uniform movement in the same current were equal to the normal speed plus the maximum 
(axial) speed of current. The flame-speed measurements in the currents were not so closely 
reproducible as those in the still mixtures, but almost all of them lie between the two curves. 
The mean difference in flame speed, due to the current, is 19-5 cm./sec. 

Similar results were obtained in 22 measurements of flame speeds in current speeds of 
31 cm./sec., 14 at 45 cm./sec., 8 at 67 cm./sec., 15 at 113 cm./sec., 13 at 200 cm./sec., and 4 
at 404 cm. /sec. 

Fig. 3 summarises these results. It shows that, for the range of mixtures and speeds of 
current investigated, the average increase in speed of flame due to the current is rather greater 
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than the mean speed of current over the whole section of the tube, and less than the maximum 
(axial) speed of current. 

With care, stream-line flow would occur, in the tube used, at speeds of current below about 
| 130 cm./sec. Turbulent flow occurs at greater speeds. In these expts., stream-line flow was 
probably never obtained; or, if so, it was 





probably not maintained in the vicinity of Fic. 4. 

the flame. Mean speed of vibratory movement of flame in 
Influence of Currents on the Mean Speed currents of mixtures of methane and air. 

of Flame in Vibratory Movement.—In all but 600 a & a 

the slowest-burning mixtures, the uniform zs ¢ 

movement of flame gives place to a vibratory ala 

movement when flame has travelled about 550 a 





} or } of the length of the tube from the 
open to the closed end. During the vibratory 
movement the mean (algebraic) forward 500 
speed of flame is greater than that of the er 

uniform movement. The transition is — , 
usually not sudden, for a gentle undulatory 
movement may be observed, during which 450 
the mean speed of flame is equal to, or less 
than, that of the uniform movement. The 
mean speed of the subsequent vibratory 400 
movement is fairly well reproduced in 
successive expts., but not so closely as the 
speed of uniform movement. 

Measurements which show the influence 
of currents on the mean speed of flame in 
vibratory movement, as the flame passed a 
window in the tube extending between 120 
and 146 cm. from the open end, are plotted 
in Fig. 4. It may be questioned whether a 
fixed part of the tube is a proper choice for 
the comparison, or whether it would be 
correct to employ that part of the tube 
through which the flame passed at an equal - 
interval of time after ignition. In favour 200 
of the latter choice is the supposition that 
in currents of various speeds the uniform 
movement would persist for about equal 
periods of time. Experiment showed that 
this was not so, for in a still mixture the 
uniform movement persisted over a length Sc ~~ N+ 37 
of about 70 cm. during an interval of about 100 . = 
1-1 sec.; but, when currents of 113 and 195 ‘> oe . 
cm./sec. were used, the vibratory movement ° 
was quite definite opposite the window as 50 
placed, although the flame passed the 
window less than 1-1 sec. after ignition. 

The choice of a fixed distance appears 
therefore to be preferable to that of a fixed ° — r — ; 
time after ignition. le 

Fig. 4 shows that, when the more explo- Methane, per cent. 
sive CH,-air mixtures were moving as 
currents in a 1-in. tube, the increase in mean speed of flame during the vibratory movement was 
somewhat greater than the mean speed of the current, but less than the axial speed, when the 
currents were 113, 195, and 404 cm./sec. When the current was 37 cm./sec., the speed of flame 
was not increased by as much as 37 cm./sec. A similar result was obtained in a series of 18 
measurements of the speeds of vibratory movement in a 10% mixture when the current was 
25 cm./sec.; the mean increase in flame speed due to the current was only 7 cm./sec. Fig. 5 
summarises. these results. Although the individual results recorded in Fig. 4 were not so 
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consistent as was desired, the averages for each speed lie close to a straight line drawn on 


Fig. 5. 
Influence of Currents on Rapidly Moving Flames.—The results so far described relate to the 


comparatively slow propagation of flame in mixtures ignited at the open end of a tube closed 


at its other end. An examination was next made of the effect of currents on the much faster 


explosions obtained when mixtures are ignited at the closed end of a tube open at its far end. 
In order to create the desired current, a piston, the face of which formed the closed end 


of the tube, was forced along a short brass firing end of a glass tube 1 m. long and of 2-5 cm. 


Fic. 5. 
Effect of currents on the mean speed of vibratory movement of flame in mixtures of methane and air. 
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internal diam. The gas mixture was fired by means of a spark gap on the head of the piston; 
a spark was produced automatically when the piston had travelled 4 cm. along the firing 
piece. 
The mechanical difficulties of imparting a uniform speed to the piston were considerable, 
and attempts to create a uniform current of the order of the explosion speeds (20—40 m./sec.) 
were failures. Uniform currents of 35, 70, and 150 cm./sec. were, however, ultimately pro- 
duced. The piston was drawn along the tube by two flexible cords, external to the tube, 
attached to a light frame-work moving in guides. These cords were then strung through 
two holes in a brass ring cross-head. A loop of thread was passed through two other holes in 





Specific Heats of Aqueous Solutions of Potassium n-Octoate at 15°. 551 


the ring, and to this loop was attached a single line, tightly knitted in a small cylinder, with 
its far end wound on a bobbin driven by a 0-25 h.p. Century motor. When the motor was 
started from rest, it first unravelled several yards of the line. Then, when the motor had 
attained its full speed, the piston was pulled forward. Rigidly attached to the piston-rod 
was a pen which registered the speed of the piston by tracing a path on paper mounted on a 
revolving drum. These records showed that for the first 2 or 3 cm. of travel there was a some- 
what jerky acceleration, but that afterwards the forward motion of the piston was sensibly 
constant. 

Direct photography of the flames of these fast explosions was impossible, for their actinic 
value is small, but good shadow photographs were obtained on a revolving-film camera. These 
showed that, while the piston was moving uniformly, or when it was stationary, the flame 
travelled with sensibly uniform speed in any one expt. over most of the length between 11 
and 30 cm. from the piston head. Thereafter the flame halted momentarily, and then com- 
pleted its passage in a series of rapid forward movements alternated with halts. Each photo- 
graph showed a complicated flame surface during the halt period. It was, therefore, not 
surprising to find that the flame-speed measurements, even in the forward movement, were 
far from being accurately reproducible. The differences in flame speeds observed in expts., 
repeated under apparently the same conditions, were much greater than the speeds of current 
used. The only conclusion that can be drawn, from 118 expts., is that the speed of the flame 
was not far greater than the sum of the speed of the current and the speed of flame in the 
absence of a superimposed current. This limited conclusion is, however, of some value, for 
it supports the interpretation, given in the opening paragraph of this paper, of the very high 
speeds observed by Mason and Wheeler (/oc. cit.) in the conditions of their expts. with currents 
of gases. Moreover, it is a reasonable conclusion, for in the conditions of our expts. with 
rapid flames, the expanding gaseous products created such a current that the superposed 
currents can have made relatively little difference to the speed of the medium near the flame. 


SUMMARY AND CONCLUSIONS. 


The speeds of flame in various mixtures of methane and air moving as currents in a 
glass tube 2-45 cm. in diameter have been determined. Special devices were used to ensure 
that flame should travel in only one direction along the tube. 

The results show that in the propagation of flame from the open to the closed end 
of a tube, the increase in speed of uniform movement due to the current was greater than 
the mean speed of current, but less than the axial speed. The increase in mean forward 
speed during the vibratory movement was in general somewhat greater than the mean 
speed of current, but less than the axial speed; for small currents, however, the increase 
in speed was less than the mean speed of current. 

In the propagation of flame from the closed to the open end of a tube, the speed of 
flame is high and the results were irregular; but the effect of the current was not to 
increase the speed of flame inordinately. 


The authors thank the Safety in Mines Research Board for permission to publish this 
communication. 
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140. Specific Heats of Aqueous Solutions of Potassium n-Octoate at 15°. 
By D. Gwynne Davies. 


In a previous paper (Bury and Davies, J., 1932, 2413) it was pointed out that the specific 
heat-concentration curves of aqueous solutions afford evidence of the existence of micelles 
in such solutions. It seemed of interest, therefore, to investigate the corresponding curve 
for an aqueous solution of a soap, and the specific heats of solutions of potassium -octoate 
in water have accordingly been measured, this particular soap being selected for reasons 
already given by Davies and Bury (J., 1930, 2263). 
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The solutions were prepared, and their concns. determined, as described by Davies and 
Bury (ibid.). The sp. heats were measured with an accuracy of 0-1% by the differential method 
described by Bury and Davies (loc. cit.). 
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The results are in the table, and sp. heats (C) are plotted against concns. (X = g. of soap per 
100 g. of solution) in the fig. The sp. heats are mean values over a range 13-5—16-5° relative 
to H,O (= 1) over the same range of temp. 


Be FY cocccccvcccsccsessers 19°86 14°88 10°83 8°936 7°897 7°535 7°000 
C  cecvccccccccccsccccecece 0°8901 0°9305 0°9666 0°9787 0°9825 0°9844 0°9853 
Mig Bp wiecitercéesssicccers 6°489 5-940 5°492 5-000 3°927 2°842 1°864 
| eeetessdcnwtenvendeanees 0°9857 0°9852 0°9857 0°9877 0°9908 0°9930 0°9957 


In the earlier paper it was indicated that the shape of the specific heat-concentration 
curve might be affected by micelle formation in two distinct ways: (1) if the contribution 
of the micelles to the total specific heat is less than that of the simple molecules which 
compose it, the specific heat-concentration curve will exhibit a sudden change of slope at 
the critical concentration for micelles (see Fig. 3A, J., 1932, 2416); (2) if heat is absorbed 
or evolved when micelles are formed there will be a sudden increase in the specific heat at 
the critical concentration for micelles (see Fig. 3B, ibid.). If the heat of micelle formation 
at the temperature of the specific-heat determinations is very small, the second effect may 
be absent, as was found with aqueous butyric acid solutions. On the other hand, if the 
heat of micelle formation is sufficiently great, the two effects may occur together. 

It is clear from the figure that both these effects occur in aqueous solutions of potassium 
n-octoate at 15°. The specific heat-concentration curve is almost linear up to a concen- 
tration of about 6% of soap, where an increase in the specific heat occurs which results in 
the graph becoming nearly parallel to the axis of concentration over the range 6—8%. 
The last portion of the curve, from 10 to 20%, is again linear, but has a greater slope than 
the first part. Moreover, these effects occur in the neighbourhood of 7-5% of soap, a 
value for the critical concentration for micelles in agreement with those deduced from 
freezing-point measurements (McBain, Laing, and Titley, J., 1919, 115, 1279), dew-point 
measurements (see Randall, McBain, and White, J. Amer. Chem. Soc., 1926, 48, 2517), and 
the density determinations of Davies and Bury. Although for butyric acid the specific 
heat-concentration curve showed only an abrupt change of slope in the neighbourhood of 
the critical concentration for micelles, the presence of the two effects discussed above is 
to be expected in the case of the soap solutions considered here, since the critical concen- 
tration for micelles is more markedly dependent on the temperature in the case of the soaps 
than in that of butyric acid. 


I thank Mr. C. R. Bury for suggesting this work and for valuable advice. 
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141. Aromatic Tropane Derivatives. Part I. Derivatives of 8: 9-Benz- 
A*'*-homogranatene. 


By B. K. Biounrt. 


THE application of Robinson’s tropinone synthesis to aromatic dialdehydes should give a 
number of interesting new ring systems. Suitable aromatic dialdehydes can now be 
obtained from the corresponding glycols by oxidation with lead tetra-acetate (Criegee, 
Ber., 1931, 64, 260). 


/\___cH-—CH 
phe ) oe ( yw Ga, Na 
hes be sl 
H, \CH,*CH,‘CHO Se 1 . on 
my CH,-CH—CH, 
(II.) (III.) (IV.) 


Titration experiments of Criegee show that ¢vans-tetrahydronaphthalene-1 : 2-diol (I) 
reacts normally with lead tetra-acetate, but the dialdehyde (II) which should be produced 
has not been isolated. This reaction has now been adapted to preparative purposes. 

Several methods have been described for the preparation of both cis- and trans-tetra- 
hydronaphthalene-1 : 2-diol usually designed to give one or other isomeride in the pure 
state. For the present purpose a mixture of both forms was equally useful, since the 
stereoisomerism disappears when the ring is broken, and such a mixture has been obtained 
by a modification of the method of Straus and Lemmel (Ber., 1921, 54, 25) with increase 
in yield and convenience. The initial material in this synthesis is 1 : 2-dibromotetra- 
hydronaphthalene, which was prepared by Straus and Lemmel from A!-dihydronaphthalene. 
These authors mention a patent of von Braun (D.R.-P. 316218) describing the preparation 
of this dibromide by the direct bromination of tetralin, but reject the method on account 
of the poor yield, and for other reasons. Von Braun specifies bromination between 100° 
and 140°, and if the upper limit is approached it is not surprising that the yields are un- 
satisfactory, for Straus and Lemmel have shown that the dibromide decomposes readily 
above 130°, losing hydrogen bromide and forming 1-bromo-A!-dihydronaphthalene. It 
has now been found that a workable yield is obtained by carrying out the reaction 
rapidly at 95—100°, and this method is greatly to be preferred to that of Straus and 
Lemmel. 

When oxidised in warm benzene solution with lead tetra-acetate, the glycol (I) was 
smoothly converted into the dialdehyde (II), isolated as an oil which was characterised as 
the dioxime. The crude dialdehyde was condensed with calcium acetonedicarboxylate 
and methylamine, and, after acidification and heating, yielded 8 : 9-benz-A8:*-homo- 
granaten-3-one * (III) in approximately 20% yield. It is interesting to note the similarity 
in ring system between this compound and cytisine (IV) (Ing, J., 1932, 2778). 

The ketone (III) was reduced by means of sodium and butyl alcohol to the alcohol 
(V, R = H), to which the prefix ¢ is attached since it doubtless corresponds to ¥-tropine. 
Benzoylation of this compound gave the analogue of tropacocaine, benzoyl--8 : 9-benz- 
As: *®-homogranaten-8-ol (V, R = Bz); this forms a characteristic hydrobromide, which is very 
sparingly soluble in water and displays local anesthetic properties when placed on the tongue. 


* Nomenclature in the tropane group is somewhat confused. It is proposed to refer compounds of 
this type to the ring systems : 
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The pharmacology of these substances is being investigated by Professor Gunn and Dr. 
Rao of the University Department of Pharmacology. 


7 —. =. 


O dpe CH-OH Com ve 
Auto CX \’| NMe CO 
CH, NMe oo CH,CHO t 
CH,-CH: 
Hy <= H, Mi (VII.) (VIL) 
(V.) 


It has been shown (Blount and Robinson, this vol., p. 555) that the dialdehyde (VII) 
can be prepared from hydrindenediol (VI), but it appeared unlikely that this compound 
could be used to prepare 7 : 8-benz-A7*8-granaten-3-one (VIII) in a similar way, since it 
should be converted preferentially into 2-methylisoquinolinium hydroxide by the action 
of methylamine. The reaction, carried out in the usual way, gave an oil which yielded a 
sparingly soluble picrate identified as 2-methyltsoquinolinium picrate. 


EXPERIMENTAL, 


1 ; 2-Dibromo-1 : 2: 3 : 4-tetrahydronaphthalene.—To tetralin (135 c.c.), heated to 80° in a 
flask with an efficient reflux condenser, Br (120 c.c., i.e., 10% excess) was added below the 
surface as rapidly as was possible without loss of the HBr evolved. The temp. was main- 
tained at 95—100°, at first by occasional cooling, later by warming. Towards the end of the 
reaction some loss of Br was unavoidable without undue slowing of the reaction (hence the 
excess used). The dark brown reaction mixture began to crystallise at 0° when stirred, and 
petroleum (b. p. 60—80°, equal vol.) was added. After being kept at 0° over-night, the solid 
was collected, pressed as dry as possible, and recrystallised from petroleum (b. p. 60—80°). 
Yield, 80—90 g. of nearly colourless crystals, m. p. 71—72°. 

Tetrahydronaphthalene-1 : 2-diol—The above dibromide (87 g.), ACOK (150 g.), and AcOH 
(200 c.c.) were heated on the water-bath with frequent shaking for 1 hr., and then gently refluxed 
in an oil-bath for 12 hr. When the cooled reaction mixture was poured into H,O, a brown oil 
separated, which was taken up in a little Et,O0. The extract was washed with K,CO, aq. and 
evaporated without drying, and to the residue KOH (70 g.) in H,O (70 c.c.) was added. 
Hydrolysis proceeded with evolution of heat, and was completed by warming on the water-bath 
for lhr. After collection in Et,O, drying, and evaporation, the dark oil was distilled in a high 
vac. The distillate crystallised at once when mixed with hot C,H,, and, after cooling, was 
collected. Yield, about 25 g. of a colourless mixture of cis- and tvans-tetrahydronaphthalene- 
1 : 2-diol. 

8-(o-Formylphenyl)propaldehyde (II).—Tetrahydronaphthalene-1 : 2-diol (1-6 g.) was dis- 
solved in boiling C,H, (30 c.c.), a little solvent distilled off to ensure a dry solution, and cooled 
to about 50°. Pb(OAc), (4:4 g.) was added gradually during 5 min., with constant shaking, and 
the mixture heated to boiling, cooled, and filtered from Pb(OAc),. Evaporation of the filtrate 
in vac. gave the dialdehyde as a colourless oil with an odour recalling that of acetophenone and 
also of the aliphatic dialdehydes. (An attempt to distil the substance in vac. caused darkening 
and much resinification.) The dialdehyde was dissolved in EtOH (13 c.c.), and NH,OH,HCI 
(3 g.) and Na,CO, (3 g.) in H,O (13 c.c.) added. After 2 hrs.’ refluxing, boiling H,O (20 c.c.) 
and a little charcoal were added and the liquid was filtered. Oncooling, the dioxime separated ; 
recryst. from 25% EtOH aq,., it formed rosettes of thick colourless needles, m. p. 116° (Found : 
C, 62-4; H, 6-2. C,H,,0,N, requires C, 62-5; H, 6-2%). 

8 : 9-Benz-A8:9-homogranaten-3-one (III).—The dialdehyde (from 6-4 g. of the glycol), dis- 
solved in EtOH (60 c.c.), was mixed with a solution obtained by neutralising acetonedicarb- 
oxylic acid (10 g.) in H,O (60 c.c.) with pptd. CaCO, (12-5 g.), and MeNH, aq. (25 c.c. of 33%) 
added gradually with constant shaking during 20 min. After 15 hr., the solution was made 
acid to Congo-red with conc. HCl and boiled until no more CO, was evolved. To the cooled 
solution, KOH aq. (rather more than equiv. to the HCl) was added, followed by (NH,),C,O, 
aq. (15 g.), and the liquid filtered. The ppt. was washed with EtOH and with Et,O, and the 
filtrate extracted several times with the latter solvent. The basic material was removed from 
the extracts by means of 3N-HCI, recovered, and crystallised from a little EtOH, yielding the 
desired base, which was recrystallised from H,O. From the H,O mother-liquor more was re- 


























555 


covered as picrate, and a further quantity was obtained by pouring the alc. mother-liquors into 
boiling H,O, clarifying the solution with charcoal, and ppting. the picrate with picric acid. The 
latter crop was rather sticky, but was obtained almost pure by washing withacetone. 8 : 9-Benz- 
A8:9_homogranaten-3-one forms colourless six-sided plates, m. p. 125° (Found: C, 78-6; H, 7-8; 
N, 6-6. C,,H,,ON requires C, 78-1; H, 7-9; N, 65%). Yield, 0-9 g. of free base, and 1-5 g. 
of picrate. A longer time of reaction diminished the yield. The picrate is sparingly sol. in most 
solvents, and crystallises from ethoxyethyl acetate in yellow needles, m. p. 204° (decomp.) 
(Found: C, 54:2; H, 4:5; N, 12-7. C.»H »O,N, requires C, 54-1; H, 4-5; N, 126%). The 
hydrobromide crystallised from EtOH, in which it is sparingly sol., in transparent oblique 
prisms, m. p. 235° (decomp.) (Found : Br, 26-7. C,,H,,ON,HBr requires Br, 27-0%). Attempts 
to obtain a cryst. dipiperonylidene derivative of this base were unsuccessful. Under the usual 
conditions an orange-coloured amorphous product resulted, which gave the colour reactions of a 
monopiperonylidene compound. Reference to models indicated that there might be a stereo- 
chemical explanation for this. 

y-8 : 9-Benz-A8:9-homogranaten-3-ol (V, R = H).—The above ketone (0-43 g.) was reduced 
by means of Na (0-5 g.) and boiling dry »-BuOH (10 c.c.). After acidification, and removal 
of the BuOH in steam, addition of NH, aq. pptd. the reduction product as a gum, which soon 
solidified. y-8 : 9-Benz-A8:9-homogranaten-3-ol exhibits a considerable tendency to separate 
from solution as a resin, but could be satisfactorily recrystallised from wet C,H, as the mono- 
hydrate, short colourless prisms, which loses its water and melts indefinitely at 105—110° 
(Found : C, 71-7; H, 8-9; N, 6-4. C,,H,,ON,H,O requires C, 71-5; H, 8-9; N, 6-0%). 

Benzoyl-y-8 : 9-benz-A8:*-homogranaten-3-ol (V, R = Bz).—The crude alcohol (from 0-43 g. 
of ketone), benzoic anhydride (0-5 g.), and H,O (2 c.c.) were heated together on the water-bath. 
At intervals of 40 min. two further portions of benzoic anhydride (each 0-5 g.) were added, the 
heating being continued for 2 hr. in all. After the product had been shaken with dil. HCl aq. 
and Et,O, addition of NH, aq. to the aq. layer gave a sticky ppt. of the benzoyl compound, which 
crystallised from EtOH aq. in colourless rhombs, m. p. 98° (Found: C, 78-7; H, 7:2; N, 4-7.. 
C,,H,,;0,N requires C, 78-5; H, 7:2; N, 4:-4%). Yield, 0-30 g. (47%); a further quantity was 
isolated from the mother-liquors as the hydrobromide. This salt is sparingly sol. in EtOH and 
H,0O, and separates from the latter in compact irregular crystals, m. p. 257° (Found: Br, 19-6. 
C,,H,,;0,N,HBr requires Br, 19-9%). The hydrobromide proving inconveniently sparingly 
sol. for pharmacological work, the hydrochloride was also prepared: it crystallised from EtOH 
in small compact crystals, m. p. 258° (decomp.) (Found: N, 4:1. C,,;H,,;0,N,HCl requires 
N, 39%). 

The condensation of homophthalaldehyde (VII) with calcium acetonedicarboxylate and 
methylamine was carried out in an analogous manner, and yielded finally a dark-coloured oil. 
A solution of this in acetone gave a sparingly sol. picrate which after several crystns. from the 
same solvent formed long yellow plates, m. p. 164—165°, not depressed by admixture with a 
specimen obtained from isoquinoline methiodide. Giua and Giua (Gazzetta, 1921, 51, i, 313; 
cf. Kohn and Grauer, Monaish., 1913, 34, 175) give m. p. 161—162°. 


The author thanks the Ramsay Memorial Fellowship Trustees for a fellowship. 
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isoBenzpyrylium Ferrichloride. By B. K. BLount and RoBERT ROBINSON. 


THE unsubstituted pyrylium analogues of pyridinium and isoquinolinium salts have not yet 
been described, although Decker and von Fellenberg (Amnnalen, 1907, 356, 281) have reported 


Cl Cl 
O ‘O 
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the preparation of benzpyrylium chloride (I), the simplest substance of the type analogous to 
quinolinium salts. Any glutacondialdehyde, or related ketone, or a derived enol should afford 
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a pyrylium salt on treatment with a mineral acid, but we have not yet found the correct con- 
ditions for the conversion of glutacondialdehyde itself (Baumgarten, Ber., 1926, 59, 1166) into 
pyrylium chloride (III). 

On the other hand, the isobenzpyrylium ferrichloride (II) has been obtained without difficulty 
by the action of hydrogen chloride and ferric chloride on homophthalaldehyde. 

The latter substance was not isolated, but the crude product of the oxidation of tvans-1 : 2- 
hydrindenediol by Criegee’s method (Ber., 1931, 64, 260; cf. Dimroth and Schweizer, Ber., 
1923, 56, 1375) was directly employed. 

Treatment of the salt with ammonia affords isoquinoline. 

isoBenzpyrylium Ferrichloride (I1)—A mixture of trans-1 : 2-hydrindenediol (4-5 g.) and 
C,H, (100 c.c.) was distilled until 10 c.c. was collected. The dry mixture, containing glycol 
in suspension, was treated near its b. p. with Pb(OAc), (13-3 g.) during 5 min. and constantly 
shaken. After boiling for a few sec. to ensure completion of the reaction, and cooling, the 
Pb(OAc), was filtered off and the clear solution conc. in vac. The oily residue, dissolved in 
AcOH (20 c.c.), was cooled while a solution, obtained by adding anhyd. FeCl, (8 g.) to ACOH 
(12 c.c.) and saturating it with HCl, was added. Considerable heat was evolved and the iso- 
benzpyrylium salt separated at once in flat yellow needles. It was washed with AcOH and Et,O 
(yield, 7-5 g., or 76%) (Found: C, 32-1; H, 2-6; Cl, 42-4. C,H,OCI,Fe,}H,O requires C, 
32-0; H, 2-4; Cl, 42-0%). 

The substance decomposed at 205—208°. Its solution in boiling AcOH rapidly darkened, 
and a pure product was not obtained on recrystn. from this solvent. <A trace of the substance 
dissolves in conc. H,SO, to a colourless solution exhibiting intense violet fluorescence. NH, 
aq. (5 drops of d 0-880) was added to the ferrichloride (1 g.), along with H,O (1 c.c.), and the 
mixture warmed on the steam-bath for 1 min.; the characteristic odour of isoquinoline was 
observed. Solid KOH (2 g.) was added, and the mixture distilled in steam. The milky dis- 
tillate was heated to boiling, hot aq. picric acid added, and, after cooling, the ppt. collected 
and recryst. from H,O: m. p. 222°, alone or mixed with an authentic specimen (Found: N, 
16-0. Calc. for C,,;,H,,0,N,: N, 15-6%).—Tue Dyson PERRINS LABORATORY, OXFORD UNI- 
VERSITY. [Received, March 9th, 1933.] 





Organic Compounds of Boron. By THomMas THOMSON and THoMaAs S. STEVENS. 


AccorRDING to modern theories, the group BR, must represent a univalent anion. Attempts, 
however, to prepare salts of the type [BR,]M, where R is a hydrocarbon radical, by heating 
trimethylboron with ethyl-lithium, phenyl-lithium, methylsodium, ethylsodium, or benzyl- 
sodium, and triphenylboron with all except the first and last of these, at temps. up to 120°, 
were unsuccessful. In each expt. the part of the reaction product insol. in the inert solvent 
used (frequently ligroin) was free from B. Schlenk’s technique was generally followed in the 
prepn. and manipulation of the alkali-organic compounds. 

When heated in ligroin at 120°, ethyl-lithium yielded a solid which on hydrolysis gave nearly 
pure H corresponding to a content of 50% of lithium hydride. Ethylsodium decomposes 
similarly (Carothers and Coffman, J. Amer. Chem. Soc., 1929, 51, 588). 


The authors are indebted to the Carnegie Trustees for a Teaching Fellowship held by one 
of them (T.S.S.) and for a Research Scholarship held by the other (T. T.)-—-THE UNIVERsITYy, 
Giascow. [Received, February 8th, 1933.]} 





The Methylation of Ethyl «8-Dimethylglutaconate. By JOHN PACKER and JoHN D. SARGENT. 


AccorDING to Thorpe and Wood (J., 1913, 103, 1759) the so-called “‘ labile ’’ ethyl «8-dimethyl- 
glutaconate, prepared by the action of NaOEt and Mel on ethyl isodehydracetate (Bland and 
Thorpe, J., 1912, 101, 1557), undergoes methylation to ethyl «®y-trimethylglutaconate when 
treated with alc. NaOEt and Mel at room temp. for 3 hr., and the latter ester yields on 
hydrolysis aSy-trimethylglutaconic acid, m. p. 127°. On the other hand, Feist and Beyer 
(Annalen, 1906, 345, 117) state that they could not introduce a methyl group into the af-ester. 

The present authors could not methylate “ labile”’ ethyl «®-dimethylglutaconate to any 
appreciable extent by treatment with ethyl- or methyl-alc. NaOEt or NaOMe respectively 
and Mel in the cold, at the b. p., and heated under press. in an autoclave, «8-dimethylglutaconic 
acid being the only cryst. product isolated after hydrolysis of the resultant ester. Methylation, 
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however, was readily effected as follows : The af-ester (1 mol.) in Et,0 was added to dispersed 
Na (1 atom) in dry Et,O and Mel was added carefully, finally in excess, to the orange-yellow 
sodium derivative formed. Nal separated with evolution of heat and the reaction was com- 
pleted by warming on the steam-bath for } hr. The resultant ester, b. p. 136—138-5°/20 mm., 
was mainly, if not wholly, ethyl a«$-trimethylglutaconate: it is likely that no appreciable 
quantity of ethyl afy-trimethylglutaconate was formed, since no ethyl pyruvate could be 
detected amongst the products of oxidation with neutral KMnQ,. 

Hydrolysis of the ester with boiling 10% HCl gave a mixture, m. p. 96—100°, of cis- and 
tvans-aaB-trimethylglutaconic acids (Found: C, 55:8; H, 6-9. Calc. for CgH,,0,: C, 55:8; 
H, 7-0%), partly separable into two fractions by crystn. from C,H, or Et,0. The mixture of 
acids, boiled with AcCl containing 5% PCl;, gave (50% yield) the anhydride of cis-a«$-tri- 
methylglutaconic acid, m. p. 106—107° (Found: C, 62-2; H, 6-7. Calc. for CgH,,03: C, 
62-3; H, 6-5%) (see Perkin and Thorpe, J., 1897, 71, 1185). The anhydride gave no colour 
with FeCl,, further proving it not to be the hydroxy-anhydride of «$y-trimethylglutaconic 
acid, which melts at 119° (Rogerson and Thorpe, J., 1905, 87, 1705). Distillation under reduced 
press. of the ammonium salts of the mixed acids yielded no trace of 2 : 6-dihydroxy-3 : 4: 5- 
trimethylpyridine, which is formed by the distillation of ammonium «$y-trimethylglutaconate 
(Rogerson and Thorpe, /oc. cit.). 

Hydrolysis of the trimethylglutaconic ester with boiling 20% aq. KOH appeared to go in 
two stages, one portion of the ester being more readily hydrolysed than the other. The acid 
obtained from the more readily hydrolysed portion would not crystallise, but that from the 
other portion crystallised readily from Et,O and had m. p. 147—148° after recrystn. from 
H,O (Found: C, 56-1; H, 7:3. Calc. for CgH,,O,: C, 55-8; H, 7:0%). It was proved to 
be tvans-a«8-trimethylglutaconic acid by direct comparison with a specimen of this acid 
synthesised by the method of Perkin and Thorpe (J., 1897, 71, 1182) from dimethylacetoacetic 
ester and bromoacetic ester—CANTERBURY UNIVERSITY COLLEGE, NEW ZEALAND. {Received, 
April 7th, 1933.] 
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The Refractive Dispersion of Eugenol and isoEugenol. By GARTHA THOMPSON. 


THE author has already located the absorption bands of eugenol and isoeugenol at 2820 and 
2610 A.U. respectively (J., 1923, 123, 1596). The following values are now given for the 
refractive indices of the two isomerides at 20° (cf. Eykman, Ber., 1890, 23, 855). 


Eugenol. iso- Eugenol. iso- 
Wave-length. Series1. Series2. Eugenol. Wave-length. Series 1. Series 2. Eugenol. 
Li 6708 1-5349 1°5350 1:5647 Cd 5086 15506 15506 15861 
Cd 6438 1°5366 1°5368 1°5671 Cd 4800 1°5554 1°5554 1:5929 
Na 5896 1°5411 15412 15728 Cd 4678 15579 15580 1-5964 
Hg 5789 15419 1-5421 1:5742 Hg 4359 15655 1-5655 16077 
Hg 5461 15454 1-5455 15789 


[Received, February 3rd, 1933.] 
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however, was readily effected as follows: The af-ester (1 mol.) in Et,O was added to dispersed 
Na (1 atom) in dry Et,O and Mel was added carefully, finally in excess, to the orange-yellow 
sodium derivative formed. Nal separated with evolution of heat and the reaction was com- 
pleted by warming on the steam-bath for } hr. The resultant ester, b. p. 136—138-5°/20 mm., 
was mainly, if not wholly, ethyl a«$-trimethylglutaconate: it is likely that no appreciable 
quantity of ethyl «fy-trimethylglutaconate was formed, since no ethyl pyruvate could be 
detected amongst the products of oxidation with neutral KMnQ,. 

Hydrolysis of the ester with boiling 10% HCl gave a mixture, m. p. 96—100°, of cis- and 
tvans-aa-trimethylglutaconic acids (Found: C, 55-8; H, 6-9. Calc. for CgH,,0,: C, 55:8; 
H, 7:0%), partly separable into two fractions by crystn. from C,H, or Et,0. The mixture of 
acids, boiled with AcCl containing 5% PCl,, gave (50% yield) the anhydride of cis-x«-tri- 
methylglutaconic acid, m. p. 106—107° (Found: C, 62-2; H, 6-7. Calc. for CgH,,O0,: C, 
62-3; H, 65%) (see Perkin and Thorpe, J., 1897, 71, 1185). The anhydride gave no colour 
with FeCl,, further proving it not to be the hydroxy-anhydride of «$8 -trimethylglutaconic 
acid, which melts at 119° (Rogerson and Thorpe, J., 1905, 87, 1705). Distillation under reduced 
press. of the ammonium salts of the mixed acids yielded no trace of 2: 6-dihydroxy-3 : 4: 5- 
trimethylpyridine, which is formed by the distillation of ammonium afy-trimethylglutaconate 
(Rogerson and Thorpe, /oc. cit.). 

Hydrolysis of the trimethylglutaconic ester with boiling 20% aq. KOH appeared to go in 
two stages, one portion of the ester being more readily hydrolysed than the other. The acid 
obtained from the more readily hydrolysed portion would not crystallise, but that from the 
other portion crystallised readily from Et,O and had m. p. 147—148° after recrystn. from 
H,O (Found: C, 56-1; H, 7-3. Calc. for CgH,,0,: C, 55-8; H, 7:0%). It was proved to 
be tvans-a«8-trimethylglutaconic acid by direct comparison with a specimen of this acid 
synthesised by the method of Perkin and Thorpe (J., 1897, 71, 1182) from dimethylacetoacetic 
ester and bromoacetic ester—CANTERBURY UNIVERSITY COLLEGE, NEW ZEALAND. [Received, 
April 7th, 1933.] 





The Refractive Dispersion of Eugenol and isoEugenol. By GARTHA THOMPSON. 


Tue author has already located the absorption bands of eugenol and isoeugenol at 2820 and 
2610 A.U. respectively (J., 1923, 123, 1596). The following values are now given for the 
refractive indices of the two isomerides at 20° (cf. Eykman, Ber., 1890, 23, 855). 


Eugenol. iso- Eugenol. iso- 
Wave-length. Series 1. Series 2. Eugenol. Wave-length. Series1. Series 2. Eugenol. 
Li 6708 1-5349 15350 15647 Cd 5086 1°5506 1-5506 15861 
Cd 6438 15366 1-5368 1-5671 Cd 4800 1-5554 15554 15929 
Na 5896 15411 15412 1°5728 Cd 4678 15579 15580 15964 
Hg 5789 15419 1°5421 1°5742 Hg 4359 1-5655 1-5655 1:6077 
Hg 5461 1°5454 15455 1-5789 


[Received, February 3rd, 1933.] 





142. Investigations of the Olefinic Acids. Part VII. The Preparation 
of A’-Acids. 


By R. P. Linsteap, E. G. NoBLE, and (in part) E. J. BooRMAN. 


RECENT interpretations of such processes as tautomeric change and the additive reactions 
of olefins on an electrochemical basis assume that the ethylenic double bond is capable of 
polarising at demand. The present group of papers (Parts VII to XI) provides, it is 
believed, an independent proof of this capacity and illustrates both the influence of alkyl 
groups in determining the direction of this polarisation and its result in additive reactions. 

The proof of the polarisability of the double bond is provided by a series of measure- 
ments of an electrical quantity, namely, the conductivity of unsaturated acids (Part VIII) ; 
and a comparison between the dissociation constants of a series of such acids indicates the 
relative capacities of the double bonds for anionoid polarisation away from the carboxyl 


~v)\ 
group: C——Cé+ ~~~~~~~~~~- CO,H. 
PP 
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The obvious assumption is next made that the acids with a high capacity for this 
process of adjustment are those in which the normal preferred direction of polarisation of 
the double bond (i.e., that operative in reactions in which it behaves purely as if in an 
olefin) is more in this direction than it is in acids with a lower capacity for such adjustment. 
It then becomes possible to anticipate the orientation of the addition of molecules of the 
type of hydrogen bromide to the various acids; for those containing a double bond which 
normally polarises away from the carboxyl group will be those tending under suitable 
conditions to add the negative end of the addendum towards this group, and vice versa. 

Parts IX, X, and XI illustrate the orientation of heterogeneous addition to the acids; 
and the present paper is concerned with some necessary preliminary preparative work. 


The principal methods which have been used for the preparation of A®-olefinic acids are 
exemplified in the following scheme: (1) Fittig, Annalen, 1889, 255, 1; (2) idem, ibid., 
1872, 161, 309; 1880, 200, 21; (3) Eccott and Linstead, J., 1929, 2153; (4) Boxer and 
Linstead, J., 1931, 740; (5) Riiber, Ber., 1905, 38, 2743; Kon and Speight, J., 1926, 2727. 


() CH,R-CH-CH(CO,H)-CH, . CHR‘:CH-CH:CH-CO,H (I1,) 
O CO y 





a 
2 @) | +H, 


(I1I.) CH,R*CH,*CH:CH’CO,H meena CH,R-CH:CH’CH,°CO,H Iv.) 
yo-7 4 


Pall 0] 0, 
o) 
CH,R-CH,*CHO + CH,(CO,H), CH,R:CH,*CH:C(CO,H), Vv.) 


The comparative value of the methods for the preparation of A®-olefinic acids with 
unbranched chains has now been examined, and it may be presumed that the results are 
applicable to acids substituted by alkyl at the 8-carbon or beyond. For this purpose, the 
preparation of A*-n-hexenoic, -pentenoic, and -butenoic acids has been studied. 

Aé-n-Hexenoic Acid (IV, R = Me).—Eccott and Linstead and Boxer and Linstead (locc. 
cit.) have shown that methods (2) and (5) are unsatisfactory for the synthesis of this sub- 
stance, and (3) and particularly (4) give better results. Using method 1, Fittig and Delisle 
(Annalen, 1889, 255, 56) obtained an acid, liquid at —18°, which gave a #-toluidide, m. p. 
95-5° (Fichter and Pfister, Ber., 1904, 37, 1997). We, by the same method, have obtained 
an acid, m. p. —0-5° to +2-5°, which has a low iodine addition (46%) and therefore con- 
tains 20—25% of the A*-isomeride. 

The triethanolamine method (4) for the preparation of the acid from malonic acid and 
n-butaldehyde has in our hands given reproducible yields of over 40% of an acid of constant 
properties; there is no appreciable formation of an isomeric acid and “ purification” of 
the solid acid by partial esterification leaves its properties unchanged. The principal 
sources of loss arise from the auto-condensation of the aldehyde, and from its condensation 
with two molecules of malonic acid to yield B-n-propylglutaric acid. Possibly the formation 
of this glutaric acid proceeds by an addition of malonic acid to A*-unsaturated material, 
which would account for the remarkable absence of the latter from the unsaturated products 
of the reaction. 

Af-n-Pentenoic Acid (IV, R = H).—The methods of Fittig and co-workers (Amnnalen, 
1889, 255, 27; 1894, 283, 66, 83) give mixtures, but almost pure A®-acid was prepared by 
Goldberg and Linstead (J., 1928, 2343) and Burton and Ingold (J., 1929, 2022) by a 
modification of Thiele and Jehl’s method (Ber., 1902, 35, 2320). In none of these cases 
was the acid obtained in a solid form. 

The triethanolamine method of Boxer and Linstead (loc. cit.) has now been developed 
to yield pure A*-n-pentenoic acid, m. p. +-1°, in about 35% yield. The acid prepared from 
the crystalline dibromide by Burton and Ingold’s method is almost identical with this and 
melts at +0-5°. As with the higher homologue, the reaction between propaldehyde and 
malonic acid in the presence of triethanolamine gives rise to some 30% of the corresponding 
glutaric acid. 
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Af-n-Butenoic Acid, CH,-CH*CH,*CO,H.—This acid can only be prepared in poor yield 
and doubtful purity by the general methods already mentioned. Application of the 
triethanolamine method to acetaldehyde gave a very poor yield of an acid of the correct 
properties, together with the corresponding glutaric acid. Houben’s method (Ber., 1903, 
36, 2897) also gave a poor yield, but the product yielded.the correct dibromide and was 
nearly pure (m. p. —42°). A pure acid is easily obtained by the method of Bruylants 
(Bull. Soc. chim. Belg., 1922, 31, 228; 1924, 33,334). A considerable number of preparations 
gave a product of remarkably concordant physical properties, which melted sharply at 
—35°, and yielded a dibromide identical with that prepared by the method of Houben. 

Contrary to expectation, vinylacetic acid, although easily isomerised, is not an excep- 
tionally unstable substance when kept at room temperature in the pure state. 


EXPERIMENTAL. 


Iodine additions (J) were determined at 20° for 10 min. Recorded m. p.’s are corrected for 
stem exposure. 

A8-n-Hexenoic Acid.—(a) Triethanolamine method. To a cooled mixture of freshly distilled 
n-butaldehyde and triethanolamine (1 g.-mol. of each), dry malonic acid (1 g.-mol.) was added, 
and the whole shaken until homogeneous (slight cooling being necessary at first) and then, after 
2 days, heated on the steam-bath till evolution of gas had ceased (over-night). The liquid was 
cooled and acidified with 50% H,SO, (by wt.); the upper layer of olefinic acid was separated, 
the aq. layer extracted four times with Et,O, the combined acid and extracts washed with H,O, 
the solvent removed, and the residue extracted with dil. Na,CO, aq., in which the last trace of 
acid dissolves very slowly. The alkaline solution was extracted four times with Et,O to remove 
aldehydic polymerides, and acidified, and the acid was extracted as before, washed, dried, 
recovered, and distilled, giving a fraction, b. p. 110—120°/20 mm., which contained the hexenoic 
acid, and a high-boiling residue (see below). On redistillation the hexenoic acid fraction boiled 
almost entirely at 110°/15 mm. (yield, 40—42%; occasionally 52%). It was further purified 
by freezing it at 0° and allowing it to warm slowly, the small amount of material melting below 
12° being rejected. The solid acid was then unchanged in properties after partial esterification 
and hydrolysis of the ester (Sudborough and Thomas, J., 1911, 99, 2307; Eccott and Linstead, 
loc. cit.), as is shown by the following figures : 


B.p./15mm. M. p. nb . da: . J. 
Acid purified by fractional melting 110° 12° 1°4391 0°9630 55°8 
bie - partial esterification ... lll 11°5 1°4390 0°9635 55°4 


The high-boiling residue mentioned above was distilled (260 g.) under reduced press. Decomp. 
and liberation of CO, occurred, and on redistillation two main fractions, b. p. 185—190°/23 mm. 
(55 g.) and 190—200°/23 mm. (80 g.), were obtained. The first of these was mainly B-n-propyl- 
glutaric anhydride; on treatment with aniline in C,H, it yielded the half-anilide, m. p. 125— 
126° (see below). The second fraction, most of which boiled at 198—199°/23 mm., was largely 
the corresponding free acid. It was converted by AcCl into the anhydride, which after puri- 
fication was converted (1) into B-n-propylglutaric acid, m. p. 51°, equiv. 87-4 (calc., 87-1) after 
crystallising twice from Et,O-light petroleum and once from dil. HCl, and (2) into the half- 
anilide, m. p. 127° after two crystns. from C,H,. Day and Thorpe (J., 1920, 117, 1471) give acid, 
m. p. 52°; half-anilide, m. p. 128°; anhydride, b. p. 180°/20mm. Them. p.’s of our solid deriv- 
atives were not depressed by admixture with the corresponding authentic samples. 

(b) From ethylparaconic acid. The acid (m. p. 82°) was prepared by the method of Fittig 
and Delisle (/oc. cit.) as modified by Fichter and Probst (Annalen, 1910, 372, 76). The yield was 
poor—5 g. from 1 g.-mol. of anhyd. sodium succinate. The acid was decarboxylated by the 
method used by Goldberg and Linstead for terebic acid (loc. cit.), the unsaturated acid being 
purified by distillation in steam and extraction through NaHCO,;. The product (1-0 g.) boiled 
at 98°/6 mm. and solidified at — 15° to a cryst. mass of m. p. — 1° to + 2°, mixed m. p. with the 
pure acid, + 1° to + 2-5° (Found: equiv. 114-2; calc., 114-1; J, 46%). 


[With E. J. Boorman.] 


A®-n-Pentenoic Acid.—Preliminary expts. on the condensation of propaldehyde and malonic 
acid by means of bases in various amounts gave the following results : 
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Pentenoic acid (equiv. 100-1). 





Base. Amount. Yield. 5B. p./20 mm. Equiv. J. 


Triethanolamine molecular 20 98° 100 38 
Dimethylaniline oe 23 96 98°7 37°5 
Pyridine trace 15 95 98°2 33 
Piperidine “ 14 94 98°5 36°5 


As pure A®-pentenoic acid has an iodine addition of 38-5% and that to the A*-acid is 
negligible, it will be seen that all the bases produce mainly A®-acid (cf. butaldehyde; Boxer 
and Linstead, Joc. cit.). 

On account of the comparatively objectionable nature of dimethylaniline, triethanolamine 
was selected for further work. The best yields (32—36%) were obtained by the addition of the 
malonic acid to a mixture of the base and aldehyde with vigorous shaking. A*’-n-Pentenoic acid 
was isolated from the product and purified by the methods already described for the higher 
homologue. It formed flattened needles, m. p. 1°; b. p. 90°/10 mm.; d}" 0-9850; nz” 1-4348; 
whence [F;]p 26-51 (calc., 26-36); J, 38-5% (Found: C, 60-1; H, 8-0; equiv., 100-3. Calc. 
for C;H,O,: C, 60-0; H, 8-1%; equiv., 100-1). These physical properties are close to those 
recorded by v. Auwers for the reduction product of vinylacrylic acid (Annalen, 1923, 482, 46). 

The thick brown oil remaining after the first distillation of the pentenoic acid distilled with 
partial decarboxylation, some 50% boiling at about 182°/22 mm. This distillate became almost 
completely solid in 3 months, and was then drained and recrystallised from C,H, and light 
petroleum. It was identified as B-ethylglutaric acid by its m. p. (74°; lit., 74°), equiv. (80-4; 
calc., 80-0), and by a mixed m. p. determination with an authentic sample. 

The A®-pentenoic acid described above had an iodine addition considerably less than that 
recorded by Goldberg and Linstead (46-8%) for a sample prepared by the reduction of vinyl- 
acrylic acid. On this account its purity was checked by its conversion into the cryst. dibromide, 
m. p. 64° (cf. Fittig and Mackenzie, Joc. cit.), and regeneration (Burton and Ingold, Joc. cit.). 
The recovered material (70%) and the original had almost identical properties: m. p. + 0-5°; 
b. p. 95°/17 mm.; nj} 1-4354; d& 0-9852; equiv. 101-2; J, 38-9%; and it is clear that both 
these methods give pure material. The difference between the iodometric figures mentioned 
above is to be attributed mainly to the presence of a trace of the highly additive vinylacrylic acid 
in the old material. 

A®-n-Butenoic (Vinylacetic) Acid.—(a) The triethanolamine method gave an optimum yield 
from 26 g. of malonic acid and an excess of MeCHO of 1 g. of a liquid acid, b. p. 70°/12 mm., 
and 1 g. of a high-boiling residue which solidified on long standing and was shown to be $-methyl- 
glutaric acid, m. p. 86° (after two recrystns. from C,H,—light petroleum), mixed m. p. with 
authentic sample, 86°; equiv. 73-2 (calc., 73-1). 

(b) Following Houben (/oc. cit.), 50 g. of allyl bromide gave 1 g. of vinylacetic acid, b. p. 
72—73°/15 mm., m. p. — 42°, which yielded the dibromide, m. p. 49—50°, of Fichter and 
Sonneborn (Ber., 1902, 35, 938). Vigorous mechanical stirring did not improve the yield. 

(c) Using essentially the method of Bruylants (/occ. cit.), we obtained the best yields by the 
following procedure : 30 G. (not more) of allyl cyanide (Breckpot, Bull. Soc. chim. Belg., 1930, 
39, 465) were cooled in ice, and 25 c.c. of conc. H,SO, added slowly in small quantities, the 
mixture being cooled after each addition, particularly at first, and kept below 40° throughout. 
Any excessive local overheating led to an uncontrollable reaction and much carbonisation. 
Too much cooling, on the other hand, stopped the reaction. The mixture was finally kept until 
all smell of the nitrile had disappeared and a glassy mass remained (4—5 days). A weight of 
H,O equal to that of the H,SO, used was then added, and the mixture heated rapidly on the 
steam-bath with frequent shaking until a reaction set in and the mass had dissolved with the 
formation of two layers (about 30 min.). The mixture was cooled, and the vinylacetic acid 
isolated by means of Et,O in the usual way, dried, and distilled. About 12 g. of a fraction, b. p. 
70—72°/13 mm., were obtained and this on two refractionations in vac. with a column yielded 
pure vinylacetic acid (equiv., 86-1; calc., 86-1). Six different preps. gave material with the 
following physical properties : 

Prepn. M. p. B. p. nv’. a. Prepn. M. p. B. p. np . ae 

1 —35° 72°/l4mm. _ 1°4220 1-0096 4 —35° 70°5°/12mm, 1°4222 1-0093 

2 —35 78/21 14220 10095 5 —35 69/10 1°4222 1:0091 

3 —35°5 71/12 1°4221 1-0098 6 —35 69/10 14220 1-0090 

Whence [PR z]p = 21°66; calc., 21°74. 
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The agreement between these figures leaves no doubt that the substance is homogeneous. The 
m. p. is a little higher than that recorded by Bruylants (— 38°) and by Lespieau (— 39°; Bull. 
Soc. chim., 1905, 38, 63), the density is almost identical with that given by Bruylants, and the 
refractive index corresponds with that (1-4257) at 15°) given by Fichter and Sonneborn (loc. cit.). 

The acid prepared from allyl cyanide yielded a dibromide, m. p. 50°, which did not depress 
the m. p. of the dibromide of the Houben product. 


We are indebted to the Royal Society and to the Chemical Society for grants. 
IMPERIAL COLLEGE, LONDON, S.W.7. [Received, February 9th, 1933.] 





143. Investigations of the Olefinic Acids. Part VIII. Dissociation 
Constants. 


By D. J. G. Ives, R. P. LiInsTEApD, and H. L. RILEy. 


For the purpose mentioned in the preceding paper, the dissociation constants of a number 
of simple olefinic acids have been redetermined. Many of the acids have recently been 
isolated in the crystalline condition for the first time (Parts I, V, VI, and VII). The 
purified acids were finally distilled before use, except those of comparatively high melting 
point, which were crystallised from both aqueous and non-aqueous solvents. The measure- 
ments were carried out as soon as possible after the preparation of the acids, owing to the 
danger of their contamination on standing by spontaneous polymerisation, oxidation, or 
isomeric change. All the materials were crystalline solids at low temperatures and had 
the melting points given in Table I. A”’-n-Hexenoic acid was prepared by two new pro- 
cesses which will shortly be described, the products being the same as that obtained by the 
original method of Fichter (Ber., 1896, 29, 2370) and giving an identical dissociation constant. 
No new determinations have been carried out on acrylic acid (dissociation constant measured 
by Moureu and Boutaric, J. Chim. Phys., 1920, 18, 348) and A®-n-hexenoic acid. Fichter 
and Langguth’s preparation of the latter acid (Anunalen, 1900, 313, 371) seems to have 
been essentially free from the only likely impurity (the A’-isomeride), as its hydrobromide 
yielded no y-hexolactone on hydrolysis. We are, however, confirming Fichter’s figure for 
the constant of this acid. 

Summary of Results.—The measurements and calculations involved in the determination 
of the dissociation constants are described in a later section. The figures in Table I are 
true dissociation constants, accurate to 1%. The values for acetic and benzoic acids have 
also been determined by the same method, so that direct comparison is possible between 
these results and those of other workers. 

Only §$-methyl-A*-pentenoic acid has been examined in both stereoisomeric forms. 
The other A*-unsaturated acids may be assumed to be the ¢rans-isomerides, as they are 
prepared by a method which in the case of crotonic acid gives the acid of m. p. 72°, now 
known with certainty to be the ¢vans-modification.* The acids with more distant double 
bonds are, without exception, only known in one form, and it is in any case doubtful 
whether stereoisomerides about such double bonds would differ appreciably in their dis- 
sociation constants. 

Because of possible complications in the interpretation of the results, no acids have 
been studied with alkyl substituents on the carbon atoms on the same side of the double 
bond as the carboxyl group, but it is hoped to study them shortly. 

Comparison with Previous Results—The older values determined by Ostwald (Z. 
physikal. Chem., 1889, 3, 369) and by Fichter and Pfister (Annalen, 1904, 334, 201) and 
Fichter and Gisiger (Ber., 1909, 42, 4707) were calculated from the Ostwald dilution 
law, whereas the values in Table I are corrected on the basis of the Debye—Hiickel-Onsager 
equation. Calculation on the basis of the simple dilution law from our experimental 
figures gives results more variable and some 2% higher than the corrected values. 


* It is possible that the y-methyl-A*-pentenoic acid used was not a stereochemical individual (J., 
1932, 124). . 





Ives, Linstead, and Riley: 


TABLE I. 
Method 
Formula. M. p. (corr.). of prepn. K,5- X 10°. 

Acetic - 1°78 
Benzoic _ 6°46 
(Acrylic CH,:CH-CO,H 12°3° 5°6) 
Crotonic CHMe:CH -CO,H 72 j 
Vinylacetic CH,:.CH’CH,°CO,H —35 
A*-n-Pentenoic CHEt:CH-CO,H 
44-n-Pentenoic CHMe:CH:CH,°CO,H 
AY-n-Pentenoic CH,:CH-[CH,],°CO,H 
B£B-Dimethylacrylic CMe,: CH’CO,H 
A*-n-Hexenoic CH,Et-CH: CH: CO,H 
A8-n-Hexenoic CHEt:! CH-CH,°CO,H 
AY-n-Hexenoic CHMe:CH-[CH,],“CO,H 
(4°-n-Hexenoic CH,:CH-[CH,],°CO,H _ 
y-Methyl-A?-pentenoic CHMe,-CH:CH-CO,H —32 
y-Methyl-a-pentenoic CMe,:CH-CH,°CO,H — 2 
trans-B-Methy]-A*-pentenoic CH,Me’CMe:CH:-CO,H 47 
cis-B-Methyl-A*-pentenoic CH,Me’CMe:CH:CO,H 12 
8-Methyl-A”-hexenoic CMe,:CH:[CH,],°CO,H —33 (5) 

References to preparative methods: (1) Moureu and Boutaric, Joc. cit. (2) Letch and Linstead, J., 
1932, 443. (3) Linstead, Noble, and Boorman, preceding paper. (4) Boorman, Linstead, and Rydon, 
this vol., p. 568. (5) Linstead and Rydon, this vol., p. 580. (6) Barbier and Léser, Bull. Soc. chim., 
1905, 38, 815. (7) Boxer and Linstead, J., 1931, 740. (8) Fichter, Joc. cit. (9) Linstead, J., 1932, 
115. (10) J. M. Wright, unpublished work. 


The recorded data are in fair to good agreement with the new figures (added in paren- 
theses) for the following acids : crotonic, 2-04 (2-03) ; A’-pentenoic, 2-09 (2-10) ; A*-hexenoic, 
1-89 (1-98); A”-hexenoic, 1-74 (1-91); ¢vans-6-methyl-A*-pentenoic, 0-73 (0°74). The 
older value for vinylacetic acid, 3-83 (Fichter and Pfister, Joc. cit.), is much less than that 
now found (4-48), and the difference must be attributed to the presence of some less con- 
ducting impurity, probably crotonic acid, in the old material. The value found by Fichter 
and Pfister for A’-n-hexenoic acid (2-64 as against 3-05) is undoubtedly low owing to the 
presence of an isomeride, either the A*- or the A’-acid according to the method of prepar- 
ation (which is not specifically stated, although it was probably the reduction of sorbic acid). 
More surprising are the appreciable divergences in the figures for the A*- and A’-n-pentenoic 
acids, which are comparatively readily obtained pure, and for which Fichter and Pfister 
give 1-48 (2-02) and 3-35 (3-11) respectively. The other constants have not previously been 
determined. 

“International Critical Tables” (1929, VI, 269) record values for 68-dimethylacrylic 
acid of K x 10* = 2-00 and 2-20, from determinations by Walker and by Pfaff, quoted 
by Perkin (J., 1896, 69, 1461). These are based on a textual error in Perkin’s paper and are 
actually intended for 68$-dimethylglutaric acid; the word “ acrylic’’ on p. 1461, line 10 of 
this paper should read “ glutaric.” This is clear from the context and from the identity 
of the values recorded with those found for 68-dimethylglutaric acid by the same workers 
(Annalen, 1896, 292, 146). 

DISCUSSION. 


The dissociation of a carboxylic acid in water in terms of the forward reaction may be 
represented by the wectagnct 


~? @ 
Rn + H,O —> RC. + H,O 


(cf. Allan, Oxford, Robinson, and Smith, J., 1926, 401). As is generally recognised, it 
is assisted by any constitutional factor which tends to bring the covalency electrons of the 
O-H link more under the control of the oxygen atom, and thus enable a water molecule 
to detach a proton. Substitution of halogen in the paraffin chain (R) provides an example 
of such a factor, and the comparatively high acidity of the aliphatic chloro-acids can be 


_ + 
attributed to the presence of the Cl<-——C dipole. 
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Olefins have almost negligible polar moments, and the olefinic acids may be presumed 
te contain no permanent dipole in the aliphatic chain similar to that present in the chloro- 
acids. On the other hand, if the double bond is polarisable, there will be in the molecule 
a latent source of electrical adjustment which at the demand of the attacking reagent 
(water) will function in such a manner as to facilitate the reaction. To do this, the double 
bond will polarise so as to present a positive face to the carboxyl group, the tendency 
of this group to acquire a negative charge, and therefore the dissociation, thus being 


increased : 
a b 
~) st é~ 
C— = ~~ CO-6—H 


The greater the capacity for the ethylenic polarisation represented by a, the greater will 
be the dissociation inaugurated by the process b and followed by the attack of a molecule 
of water. 

The recorded constants of the saturated acids from propionic to tsohexoic acid may be 
taken as K,;. x 10° = 1-5 + 0-2, and the dissociation constant of a fatty acid higher than 
acetic may be regarded as practically independent of the length of the chain and the alkyl 
substitution (with the apparent exception of those acids in which the «a-carbon atom is 
heavily substituted, such as trimethylacetic acid; K,;. x 10° = 0-98). Compared with 
this figure, the results in Table I show that the unsaturated acids are either as strong as or 
stronger than saturated acids with the same carbon skeleton, with the single exception of 
68-dialkylacrylic acids. These are discussed later. 

The polar effect of the double bond, like that of a halogen atom, is almost completely 
eliminated when the bond is removed by two or more methylene groups from the carb- 
oxyl, and the dissociation constants of unsaturated acids approach those of the correspond- 
ing saturated acids as the double bond recedes from the carboxyl group. This is shown in 
Table II, where the corresponding figures for the recession of a bromine atom (Ostwald, 
loc. cit., p. 170; Lichty, Annalen, 1901, 319, 369) are given for comparison. 


TABLE II, 


Dissociation Constants (Kgs. X 105) of R-[CH,]z°CO,H. 
%. R = CH,-CH. R = CH,Br. x. R = CH,-:CH. R = CH,Br. 
0 (4%) 5°6 138 2 (AY) 2°10 2°6 
1 (a8) 4°48 9°8 3 (a°) 1:91 1:9 
The question whether there is a small permanent residual effect, or whether the remaining 
increment would disappear with further recession of the group R, cannot be decided from 
the available figures. 

Alkyl Substitution.—The effect of distant alkyl substitution about the double bond * 
on the dissociation constant of an unsaturated acid provides convincing evidence of the 
polarisability of the double bond. Recent measurements of polar moments have confirmed 
Lucas’s conception that the methyl group exercises less restraint over its covalency electrons 
than does hydrogen (represented by the sign CH,—~>). On the present hypothesis, 
therefore, distant alkylation substitution should inhibit the polarisation a in comparison 
with that of the unsubstituted acids, and to some extent stop the accommodating effect of 
the double bond on the dissociation of the carboxyl, thus : 


L) 
CH,—>C——C CO-OH 
In any series, CH,:CH-[CH,]:CO,H, CHR°CH:[CH,].°CO,H, CR,:CH-[CH,]:°CO,H, the 
dissociation constant should therefore fall with the substitution. The interpretation of the 
results is simplified by the fact, already mentioned, that a similar substitution in the corre- 
sponding saturated acids produces no appreciable effect. 


* Alkyl substitution on the ethylene carbon atom further from the carboxyl group is termed “ dis- 
tant’’; that on the near carbon atom is termed “ proximate.’’ It is convenient also to apply these 
terms to the carbon atoms themselves. 
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It is to be expected also that the differences caused by substitution in this way should 
be greater, the nearer the double bond is to the carboxyl group. 

In both these respects the demands of the hypothesis are fully verified by the experi- 
mental facts, summarised in Table III. 


TABLE III. 


The Effect of Distant Alkyl Substitution on the Dissociation Constants of Olefinic 
Acids, R'R®C:CH:(CH,]z°CO,H. 





Distant substituents. Dissociation constants. 
R}. R*. trans-A*-Acids"(x ="0). A®-Acids (¥ == 1). A¥-Acids (¥ = 2). 
H H 5°6 4°48 2°10 
H Me 2°03 3°11 1°91 
iF Et 2°02 3°05 — 
E Pre 1-98 — — 
H Pr8 1°99 — oo 
{ Me 0°76 2°51 1°59 
Me Et 0°74 _— — 


These figures show that, for a given position of the double bond, the dissociation constant 
is determined by the order but not by the actual nature of the alkyl substitution. 

It is clear from these results and from those of parallel investigations described in this 
series that in examining the effect of a double bond on a reaction it is necessary to recognise 
the existence of different types of ethylenic double bond; ¢.g., in estimating the effect of 
recession of the double bond on the dissociation constant, as was done in Table II, a true 
comparison could only be made between acids of the same type, in this case those con- 
taining the vinyl group. 

The Abnormality of A*-Double Bonds.—The dissociation constant of a halogenated 
fatty acid (see, e.g., Table II) increases rapidly as the substituent approaches the carboxyl 
group, and is multiplied tenfold when the halogen atom passes from the 8- to the «-carbon 
atom. The vinyl double bond produces a comparable effect on the dissociation constant 
on moving from the y- to the 6-carbon atom, but no such large increase on passing to the 
a-carbon atom: acrylic acid is only slightly stronger than vinylacetic acid. Other types 
of double bond even produce a fall in the dissociation constant when they pass from the 
By- to the «B-position. It is clear, therefore, that a disturbing factor comes into play. 

The nature of this was foreseen by Robinson (loc. cit.), who suggested that the conjuga- 
tion of the double bond with the carboxyl group was “ a factor tending to weaken an acid.” 


[ CY 
C—C—C—O 
The process at work here may be represented as follows: l-\ the “katio- 
O-—ii, 

enoid ”’ polarisation of the conjugated system (from left to right in the formula) acting 
so as to lessen the capacity of the second oxygen atom to acquire the negative charge. 

The exact effect of this on the dissociation constant will depend upon the type of the 
A*-double bond. It may be suggested that the effect of conjugation in acrylic acid is to 
depress the constant from K x 105 = about 50, which is indicated by analogy with the 
a-halogenated acids (Table II), to the observed value of 5-6. A similar argument explains 
why crotonic acid and substances of similar type are weaker than their A®-isomerides, as 
noted by Fichter (/oc. cit.), and why, in the extreme case, 6$-dialkylacrylic acids are actually 
weaker than the corresponding saturated acids. The normal enhancement of dissociation 
is so weak with the last type of double bond that the effect of conjugation overpowers it. 

The dissociation of the unsaturated acids dealt with in this paper is therefore believed 
to be influenced by (i) a general enhancement due to the presence of the double bond, which 
diminishes with its recession from the carboxyl group and is modified by alkyl substitution, 
and (ii) a special depression in A*-acids due to conjugation. The available data do not 
clearly reveal the operation of any other constitutional factors. 

Brief reference may be made to two conceptions on this subject which appear to be 
mistaken. First, there seems no justification for attaching any particular significance to 
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the alternation of dissociation constant as the double bond recedes along the chain (Fliir- 
scheim, J., 1909, 95, 721). The alternation which is observed, for example, in the A*-, 
Aé-, and A’-n-hexenoic acids arises accidentally from the operation of the conjugational 
factor in the case of the A*-acid and is not found after these first three members. Secondly, 
the new results finally refute the idea that when unsaturated acids undergo isomeric change, 
the weaker of the two possible isomerides is formed (Derick, J. Amer. Chem. Soc., 1910, 32, 
1333). This is disproved by consideration of the y-methylpentenoic acids, the A*-form of 
which (K x 10° = 1-99) passes to the extent of 78% into the A*’-form (K x 10° = 2°51). 


Measurement and Calculation of the Dissociation Constants. 


Measurement of Conductivities—The measurement of the specific conductivities of the 
aqueous solutions of the acids and sodium salts, and the preparation of the sodium salts, 
were carried out in a similar manner to that already described (Ives and Riley, J., 1931, 
1998; Ives, Linstead, and Riley, J., 1932, 1093). The composition of the sodium salts 
was checked by analysis. 

Solvent Correction.—The specific conductivity of the water was 0-3—0-5 x 10° reciprocal 
ohm. No correction was applied to the acid solutions, on the assumption that the main 
impurity in the water was carbonic acid (Wynne-Jones, J. Physical Chem., 1927, 31, 
1647), which was justified by a series of careful measurements on the same acid in waters of 
different specific conductivities. The best concordance was obtained when no correction 
was applied. 

The normal water correction was applied to the results for the sodium salts. Davies 
(Trans. Faraday Soc., 1932, 28, 607) has pointed out that such a procedure with salts of 
weak acids is likely to lead to serious errors in the determination of mobility values. More- 
over, concentrated solutions of the sodium salts were found to be slightly alkaline, indicating 
hydrolysis. 

To estimate the extent of these errors, the following calculations were made. The 
equation [OH’] + [HCO,’] + [A’] = [H’] + [Na’‘], which denotes the electroneutrality 
of the solution and controls the degree of hydrolysis of the salt, can be expressed in terms 
of H* and known quantities : 


Re 4 Km 4 K,M 

[H] * [A] +.‘ [(H]+K, 
where K,, is the ionic product for water, = 1074; K, = the primary dissociation constant 
of H,CO; = 3-50 x 10-7 (Kendall, J. Amer. Chem. Soc., 1916, 38, 1480); K, = the dis- 
sociation constant of the acid HA; m = the ¢otal concentration of H,CO3, which is deter- 
mined from the conductivity of the water used as solvent; and M = the fotal concentration 
of sodium salt. This equation was solved by the method of successive approximations, 
and the true solvent correction determined from the mobilities and concentrations of the 
respective ionic species. 

For dimethylacrylic acid, which, being one of the weakest acids of the series, would have 
shown the largest error, and for acetic acid the true correction has been found to be less 
than the normal correction, which at first seems rather surprising. It must be remembered, 
however, that the initial conductivity of the water used as solvent is almost entirely due 
to hydrogen ions, 7.e., the water is on the acid side of neutrality. These hydrogen ions 
are almost entirely removed by the hydrolysis, together with some acid anions, and the 
increase in the concentration of the hydroxyl ions is too small to compensate for this. 

For sodium dimethylacrylate, the true correction varied from 0-21 to 0-08 x 10% 
reciprocal ohm, according to the concentration of the sodium salt, whereas the normal 
conductivity correction was 0-51 x 10°. ‘dhis alteration in the correction had the effect 
of improving the concordance of the mobility values. The results for sodium dimethyl- 
acrylate are in Table IV, and indicate the accuracy obtained in the other measurements. 
A indicates the value of the equivalent conductivity obtained when the normal correction 
is applied, and A’ when the true correction is applied. A, and A,’ are the relevant values 
of the equivalent conductivity at zero concentration. 





= [H’)]}+ M 
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TABLE IV. 


10° C 103 C 

(mols. /1.). A. a. Ao- Ao’. (mols. /1.). A. A’. Ao- No’. 
6°5170 76°35 76°40 82°8 82°8 1-9202 78°87 79°09 82°3 82°6 
5°6141 76°90 76°95 82°8 82°9 16567 79°28 79°54 82°5 82°8 
5°0201 76°93 76°99 82°6 82°6 0°9292 79°96 80°45 82-4 82°9 
3°9023 77°44 77°53 82-4 82°5 0°7614 79°98 80°58 82:2 82°8 
3°8311 77°83 77°92 82°7 82°8 Mean 82°5 82°75 


2°6133 78°56 78°71 82°6 82°8 
Whence values of A, of the acid = 380°15 380°40 


The mobilities of the sodium and hydrogen ions have been taken as 51°4 and 349-05 respectively 
(Ferguson and Vogel, Phil. Mag., 1927, 4, 233, 300). 


The difference on the values of Ag for the acid represents a change in the dissociation 
constant from 0-767 to 0-766 x 10-5, which is well within the experimental error. The 
change in the case of acetic acid was even less. 

All the sodium salts studied gave constant values for Aj’ over the concentration range 
indicated in Table IV. This extends to higher concentrations than is customary in the 
application of the Onsager equation, but in our experiments deviations from constancy 
only appeared at about 8 x 10° mol. per litre. 

These results indicate that little error is likely to arise from this source, providing that 
measurements are made over a considerable range of concentrations of sodium salt and 
that good conductivity water is used. Even with an acid as weak as dimethylacrylic acid, 
the true correction is less than the normal correction. With weaker acids the increased 
hydrolysis would render the solution of the sodium salt more alkaline and the true correction 
would approach and finally exceed the normal correction. It is probable, therefore, that 
such errors become serious only in the case of sodium salts of dibasic acids, where the 
hydrolysis occurs to a much greater extent (Ives, Linstead, and Riley, loc. cit.). 

Mobilities of Isomeric Ions.—Mobility determinations were carried out to determine 
whether the ions of isomeric acids of this type have the same mobility. Differences were 
observed which, whilst insufficient to cause any significant variation of K, were greater than 
the experimental error, but were not sufficiently precise for definite conclusions to be 
drawn. The method of weight dilution employed was not suitable for such an investigation, 
since exposure of the solutions to the air and consequent slight contamination were un- 
avoidable. The results for sodium dimethylacrylate recorded in Table IV were of two 
independent series of measurements and showed that the accuracy was sufficient for the 
purposes of this paper. 

Calculation of Mobilities and Dissociation Constants.—Mobilities were calculated from 
the sodium salt data by substituting the experimental figures for equivalent conductivity 
in the Onsager equation (Onsager, Trans. Faraday Soc., 1927, 23, 341), excellent agreement 
with the theoretical slope of the equation being obtained (cf. Table IV). 

True dissociation constants were calculated, corrections for mobility variations with 
concentration being applied to the ionised part of the solute by means of the Onsager 
equation (loc. cit.), and for activity variation by means of the Debye—Hiickel equation 
(Davies, Phil. Mag., 1927, 4, 244), no assumption being made as to the value of the constant 
A in the equation (see Davies, ‘‘ Conductivity of Solutions,” 1930, pp. 86—90). 

Until recently it was thought that the value 0-5065 ascribed by the Debye—Hiickel 
equation to this constant was erroneous, and much experimental evidence was advanced 
in favour of the value 0-39 or 0-40 (Noyes, J. Amer. Chem. Soc., 1924, 46, 1080, 1098; 
Randall and Vanselow, ibid., p. 2418; Nonhebel, Phil. Mag., 1926, 2, 1085; Davies, ibid., 
1927, 4, 244; Blayden and Davies, J., 1930, 949) or of a value varying with the electrolyte 
(Davies, J., 1930, 2410, 2421). 

The recent papers of MacInnes and Shedlevsky (J. Amer. Chem. Soc., 1932, 54, 1429), 
Hall (ibid., p. 831), LaMer and Goldman (ibid., 1929, 51, 2632), and Davies (zbid., 1932, 
54, 1698) have provided very strong support for the Debye-Hiickel theory, and it is indicated 
that the equation is correct as a limiting equation in very dilute solutions. In stronger 
solutions so-called ‘‘ medium effects’ and viscosity (see Davies, J. Amer. Chem. Soc., 
1932, 54, 3776) due to the increasing concentration of un-ionised solute cause a divergence. 
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TABLE V. 
10° C (mols./l1.). A. K x 10°. K’ x 108. =10* C (mols./I.). A. K x 10°. K’ x 10°. 
trans-Crotonic acid. Vinylacetic acid. 
A, from Na salt = 382-05. A, assumed the same as for crotonic acid = 382°05. 

11°855 15°69 2°09 2°02 10°470 24°48 4°59 4°48 
5°7197 22°34 2-08 2°03 5°8346 32°39 4°58 4°49 
2°2650 34°90 2°08 2°04 3°1872 43°09 4°57 4°49 
11664 47°57 2°07 2°03 1°7564 56°75 4°55 4°48 
0°3735 79°65 2°05 2°03 0°4800 100°7 4°53 4°49 
Mean of 17 determinations 2°03 Mean of 14 determinations 4°48 

A*-n-Pentenoic acid. A8-n-Pentenoic acid. 

A, from Na salt = 379°75. A, from Na salt = 380°55. 

14252 14°12 2°05 2°01 13°446 18°14 3°21 3°12 
6°9606 20°09 2-06 2°03 7°7378 23°67 3°19 3°12 
2°9430 30°36 2°04 2°02 2°7533 38°60 3°15 3°09 
1-0129 50°11 2°03 2°02 0°8233 67°72 3°17 3°13 
0°1647 112-0 2°03 2°02 071510 138°3 3°13 3°10 

Mean of 14 determinations 2°02 Mean of 11 determinations 3°11 
AY-n-Pentenoic acid. BB-Dimethylacrylic acid. 
A, = Mean of values for A*- and Af-acids = 380°15. A, from Na salt = 380°15. 

10°428 17°11 2°15 2°10 13°431 8-990 0°769 0°757 
4°9235 24°28 2°14 2°10 6°8079 12°58 0°771 0°761 
1-7914 39°34 2°14 2-11 2°1233 22°22 0°770 0°763 
0°7835 57°75 2°13 2°11 11876 29°35 0°767 0°761 
0°3227 85°68 2°12 2°10 0°3820 50°05 0°763 0°758 

Mean of 13 determinations 2°10 Mean of 16 determinations 0°759 
A*-n-Hexenoic acid. Af-n-Hexenoic acid. 

A, from Na salt = 377°85. A, from Na salt = 377°35. 
8°1482 18°30 2°01 1:97 12-8055 18°12 3°10 3°04 
3°3387 28°20 2°01 1:98 5°6831 26°88 3°10 3°06 
1°7130 38°72 2-00 1°98 2°6199 38°86 3°10 3°06 
0°9354 51°34 2°00 1°98 1-0089 60°44 3°08 3°05 
0°2739 89°08 1:99 1:97 0°2664 108°1 3°06 3°05 
Mean of 15 determinations 1°98 Mean of 15 determinations 3°05 

AY-n-Hexenoic acid. y-Methyl-a%-pentenoic acid. 

Ay = Mean of values for A®- and A®-acids = 377°60. A, from Na salt = 378°45. 

10°152 16°23 1:96 1:90 9°8277 16°82 2°03 2°00 
5°7510 21°40 1:96 191 4°5969 24°34 2°03 2°00 
3°0800 28°87 1°95 1°91 2°4596 32°77 2°02 1°99 
1-0350 48°20 1-93 1:90 12746 44°81 2°03 2°01 
0°5702 63°22 1-92 1:90 0°3322 81°94 1-99 1:98 

Mean of 12 determinations 1°91 Mean of 13 determinations 1°99 
y-Methyl-a8-pentenoic acid. trans-B-Methyl-A*%-pentenoic acid. 


Ag assumed the same as for the A®-acid = 378°45. 
First sample, mean of 13 determinations 2°41. 


Second sample, melting 2° higher. Ay from Na salt = 380°15. 

13-4038 16°16 2°55 2°51 12-516 9°021 0°745 0°734 
9°9367 18°71 2°56 2°51 5°2548 14-06 0°746 0°738 
70513 22°11 2°56 2°52 2°5160 20°11 0°743 0°737 
3°2769 31°92 2°55 2°51 1-1632 29°08 0°737 0°731 
2°1225 39°19 2°54 2°51 0°4864 44°28 0°747 0°741 

Mean of 6 determinations 2°51 Mean of 16 determinations 0°736 
cis-B-Methyl-a*-pentenoic acid. 5-Methyl-aY-hexenoic acid. 
Ao from Na salt = 379°05. A, from Na salt = 376°25. 

11-847 9°278 0°728 0-715 9°4878 15°18 1°61 1°58 
4°0520 15°68 0°723 0°714 5°0036 20°76 1°61 1°59 
2°8483 18°57 0°720 0°710 2°6643 28°13 1°61 1°59 
1°7266 23°54 0°710 0°703 1°1494 41°93 161 1°59 
0°6116 38°60 0°706 0°701 0°7137 52°30 1°60 1°59 


Mean of 11 determinations 0°710 Mean of 12 determinations 1-59 











568 Boorman, Linstead, and Rydon : 


The result is that the experimental relationship between log (C,2/C,,) and ~/C, (see Davies, 
Phil. Mag., 1927, 4, 244) is no longer linear, but a curve of decreasing gradient towards the 
region of stronger solutions. This curvature is not apparent except in measurements of 
considerable accuracy ; hence the misconception as to the value of the constant A has arisen. 

In the case of the acids here studied, the curvature was apparent in some of the measure- 
ments, but in general, the precision of the results and the possible presence of disturbing 
factors such as polymerisation did not allow a strictly accurate extrapolation to be carried 
out. 

In all cases, therefore, the best straight line was drawn through the experimental 
points, and the dissociation constant calculated on this basis. The error due to this pro- 
cedure was about 0-5%, well within the experimental error. 

In order to provide a check on the values of the constants obtained, and to bring them 
into line with other values published in the literature, the constants for pure acetic and 
benzoic acids were determined by the same general methods : they are given below, together 
with the most trustworthy of those of other workers. 

Acetic acid: Found, K = 1-78 x 10° (mean of 11 determinations). MacInnes (J. 
Amer. Chem. Soc., 1926, 48, 2068), 1-74—1-78; Davies (Phil. Mag., 1927, 4, 249), 1-785; 
Harned and Owen (J. Amer. Chem. Soc., 1930, 52, 5079), 1-75; Harned and Ehlers (7b7d., 
1932, 54, 1350), 1-754; MacInnes and Shedlovsky (ibid., p. 1429), 1-752; Jeffery and 
Vogel (J., 1932, 2829), 1-776. 

Benzoic acid: Found, K = 6-46 x 10-5 (mean of 6 determinations). White and Jones 
(Amer. Chem. J., 1910, 197), 6-38—6-72; Larsson (Z. anorg. Chem., 1926, 155, 247), 6-5; 
Kirschman, Wingfield, and Lucas (J. Amer. Chem. Soc., 1930, 52, 23), 6-68 +. 0-25; Kolthoff 
and Bosch (J. Physical Chem., 1932, 36, 1695), 6-7. 


RESULTS. 

The results are in Table V, together with the mean of the total number of determinations 
made in each case. Some of the experimental values of equivalent conductance have been 
included so that calculations using other mobility values may be carried out if desired. 
K is the dissociation constant calculated from the ordinary Ostwald dilution law, and K’ 
is the true dissociation constant obtained as described above. 

The absolute accuracy of the results has been assessed, account being taken of the 
possible error in the mobility values, and is of the order of 1-0%. 


The authors’ thanks are due to Drs. R. A. Letch and E. G. Noble and Messrs. E. J. 
Boorman, H. N. Rydon, and J. M. Wright for their co-operation in providing samples of 
pure acids. 
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144. Investigations of the Olefinic Acids. Part IX. The Addition 
of Hydrogen Bromide to Unsaturated Acids. 


By E. J. Boorman, R. P. LINSTEAD, and H. N. RypDon. 


THE addition of hydrogen halide to an olefin is directed largely by the degree of alkyl 
substitution of the two carbon atoms carrying the double bond—this is expressed empiric- 
ally in Markownikoff’s rule. 

Provided that certain factors due to the presence of the carboxyl group are borne in 
mind, the olefinic acids are particularly suitable for the investigation of this subject. 
Their chief advantages over the olefins themselves are: (1) the greater accessibility of 
homogeneous unsaturated compounds with varied types of alkyl substitution and known 
positions of the double bond; (2) the greater ease of determination of the nature of the 
addition products; (3) both the unsaturated acids and the addition products which are 
required for reference can nearly always be obtained as pure crystalline solids. 

The early work on the addition of hydrogen halides to olefinic acids is well known 
(Erlenmeyer senr., Ber., 1880, 18, 304; Fittig and collaborators, Annalen, 1880, 200, 21; 
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Ber., 1880, 18, 955; Annalen, 1881, 208, 71; 1889, 255, 18; 1894, 288, 73; Fichter and 
Langguth, Annalen, 1900, 313, 371) and the results are usually summarised by the state- 
ment that A*- and **%-2cids add hydrogen halide so that the halogen seeks the position 
further from the carw. 71 group, whereas in A’-acids the reverse obtains.* These con- 
clusions, although correct for A*-acids, are now shown to be invalid for the other types. 

Walker and Lumsden (J., 1901, 79, 1191) showed that undecenoic acid, when dissolved in 
toluene, added hydrogen bromide to give the terminal bromo-acid CH,Br°CH,*(CH,],°CO,H, 
but in ethereal solution yielded mainly the isomeric acid, CH,-CHBr-[CH,],°CO,H (con- 
firmed by Chuit e¢ al., Helv. Chim. Acta, 1926, 9, 1074; 1927, 10, 173). 

The direction of addition of hydrogen bromide to an olefinic acid is now shown to depend 
generally on (i) the external conditions (as indicated by Walker and Lumsden’s discovery) 
and (ii) the alkyl substitution about the double bond; but, with the sole exception of 
A*-acids, is independent of the position of the double bond with respect to the carboxyl group. 

(i) Effect of solvents. In hydrocarbon solvents, the acid behaves as a “ hydrogen 
ester’; the carboxyl group controls the orientation and the bromine adds to the “ distant ”’ 
carbon atom (this vol., p. 563), regardless of the alkyl substitution. As far as our experi- 
ments have gone, the addition to the acid in these solvents goes in the same direction 
as that to the corresponding ester in the absence of solvent. Without solvent, or in the 
presence of ether, acetic acid, or water, the double bond of the acid behaves independently 
of the carboxyl group. 

(ii) Effect of alkyl substitution. This only becomes operative in additions of the second 
of the types indicated above, which proceed in accordance with the Markownikoff rule. 

These generalisations indicate some remarkable differences in orientation. For 
instance, the direction of addition of hydrogen bromide to vinyl- and allyl-acetic acids 
alone is completely reversed if the acids are dissolved in toluene. Moreover, the direction 
of addition to these acids in the pure state is exactly the reverse of that to their esters. 
Although these differences are in the direction expected on theoretical grounds (see below), 
yet the completeness of the reversal of the orientation was an unexpected, though welcome, 
feature of these investigations. 

The work was carried out with crystalline unsaturated acids, and the products of 
addition were analysed by methods which were controlled in every case by reference to 
the pure bromo-acids, independently synthesised. Many crystalline bromo-acids could 
be identified by direct comparison. The results are summarised in the table. 


Addition of Hydrogen Bromide to Unsaturated Acids and Esters. 
% Composition of bromo-acid (ester) 
formed (+2%). 
Position of 


Acid (or ester). double bond. Solvent. p-. y- é-. 
CH,°CH:CH:CO,H (I) ap None (fused) 100 — — 
C,H,*CH:CH:CO,H (II) Be None 100 — ~_ 
(CH ;),CH°CH:CH:’CO,H (III) ie None 100 — — 
CH,.CH’CH,°CO,H (IV) By None 100 0 — 

»» os we Water 100 0 _— 

ei af - Ether 100 0 ass 

” 9 os Acetic acid 100 0 ae 

” o Toluene 0 100 ails 

2» - i Petroleum 0 100 —_ 
CH,:CH:CH,°CO,Et (V) me None 0 100 — 
CH,°CH:CH:CH,°CO,H (VI) ef None 8 92 — 

- ee ie Water 8 92 — 
(CH;),C:CH’CH,°CO,H (VII) a None 0 100 —_ 

» a om Water 0 100 can 
CH,:CH-[CH,],°CO,H (VIII) ys None — 100 0 

o 9» on Water — 100 0 

” ” ” Ether — 100 0 

m = os Toluene — 0 100 
CH,:CH-[CH,],°CO,Et (IX) a None — 0 100 
(CH,),C°:CH’*[CH,],°CO,H (X) ee None --- 0 100 

” ” ” Water —— 0 100 





* Some standard works of reference even generalise incorrectly, stating that the halogen always 
enters at a point as far as possible from the carboxyl group. 
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In 1881, Fittig and Geisler (Annalen, 208, 44) showed that pyroterebic acid (VII) 
differed from all other known unsaturated acids both in the ease with which it reacted 
with hydrogen bromide in water and in the fact that no hydrobromide then separated : 
distillation in steam of the solution so obtained yielded isohexolactone, the isolation of 
which led to the recognition of lactones as a class. These authors observed the formation 
of a crystalline solid when hydrogen bromide was passed into the acid, but could not isolate 
the presumed hydrobromide owing to its unusual instability. We have obtained it as a 
solid, m. p. 10°, and followed its decomposition into the lactone (p. 576). 

General Methods for the Synthesis of Bromo-acids.—The results indicate that a pure 
bromo-acid, R’R”CBr-[CH,]z°CO,H, can be prepared by the following general methods. 

If x =1: By the addition of HBr to R’R”C:CH*[CH,],_1°CO,H. The solvent and 
the nature of R’,R” determine the rate, but not the direction, of addition. 

If x =2 or more: (i) If R’R’ = H,H or H, alkyl; by the addition of HBr to 
R’R”C:CH:[CH,],_:*CO,H in toluene or, better, petroleum solution, or to 

R’R”C:CH-([CHg,],-1"CO,Et. 
(ii) If R’R” = alkyl, alkyl; by the addition of HBr to R’R”C:CH-(CH,],_:°CO,H under 
any conditions. 

These observations, in conjunction with recent work on the synthesis of unsaturated 
acids, have rendered accessible a number of bromo-acids with the halogen atom in the 
B- or a more remote position. The utilisation of these for synthetic purposes is being 
further investigated; but their application to the preparation of adipic, pimelic, S-methyl- 
glutaric, and $-methyladipic acids is now described. 

Theory of the Addition.—The addition of hydrogen bromide to an olefinic acid may be 
considered as irreversible under the experimental conditions used. Any spontaneous 
elimination of hydrogen bromide from the product takes place with the formation of a 
lactone and not of the parent acid. This type of elimination, which only occurs appre- 
ciably in the presence of water, can be neglected for the additions here studied. The 
addition being irreversible, the proportion of the hydrobromides formed in no way repre- 
sents an equilibrium, but rather the resultant of two competing reactions. The fact 
that the product is in most cases homogeneous, or nearly so, merely shows that the 
velocity (and hence the activation) of one mode of addition is considerably greater than 
that of its competitor. 

The influence both of solvents and of substituents on the direction of the addition, 
which has been shown experimentally to be of such importance, can be interpreted on 
the basis of the electrochemical theory of reaction developed by Lapworth, Robinson, 
and Ingold. Although doubtless other factors are operative to some extent, the agree- 
ment of the experimental facts with the demands of this theory is such as to render dis- 
cussion along other lines unnecessary at the present stage. In its relation to the present 
work, this theory is based on the recognition by Lapworth of the anionoid reactivity of 
the double bond (Nature, 1925, 115, 625) and on the distinction drawn by Robinson 
between the operation of the permanent (inductive) polar effects of groups and those 
latent polarisations which lead to reaction (J., 1926, 401). It is appropriate to refer more 
particularly to the work of Lucas, who was the first to connect the directing influence 
of alkyl groups on the addition of hydrogen halide to olefins with the capacity of these 
groups for repelling electrons in comparison with hydrogen (J. Amer. Chem. Soc., 1924, 
46, 2475; 1925, 47, 1459); to that of Ingold and his collaborators (particularly J., 1931, 
2354, 2746); and to that of Burkhardt and Cocker (Rec. trav. chim., 1931, 50, 837). 

The carboxyl group of an unsaturated acid dissolved in an inert solvent polarises like 
an ester (A). This effect, provided that some mechanism is available for its transmission, 
will facilitate polarisation of the double bond in the sense (B). This will lead, following 

(™ (Xb— “™ 
(4.) —C=O —C—C C—O (B.) 

\OH NOH 
the general theory of addition to olefins, to preferential combination of hydrogen (8 +) 
to the proximate carbon, and of bromine (8 —) to the distant carbon atom. The effect 
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of the carboxyl group will be transmitted along the methylene chain only to a consider- 
able extent through one carbon atom (from the evidence, for example, of the dissociation 
constants; preceding paper), and its main effect must operate through space, probably 
that immediately surrounding the molecule. No appreciable disturbance will be caused 
either by the inert solvent or by the equally inert methylene chain of the acid and a 
considerable effect will reach the double bond, however distant, provided the solution 
of the acid be sufficiently dilute. The operation of this “direct” or “ field” effect has 
been recognised in the case of undecenoic acid by Robinson (“ Outline of Electrochemical 
Theory of Organic Reactions,” Institute of Chem., 1932. Cf. Robinson and Robinson, 
J., 1926, 2204; Ingold, 4me Conseil de Chimie, Inst. Solvay, 1931, 493; Ingold and Rams- 
den, J., 1931, 2746). Robinson further suggests that, if a polar solvent such as water 
be present, the effect of the carboxyl group is interrupted by the presence of ions, and 
the same may be presumed to occur in the acid alone and in ethereal solution. Evidence 
in support of these views is supplied by the results obtained for vinylacetic and allyl- 
acetic acids and their esters. 

It must, however, be admitted that the exact agreement between the results obtained 
for additions to the wet acid and those to the acid alone (that is, surrounded by similar 
molecules) or in ethereal solution is unexpected, in view of the large differences between 
these solvents in such properties as dielectric constant. It might be suggested that the 
distinction between the two types of solvent (p. 569) is connected with the capacity of 
the oxygenated solvents to form oxonium compounds with the hydrogen bromide, which 
is not possible in the case of the hydrocarbons (cf. McIntosh and his co-workers, J., 1904, 
85, 919; J. Amer. Chem. Soc., 1908, 30, 1103; etc.). Such an explanation, however, fails 
to account for the fact that unsaturated esters containing the group CH,:CH:, which will 
undoubtedly tend to form oxonium compounds (cf. Maass and McIntosh, J. Amer. Chem. 
Soc., 1912, 34, 1273, for ethyl acetate), add hydrogen bromide in the absence of solvent 
in the same direction as the corresponding acids dissolved in toluene. Neither does any 
explanation based on the association of the acid in oxygenated solvents appear tenable 
in view of the known association of acetic acid in benzene solution, whence it may be 
assumed that the unsaturated acids are also associated in toluene solution. 

If the field effect of the carboxyl group be eliminated as in additions in water, acetic 
acid, or ether, or in the absence of solvent, the direction of addition will be determined 
by the inductive effects of the alkyl groups surrounding the double bond. The operation 
of these effects can be recognised, for example, in a comparison of the dissociation con- 
stants of the unsaturated acids concerned (this vol., p. 562). The two extreme preferred 
polarisations may be represented as : 


Hy H 
Type (i) _ \C=C¢ , leading to CHy*CHBr-[CH,],"CO,H 
H’ * (CH, ],"CO,H 
CH OH 
and Type (ii) pie eG , leading to [CH,],CBr-CH,*[CH,],"CO,H 
CH,” *®*{CH,],-CO,H 


in complete agreement with the experimental results for both A®- and A’-acids [Found 
for x = 1 or 2: Type (i), 100% proximate Br; type (ii), 100% distant Br]. 

In the more balanced system CH,*CH:CH-[CH,]:°CO,H, if x is 1, we may expect that 
the carboxyl group, exerting its influence along the chain, will weaken the inductive 
effect of the methylene group on the double bond, so that there will be an advantage 


CY 
for the polarisation CH,—-> CH—CH <—-CH,°CO,H, leading to the formation mainly of 
a y-bromo-acid (Found: 92% y-bromo-acid). If x is 2 or more, the balance should 
become more even and the amount of the proximate bromo-acid formed should rapidly 
rise to about 50%. We have not yet examined any such systems, but it is of interest 
that Fichter and Langguth (loc. cit.), by the addition of aqueous hydrogen bromide to 
A’-n-hexenoic acid (x = 2), obtained a bromo-acid which yielded y-hexolactone on 
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decomposition with boiling water. No yield of lactone is stated, but it is clear that the 
y-bromo-acid must have been formed to a considerable extent. 


EXPERIMENTAL. 


The unsat. acids were prepared by the methods given in the preceding papers, unless other- 
wise stated. The addition of HBr was carried out as follows : 

HBr (from Br and C,,H,) was passed through U-tubes containing C,,H,, P,O,;, and dry 
glass wool into the acid (about 4 g.) in a U-tube, fitted with ground glass taps and cooled in 
H,O (for the expts. with solvents a larger U-tube containing three bulbs was employed which 
permitted the use of some 25 c.c. of solution. All joints were of ground glass), until weighing 
showed that an excess of HBr had been absorbed. If no solvent was used, the tube, having 
been kept closed over-night for completion of the reaction, was transferred to a vac. desiccator 
containing KOH and left with the taps open until there was no further loss in wt. In the 
expts. in which a small amount of H,O was added, the products were treated similarly, but in 
this case the reaction was generally more rapid. The Et,O and C,H, used as solvents were 
dried over Na and redistilled before use. The U-tube containing solutions of acids in these 
solvents was cooled in ice and a large excess of HBr was absorbed. The tube was left closed 
over-night and the solvent and excess of HBr were then removed by means of a pump and 
finally in a vac. desiccator containing KOH. 


1. Butenoic Acids. 


Crotonic acid (I), m. p. 72-5°, was fused at 80° and treated with dry HBr for 2 hr; the 
oily product was allowed to cool and again saturated with the gas. After 12 hr., removal of the 
excess of HBr left a const. wt. of a pale yellow liquid, which solidified at — 15° to white plates 
of 8-bromo-n-butyric acid, m. p. 17—17-5° (Brulé, Bull. Soc. chim., 1909, 5, 1019, gives m. p. 
17—18°) (Found: M, by titration with baryta, 169-2. Calc., 167-1). 

y-Bromobutyric acid, prepared from y-butyrolactone by Henry’s method (Compt. rend., 
1886, 102, 369), crystallised from light petroleum at — 15° in white flattened needles, m. p. 32— 
33° (lit., 32—33°) (Found: M, 166-5). 

Analysis of Mixtures of B- and y-Bromobutyric Acids.—This was the most troublesome of all 
the analyses of mixed bromo-acids. The method which was successfully applied to other pairs of 
bromo-acids depends on the fact that their barium salts decompose in boiling aq. solution. Both 
yield lactones, but the @-lactone from the $-bromo-acid decomposes irreversibly into the 
8-hydroxy-acid and some olefin, whereas the y-lactone forms only a trace of hydroxy-acid. 
8-Bromobutyric acid, however, yielded a small amount of y-acidic material under these con- 
ditions and analyses of mixtures therefore tended to give results about 5% high in y-bromo- 
acid content. 

In a modification of the method the bromo-acid (or a known mixture) was neutralised with 
Ba(OH), aq., the solution boiled under reflux for 15 min., an excess of Ba(OH), aq. added, and 
the solution boiled, filtered, and after the addition of an excess of H,SO,, boiled for 15 min., 
to ensure lactonisation of all y-hydroxy-acid; it was then cooled and exactly neutralised with 
Ba(OH), aq., a known excess of standard Ba(OH), aq. added, and, after boiling and cooling, 
the excess of Ba(OH), titrated with H,SO, (cf. Linstead, J., 1932, 121). The y-lactone corre- 
sponding to the y-bromo-acid in the original material could thus be estimated. The two pure 
bromo-acids gave the following figures : y-bromo-acid, 100% y; §-bromo-acid, 4:7% “ y.” 

This method was employed for the analysis of the addition products and the results were 
corrected by comparison with those obtained for the pure bromo-acids. For confirmation, the 
actual conversion of the bromo-acids into y-butyrolactone was also carried out. 

Addition of Hydrogen Bromide to Vinylacetic Acid (IV).—(i) Without solvent. The acid 
(m. p. — 36°; this vol., p. 560) reacted slowly with HBr and the usual process had to be 
repeated several times before reaction was complete. The hydrobromide, isolated in two expts. 
in quant. yield, had M 168-6, 167-2 (calc., 167) and, by the analytical method described above, 
contained 6-9, 6-5% (observed) or 1—2% (corr.) of y-bromo-acid. 

(ii) With 4% of water.* The products of three expts. had M 164-0, 165-0, 164-2 and contained 
5-2, 0-9, 2-0 (obs.) = 0% (corr.) of y-bromo-acid. 

The hydrobromides formed in these five expts. were united and neutralised with aq. 
Ba(OH), and the solution was boiled for 15 min. under reflux, neutralised with NaHCO,, 


* This small amount of water was used throughout to prevent appreciable lactone formation from 
the less stable y-bromo-acids. 
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and extracted continuously with Et,0: 7-11 g. of bromo-acid thus gave 0-15 g. of y-acidic 
material, from which scarcely any y-butyrolactone (0-016 g.) could be obtained by distillation 
in vac. The amount of y-bromobutyric acid produced by addition either with or without 
H,0O was thus less than 4%. 

(iii) In ether (50% by vol.). The bromo-acid formed would not solidify at — 15°. An 
attempt to convert it into y-butyrolactone by the method described above showed that it 
contained only a trace (0-4%) of y-bromobutyric acid. 

(iv) In toluene. A preliminary expt. was made with a solution containing 50% of vinyl- 
acetic acid by vol. After removal of the solvent, the residue readily solidified in a freezing 
mixture, leaving a few drops of a purple liquid. This impurity, unlike the two bromo-acids, 
was insol. in light petroleum (b. p. 40—60°), and the bromo-acid was accordingly extracted with 
this solvent. On removal of petroleum by means of a pump, the residue formed white crystals, 
m. p. 32°, after draining on porous tile. 

The expt. was repeated with the acid dissolved in toluene (4 vols.), the trace of impurity 
being separated as before. The product had m. p. 32° and M 167-1. It was analysed by the 
general method described on p. 574 for y-bromovaleric acid (Found : 99% y-bromobutyric acid). 
After treatment with boiling Ba(OH), aq. and NaHCO, aq., extraction with Et,O as described 
above yielded 95% of y-butyrolactone, M 86-6 (calc. 86), m. p. (corr.) —48°, mixed m. p. with 
authentic y-butyrolactone —48-5° (cf. following paper). 

(v) In glacial acetic acid (50% by vol.). Absorption was rapid. After removal of the 
AcOH and excess of HBr, the yellow liquid had M 168-0 and contained less than 1% of y-bromo- 
acid. The m. p. (8°) was rather low, possibly owing to the presence of a trace of lactone. A 
mixture with authentic 6-bromo-acid melted at 12—13°. 

(vi) In petroleum. A 20% solution of the acid in Na-dried petroleum (b. p. 40—60°) was 
used. Absorption was rapid and the bromo-acid commenced to separate from the ice-cold 
solution as an oil. Removal of the solvent after a few hours left a residue, which solidified in 
a freezing mixture to the pure y-bromo-acid, m. p. and mixed m. p. 33° (Found: 99-3% 
y-bromo-acid; M, 167-1). This acid was converted as before into y-butyrolactone, M 86-3, 
m. p. (corr.) — 48°, mixed m. p. —48-5°. The y-bromo-acid made in this way is free from the 
oily impurity obtained by using toluene as solvent. 

Addition of Hydrogen Bromide to Ethyl Vinylacetate (V).—The ester, prepared from the 
silver salt and EtI, had n?* 1-4102, d2” 0-9192, [R;,]p 30-74 (calc., 30-98) (cf. Bruylants, Bull. 
Soc. chim. Belg., 1929, 38, 133). 

The ethyl esters required for reference were prepared from 8- and y-bromobutyric acids by 
the method used by Wohlgemuth (Aun. Chim., 1914, 2, 298) for the prepn. of ethyl y-bromo- 
valerate. Ethyl $-bromobutyrate (Lespieau, Compt. rend., 1904, 139, 739), obtained in 75% 
yield, had b. p. 81°/17-5 mm., n?° 1-4485, d” 1-3214; whence [R;]p 39-75 (calc., 40-31). Ethyl 
y-bromobutyrate (Henry, Joc. cit.) had b. p. 94°/18 mm., nj” 1-4569, dP" 1-3540; whence [Rz]p 
39-41. Both bromo-esters set to a glass at a low temp. 

The addition of HBr to ethyl vinylacetate was carried out exactly as for the acid, no solvent 
being used. The reaction was fairly fast, only one saturation being required. After removal 
of the excess of HBr over KOH, the product was distilled and gave an almost theo. yield of 
bromo-ester, a little high-boiling substance being the only by-product. The addition product 
was almost pure ethyl y-bromobutyrate; it had b. p. 96°/18-5 mm., nj) 1-4558, d? 1-3577, 
which agree closely with the corresponding constants of the y-bromo-ester and differ considerably 
from those of the 8-bromo-ester, and gave an 86% yield of adipic acid, m. p. (“‘ crude”’) 149°, 
mixed m. p. 150°, on treatment as in the following method, which was found satisfactory for 
pure bromo-esters. 

Ethyl sodiomalonate, prepared in suspension in C,H, (dried over Na) from Na (pressed into 
thin sheets under light petroleum) and 10% excess of ethyl malonate (cf. Gabriel and Coiman, 
Ber., 1909, 42, 1244), was boiled under reflux (CaCl, guard-tube) with the bromo-ester (exactly 
equiv. to the Na used) for 24 hr. The C,H, was removed completely from the neutral product 
by means of a pump, and the ester, isolated by extraction with Et,O, was boiled under air reflux 
for 20 hr. with conc. HCl (2 vols.), the HCl then removed, and the decarboxylation completed 
by heating the residue at 150—170°; the acid was finally dried in a desiccator and weighed. 
Ethyl 8-chloropropionate thus gave 85% of glutaric acid; ethyl 6-bromobutyrate gave 85% 
of 8-methylglutaric acid, m. p. (crude) 75—77°, 86° after crystn. from C,H,—light petroleum, 
mixed m. p. 85—86°; and ethyl y-bromobutyrate gave 72% of adipic acid, m. p. (“ crude ”’) 
149-5°, mixed m. p. 150°. 

QQ 
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2. n-Pentenoic Acids. 


As-n-Pentenoic acid (II) was prepared by the method of v. Auwers (Amnalen, 1923, 432, 46), 
modified as described by Boxer and Linstead (J., 1931, 747) for the prepn. of the higher homo- 
logue, and was purified by fractional melting of the solidified acid. It had b. p. 106°/20 mm., 
m. p. 9°5°, n®” 1-4513, d2" 0-9903 (cf. v. Auwers, loc. cit.). A small excess of HBr was led into 
the acid, which then rapidly solidified with evolution of the uncombined gas. The product 
crystallised from light petroleum in long white needles of pure $-bromovaleric acid, m. p. 
58-5—59° (Found: Br, 443; M, 180-8. Calc.: Br, 442%; M, 180-9);* yield, theo. 
This method of prepn. is more convenient than that used by Fittig and Spenzer (Aznalen, 
1894, 283, 73) and Fittig and McKenzie (ibid., p. 82). 

A cold aq. solution of the acid yields no HBr during 16 hr., but addition of aq. AgNO, at 
any time gives a ppt. of AgBrin 4sec. After boiling, the aq. solution gives an immediate ppt. 
with AgNO, . 

y-Bromo-n-valeric acid was prepared from y-valerolactone by Wohlgemuth’s method (loc. 
cit.), and was purified by freezing a conc. solution in light petroleum, filtering the solid acid at 
a low temp., and drying it ina vacuum desiccator in acold room. Yield, 77%; burr-like needles, 
m. p. 22-5° (lit. 21°); M, 182-4. The reversal of this reaction is described below. 

Estimation of Mixtures of B- and y-Bromo-n-valeric Acids.—The principle of the method has 
been indicated on p. 572. 

8-Bromovaleric acid (3 g.) was boiled under reflux with H,O until there was no more smell of 
olefin; the solution was neutralised with NaHCO, and extracted continuously with Et,O for 
24hr. The extract gave a trace (0-4%) of the original acid and no lactone. Similarly treated, 
the y-bromo-acid gave a 75% yield of y-valerolactone, b. p. 88°/14 mm., m. p. — 35°; M, by 
back titration, 101-1 (calc., 100-1). For quant. purposes, a known wt. of the acid (ca. 0-2 g.) 
was dissolved in 100 vols. of neutral 50% H,O-EtOH, exactly neutralised with Ba(OH), aq., 
and boiled under reflux for not less than 80 min. The liquid was cooled and titrated with 
Ba(OH), to neutralise the trace of acid present. The lactone was then determined by boiling 
the solution with a known excess of Ba(OH), and titrating the excess. The following results 
were obtained : 


% y-Bromo-acid (true) 46°5 93°5 
” ” 46°8 92°8 
Addition of Hydrogen Bromide to A8-n-Pentenoic Acid (V1).—The acid (this vol., p. 560) had 
m. p. 15°. The addition of HBr was carried out as before, and the product analysed by the 
method given above : 


Equiv. % Br % Equiv. % Be y A 
(calc. (calc. y- -Bromo- (calc. (calc. y-Bromo- 
180°9). 44:2). acid. 180°9). 44:2). acid. 
Dry acid { 182°4 43°6 92° 3} Acid + 4% water 185°7 — 93°2 
sa 183°8 — 91°8 “~ Pa fo 43°5 a? 
* 187 (?) — 91°4 id a 185-0 — 92°5) 


It will be seen that there is a slight lactonisation of the product, giving a high equiv. and 
low % Br. The main product of the addition was confirmed to be y-bromovaleric acid by its 
conversion into y-valerolactone by the method already described. The product from the “‘ wet ” 
hydrobromination gave a lactone, b. p. 92—93°/18 mm., m. p. — 35-5°, M 100-4; that from the 

‘dry ”’ hydrobromination was similar. 

Addition of Hydrogen Bromide to AY’-n-Pentenoic (Allylacetic) Acid (VIII).—A solution of 
§-valerolactone (this vol., p. 583) in rather less than half its wt. of H,O was saturated with 
HBr at 0°, kept for 24 hr., heated at 100° for 30 min., cooled, and saturated with HBr; the 
process was repeated and from the product, diluted with H,O, Et,O extracted §-bromovaleric 
acid (90% yield), m. p. 40°, after recrystn. from light petroleum [Found: Br (Carius), 44-6. 
Calc., 44:2%]. Cloves (Annalen, 1901, 319, 367) gives m. p. 39—40°. The acid may be kept 
for 6 months without change. 

A’-n-Pentenoic acid, m. p. — 22-5° (this vol., p. 582), was treated with HBr in various 


* The determination of the equiv. by titration with N/10-Ba(OH), was done rapidly, as the end- 
point faded owing to the liberation of HBr from the barium salt. The determination of Br in this and 
similar acids was readily carried out by boiling the acid with a slight excess of halogen-free NaOH aq. 
for 15 min., acidifying the solution with conc. HNO,, and estimating the halogen as AgBr. 
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solvents by the methods already described. The products were removed from the U-tubes and 
cooled to 0°. 

(i) In the absence of solvent. The product readily solidified and after being dried on a porous 
tile had m. p. 19—21°, alone or mixed with y-bromovaleric acid. 

(ii) With $% water. The product had m. p., and mixed m. p. with y-bromovaleric acid, 
18—20°. 

To remove traces of lactone, the above products were recrystallised from light petroleum 
and then yielded the pure y-bromo-acid, m. p. 22°. 

(iii) In ether (50% by vol.). Addition was somewhat slower than to the pure acid. A trace 
of ester was formed, probably from EtOH produced by the action of HBr on the solvent. The 
products of two expts. had m. p. 22°, 20°, not depressed by admixture with the y-bromo-acid. 

(iv) In toluene (50% by vol.). Addition was rapid. The solvent was removed immediately 
after complete absorption of the HBr; the residue, which solidified completely in ice, had 
m. p. 40°, unchanged by admixture with §-bromovaleric acid. A similar product, m. p. 40°, was 
obtained when the mixture was kept over-night. This is undoubtedly the readiest way of 
preparing §-bromovaleric acid. 

Addition of Hydrogen Bromide to Ethyl A’-n-Pentenoate (IX).—The unsaturated ester, 
prepared via the silver salt, had b. p. 144—144-5°, d?° 0-9014, un?” 1-4142, whence [R,;]p 35-53 
(calc., 35-71). Ethyl :y-bromo-n-valerate (Wohlgemuth, Joc. cit.) had b. p. 105—107°/20 mm., 
ad" 1-2814, n®" 1-4533, [Rz]p 44:12 (calc., 43-83). Ethyl 8-bromo-n-valerate, similarly prepared 
from the solid $-bromo-acid, had b. p. 105—107°/15 mm., d?" 1-2804, n?” 1-4543, [Rz]p 44:23. 
These bromo-esters do not exhibit differences in physical properties comparable with those 
between ethyl B- and y-bromobutyrates. 

The addition of HBr to the unsaturated ester, which was effected without the use of solvent 
and was comparatively slow, yielded 70% of a product, b. p. 104—110°/15 mm., d®” 1-2801, 
ny, 1-4547, resembling the 8-bromo-ester. To prove the orientation, the method of malonation 
and hydrolysis described on p. 573 was employed. By this method, ethyl y»-bromo-n-valerate 
gave an 80% yield of 8-methyladipic acid, m. p. (crude) 92°, 95° after crystn. from C,H, and a 
little light petroleum, not depressed by admixture with authentic 6-methyladipic acid. Ethyl 
3-bromo-n-valerate similarly gave 71% of pimelic acid, m. p. (crude) 96—99°, 104° after crystn. 
from C,H,, 105° admixed with an authentic specimen. 


The hydrobromide of ethyl A’-pentenoate gave a 75% yield of a product, m. p. 97—99°, 
105° after crystn. from C,H,, not depressed by admixture with authentic pimelic acid. 


3. isoHexenoic Acids. 


A*-isoHexenoic acid (III) (Goldberg and Linstead, J., 1928, 2343), b. p. 105°/11 mm., m. p. 
— 32°, M 114-2 (calc., 114-1), when treated with HBr in the absence of a solvent, yielded 
8-bromoisohexoic acid as a pale yellow liquid, which formed a glass at — 78° (cf. Braun, Monatsh., 
1896, 17, 218) (Found: Br, 41:0; M, 195-1. Calc.: Br, 40-:9%; M, 194-9). The acid is 
sparingly sol. in H,O, and the solution develops no free HBr. When the acid was boiled with 
H,O, the usual decompositions observed by Fittig for 8-bromo-acids occurred, but a little 
y-acidic material, probably B-lactone, also appeared. This was also obtained when a neutral aq. 
solution of the sodium salt was boiled for 30 min. The solution produced was extracted with 
ether; the small amount of liquid isolated from the extract was treated with aq. NaHCO,, and 
from this solution Et,O extracted practically nothing, the absence of a stable y-acid such as the 
y-lactone thus being proved. 

Bromoisohexoic acid was prepared as follows: isoHexolactone, prepared by boiling 
A8-isohexenoic acid for 5 hr. (Linstead, Joc. cit.), was freed from traces of acid over K,CO, and 
redistilled; b. p. 94°/20 mm., m. p. 8-5°, M 114-1. Dry HBr was passed into the lactone at 
100° for 30 min., and the liquid allowed to cool in the stream of the gas and kept in a closed 
vessel over-night. The mixture was freed from a trace of brown oil by extraction with light 
petroleum, and the solvent removed. The residue slowly solidified at — 15° to the charac- 
teristic burr-like masses of a y-bromo-acid; m. p. — 4° (Found: Br, 35-1. Calc., 40-9%). 
It is doubtful whether this bromo-acid can be obtained pure from the very stable lactone, into 
which there is a great tendency for it to revert. 

Addition of Hydrogen Bromide to A8-isoHexenoic (Pyroterebic) Acid (VII).—The A®-acid was 
prepared in 50% yield from the A*-isomeride (Linstead, Joc. cit.) and had b. p. 84/4° mm., 
m. p. — 2°, nf’ 1-4455, d? 0-9758, M 114-2. The physical properties were determined 
immediately after the final distillation of the freshly prepared acid and are slightly different 
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from, and probably more correct than, those previously reported (m. p. — 4-5°, nj’ 1-4465, 
ad" 0-978). The iodine addition was 93-5% in 5 min. at 20°. 

The acid reacted with dry HBr with the greatest ease, and on removal of the excess of gas 
and cooling, the product formed needles, m. p. 10°. This is much purer y-bromoisohexoic acid 
than that prepared from the lactone (above) (Found: Br, 41-55. Calc., 40-99%). A mixture of 
the two prepns. melted at about 4°. 

The position of the Br atom was determined by the method used for the hydrobromide of 
A®-n-pentenoic acid. The products of two additions, using dry HBr, gave 100-0 and 100-2% 
of y-bromo-acid. To check the method, a synthetic mixture containing 94-6% of the y-bromo- 
acid (m. p. 10°) and 5-4% of the 8-bromo-acid was analysed; 94-2% of y-bromo-acid was found. 

The products of two additions of HBr in the presence of $% H,O contained 100-2 and 99-3% 
of y-bromo-acid. 

The composition of the hydrobromides prepared by these processes was confirmed as follows : 
the addition products were neutralised with NaOH aq., and the solutions boiled for 5 min. under 
reflux, acidified with H,SO,, and again boiled for 5 min. to lactonise all y-hydroxy-acid. The 
solutions were cooled, saturated with NaHCO,, and extracted with Et,O0. The y-lactone, thus 
extracted, was distilled and its m. p., alone and mixed with y-isohexolactone, determined. The 
properties of the lactonic products are tabulated below. 


Yield, %. B. p. M. p. Mixed m. p. Equiv. 
From “ dry ’’ hydrobromide ...... 92 93°/19 mm. 84° 8:2° 113°9 
From “ wet’’ hydrobromide ...... 87 97/22 mm. 8°5 82 113°8 
Pure y-isohexolactone ..........++++ 94/20 mm. 8°5 — 114°1 


It is thus established that (i) A®-isohexenoic acid adds HBr to give entirely the y-bromo-acid, 
and (ii) this bromo-acid is decomposed by alkali to yield pure y-isohexolactone. The bromo- 
acid is very unstable in H,O, being completely dissolved in 1 min., and gives an immediate ppt. 
with AgNO, . 

4. A’-isoHeptenoic Acid (X). 


The acid was prepared from isoprene and purified as described on p. 584. It had m. p. 
— 33° and the other properties there stated. 

y-Bromo-3-methylhexoic acid, prepared by passing HBr into moist y-isopropyl-y-butyro- 
lactone (this vol., p. 584) for 1 hr. and cooling the product in a freezing mixture, formed (theo. 
yield) flattened needles, m. p. 41°, after draining on porous earthenware and recrystn. from light 
petroleum (Found: Br, 38-0. C,H,,0,Br requires Br, 38-2%). Fittig and Zanner (Annalen, 
1889, 255, 93) describe the prepn. of the hydrobromide of A%-isoheptenoic acid, which was 
considered to be this y-bromo-acid. Their prepn. was, however, an oil, and probably con- 
tained some $-bromo-acid. 

3-Bromo-3-methylhexoic acid was similarly prepared by passing HBr into 2 g. of 8-isohepto- 
lactone (this vol., p. 585) diluted with 1 c.c. of H,O. After 30 min. the product became solid ; 
it then crystallised from light petroleum in large flattened needles (3-1 g.), m. p. 45° (Found : 
Br, 37-9. C,H,,0,Br requires Br, 38-2%). The addition of a small quantity of the y-bromo- 
acid depressed the m. p. 

When HBr was passed into the dry unsaturated acid (X) there was considerable evolution of 
heat and absorption was complete in 30 min. On being cooled and scratched, the product 
solidified. It melted at 45°, alone or mixed with pure 3-bromo-3-methylhexoic acid. In a 
similar expt. in the presence of }% H,O there was an even greater evolution of heat but absorption 
of the gas appeared to be complete only in 45 min. The product melted at 45°, alone or mixed 
with the pure $-bromo-acid. 

Addition of HBr had thus occurred to give solely the $-bromo-isomeride. 


The authors are much indebted to Professor R. Robinson, F.R.S., for his helpful suggestions 
and to the Chemical Society and the Royal Society for grants. 
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145. Investigations of the Olefinic Acids. Part X. The Formation 
of Lactones from A*- and A*-n-Butenoic and -Pentenoic Acids. 


By E. J. Boorman and R. P. LINSTEAD. 


In Part VI (J., 1932, 115) it was suggested that in the series ¢vans-crotonic acid—vinylacetic 
acid—y-butyrolactone (I, II, and III; R1!, R? = H,H) tautomeric change in the direction 





H 
ft of Oe 
HO—CO HO—CO O CO 
(I.) (II.) (III.) 


(II) —~> (I) would occur to the exclusion of lactonisation. This was indicated by the 
work of Fichter and Sonneborn (Ber., 1902, 35, 938) and by the fact that the A*’-acid could 
be prepared by the hydrolysis of its nitrile (Bruylants, Bull. Soc. chim. Belg., 1922, 31, 228 ; 
1924, 33, 334) under conditions normally favourable to lactonisation. 

The addition of hydrogen bromide to vinylacetic acid in active solvents (preceding 
paper) is entirely in the direction shown below : 

CH3°CHy°CH, s—f"z + HBr 
(IV.) | <— CH,—CH-CH,°CO,H ——> CH,°CHBr-CH,°CO,H 
Pe 

This result was correlated with the tendency of the double bond to polarise preferentially 
in the manner indicated by the arrow x. Applied to the self-addition of the carboxyl 
group in the same substance, this tendency would lead to the formation of $-butyrolactone 
(IV) and would oppose the formation of y-butyrolactone. If it be assumed, however, 
that the carbon chain in the phase most favourable for ring closure is coiled with tetra- 
hedral angles at the corners, the oxygen of the carboxyl group does not normally approach 
the $-carbon atom as closely as is necessary for the formation of 8-butyrolactone. More- 
over, no $-lactone would be stable under the conditions of reaction normally employed. 

Theory thus suggests that the lactonisation of vinylacetic acid in either sense (8 or y) 
will be inhibited by constitutional factors and that the principal reaction will be tautomeric 
change into the stable At-form. A re-examination of this acid and its isomerides under 
the conditions described in Part VI verified these anticipations. On being boiled with 
50% sulphuric acid under Fittig’s conditions, vinylacetic acid yielded crotonic acid but 
no y-butyrolactone, in agreement with Fichter and Sonneborn (loc. cit.), and the same 
result was obtained when the acid was boiled alone or in decalin for a considerable time. 
The non-formation of y-lactone cannot be attributed solely to the irreversible change of 
the A®- into the A*-acid, because when the former acid is left at room temperature with 
60% sulphuric acid, no lactone is produced but there is no appreciable tautomeric change. 
In its inertia in these circumstances vinylacetic acid is unique among the A?-acids so far 
examined. As anticipated, crotonic acid showed no tendency to tautomerise or lactonise, 
and y-butyrolactone was also found by independent experiments to be stable under all 
these conditions. 

n-Pentenoic Acids.—If the reactivity of unsaturated acids is determined by the order 
but not by the nature of the alkyl substitution, the m-pentenoic acids (I and II; R! = Me, 
R? = H) should differ sharply from the butenoic acids discussed above, but should resemble 
the u-hexenoic acids previously investigated. Experiment completely verified this 
deduction : A®-n-pentenoic acid gave y-valerolactone (III; R!= Me, R? = H) readily 
with hot 50% sulphuric acid, slowly with the 60% acid in the cold, and not at all on 
being boiled alone. A*%-u-Pentenoic acid, on the other hand, was unaffected by the cold 
60% acid, but was rapidly tautomerised and lactonised by hot 50% sulphuric acid. As 
indicated in Part VI, Fittig and McKenzie’s statement (Aznalen, 1894, 283, 86) that this 
A*-acid is stable to boiling 50% sulphuric acid is incorrect: we find that there is an 
appreciable change under their experimental conditions and that lactonisation is practically 
complete in an hour. 
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Hydrolysis of the Lactones.—The reversible hydrolysis of -y-n-butyro-, --valero-, --hexo-, 
and -isohexo-lactones into the corresponding hydroxy-acids in boiling water has now been 
measured by a new method with the object of collecting comparative data for future 
examination. For the same reason, the rates of formation of the first two lactones from 
their hydroxy-acids in neutral solution have also been determined. These results are 
on p. 580; consideration of them is deferred. 


EXPERIMENTAL. 


The equivs. (M) of acids and lactones and the proportions of mixtures of isomeric acids and 
lactones were determined by titration with Ba(OH), (Linstead, loc. cit., p. 121). M.p.’s at low 
temps. are corrected for stem exposure. Densities and refractive indices are for d?° and nj" 
throughout. 

Materials.—The four unsat. acids were prepared and purified by the methods described in 
the preceding papers, and had the properties there given. 

y-Butyrolactone (cf. Frihling, Monatsh., 1882, 3, 700). A mixture of 53 g. of trimethylene 
chlorohydrin (b.p. 64°/14 mm. to 68°/12 mm.) and 200 c.c. of rectified spirit was boiled while 
KCN (41 g. of 95% salt in 60 c.c. H,O) was run in, then for 22 hr., and finally, after addition of 
41 g. KOH in 45 c.c. H,O, until no more NH, came off (12 hr.). The EtOH was boiled off, and 
the aq. residue extracted twice with Et,O to remove neutral products and acidified (Congo-red) 
with HCl aq. Continuous extraction with Et,O (48 hr.) removed a liquid which on distil- 
lation gave first H,O and then the crude lactone at 200—210°. This fraction was left in 
contact with K,CO, in a desiccator for 24 hr. and then fractionated (b. p. 84—86°/12 mm.) : 
repetition of this treatment gave y-butyrolactone (free from acid), b. p. 83-5°/12 mm., ” 1-4354, 
d 1-1299; whence [R;]p 19-88; M 86-2 (calc., 86-1). The lactone solidified in solid CO,-Et,O 
to a mass of leaflets, m. p. — 48°. The yield was 30%, calc. on the chlorohydrin. The lactone, 
treated with HBr, gave a y-bromobutyric acid having the same properties as that described by 
Henry (Compt. rend., 1886, 102, 369; this vol., p. 572). 

y-Valerolactone. This was prepared by the reduction of levulic acid (Wohlgemuth, Ann. 
Chim., 1914, 2, 298) and purified in the same manner as the y-butyrolactone. The levulic 
acid was conveniently prepared as follows (cf. Wolff, Annalen, 1881, 208, 104) : Sucrose (900 g. ; 
starch was less satisfactory) was dissolved in warm H,O (2 1.), and 600 c.c. of conc. HCl added. 
The mixture was heated on a steam-bath for 48 hr., filtered, and evaporated to a syrup, which 
was diluted with an equal vol. of H,O and again filtered; Et,O then extracted levulic acid 
(138 g.), b. p. 161°/24 mm., which solidified readily. The y-valerolactone obtained by its 
reduction in 46% yield had b. p. 102—103°/28 mm., m 1-4322, d 1-0529, whence [Rz]p 24-67; 
M, 100-1 (calc., 100-1). It solidified readily in solid CO,—Et,O to a mass of leaflets, m. p. — 36°. 
It was characterised by conversion into the hydroxy-amide, which, although not formed as 
readily as those from the lactones previously studied (J., 1932, 122), was produced in 92% 
yield under the following conditions: A solution of the lactone in } vol. of aq. NH, (d 0-880) 
was saturated with NH, gas, and again after 24 hr. The viscous liquid was kept over H,SO, 
in a vac. desiccator until it solidified (2—3 days); the deliquescent product was triturated and 
washed with Et,O, dried on a porous tile in the desiccator, and crystallised by slow evapn. 
of the solvent from a sat. solution in CHCl,. After being dried as before, y-hydroxy-n-valer- 
amide had m. p. 51-5—52°. Neugebauer (Annalen, 1885, 227, 104) gives m. p. 50°. 

Lactonisation Experiments.—(1) Butenoic acids. The acids were treated by the methods 
described in Part VI. The products were distilled in vac. to eliminate polymeric impurity, 
but were not distilled in steam. 

(i) Vinylacetic acid, after being boiled with 50% H,SO, for 5 min. under Fittig’s conditions, 
gave a product, b. p. 85—90°/12 mm., m. p. 69—70°; acid 98%, lactone 1-5%. 

(ii) Treated similarly for 1 hr., the acid yielded an almost identical product, b. p. 80°/9 mm., 
m. p. 68—69°; acid 97-5%, lactone 2%. 

The crotonic acid obtained was shown by a bromometric method to contain not more than 
2% of vinylacetic acid. 

(iii) Separate quantities of vinylacetic acid were left with 60% H,SO, at room temp. for 4 hr., 

2 days, and 7 days : 


Properties of distilled product. 
% Residue on 





Time. % Recovery. distillation. B. p. % Acid. %Lactone. % Crotonic acid. 
4 Hr. 92 1 66—67°/8 mm. 98 2 5 
2 Days 89 19 68/5 mm. 98 2 


4 
7 Days 78 35 _ 97°5 15 10 
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All three distilled products had the general properties of vinylacetic acid and deposited no solid 
atroomtemp. Their approx. content of crotonic acid (last col.) was determined by bromometric 
titration. 

(iv) Two quantities of crotonic acid, m. p. 72°, were boiled with 50% H,SO, for 5 min. and 
l hr. The products, after distillation as before (b. p. 85°/9 mm.), contained 99% acid, 1% 
lactone, and 97-5% acid, 1-5% lactone respectively and melted at 71° and 69°. A similar expt. 
was carried out for 3 hr.: there was considerable polymerisation, but the distilled product 
was almost unchanged (m. p. 70—71°) and had an only slightly increased affinity for bromine. 

(v) Finely powdered crotonic acid was left for 7 days with cold 60% H,SO,. Solution was 
complete in about 20 min. with a slight falloftemp. 94% of the unchanged acid was recovered 
with m. p. 72°; acid 99%, lactone 0-5%. 

(vi) y-Butyrolactone after similar treatment with cold 60% H,SO, for 7 days was recovered 
unchanged (b. p. 69—70°/6 mm.; 96% lactone, 1-5% acid). 

(vii) The lactone was boiled for 3 hr. with 50% H,SO,. Some charring occurred, but 70% 
was recovered with b. p. 77°/3-5mm.; 98-5% lactone, 1-5% acid, m. p.and mixed m. p. — 49-5°. 

(2) n-Pentenoic acids. The same methods were used, but the products from the expts. 
with boiling H,SO, were distilled in steam before isolation. If x g. of unsat. acid were used, 
50x c.c. of steam distillate were collected and saturated with (NH,),SO,; the product was 
extracted continuously in Et,O (24 hr.), dried and distilled in vac. before examination. 

(i) A®-n-Pentenoic acid was boiled with 50% H,SO, for 5 min. under Fittig’s conditions. 
The distilled product contained 94-5% lactone, 4-5% acid. The lactone was identified as 
y-valerolactone by its general properties (b. p. 94°/15 mm.; m 1-4326; M, 100-4; m. p. 
— 34-5°) and by conversion into the y-hydroxy-amide of m. p. 51-5° (mixed m. p.). 

(ii) A’-n-Pentenoic acid, treated with cold 60% H,SO, for various times, gave the products 
described below : 


Time. % Recovery. B. p. % Acid. % Lactone. 
1 Hr. 81 92—97°/14 mm. 84°5 15 

¢ i 79 90—93/16 mm. 41 57°5 
_ — — 40°5 56°5 
Sm 60 94—95/16 mm. 19°5 79°5 
2 Days _— 90—93 /17 mm. 5°5 95 


The products were mixed and separated into lactone and acid. The acid was almost pure 
A8-n-pentenoic acid from its general properties (b. p. 90°/12 mm., ” 1-4346, d 0-9869, m. p. 0-5°) 
and iodine addition. The lactone was identified as y-valerolactone as before (m 1-4326, d 
1-0546, m. p. — 36-5°, m. p. and mixed m. p. of hydroxy-amide 51-5°). 

(iii) At-n-Pentenoic acid was boiled with 50% H,SO, for various times. There was only 
very slight charring during the reaction. 


Time. % Recovery. % Acid. % Lactone. 
5 Min. 73 63°5 35 
- « 60 6°5 93 
60 ,, 58 15 97 


The acid and lactone were separated from the products in the usual manner. The acid was 
the practically pure A*-isomeride, indicating that the A®-acid was lactonised as fast as formed. 
It had M 101-0, 2 1-4513, d 0-9903, m. p. 8-O—8-5° and was almost without affinity for iodine. 
The lactone was pure y-valerolactone with M 100-9, b. p. 96—97°/19 mm., ” 1-4320, d 1-0528, 
m. p. — 37°; and yielded the y-hydroxy-amide of m. p. and mixed m. p. 51—52°. 

(iv) The At-acid was allowed to stand with 60% H,SO, for 2 days. The product, obtained 
in good yield, contained 95% acid and 4% lactone. The presence of this small amount of 
y-acid appears to be fortuitous, because duplicate expts. for 7 days gave products containing 
more acid (96-5, 97% of acid and 4, 2-5% of lactone). The recovered acid was the pure 
As-isomeride ; an insufficient amount of the y-acid was available for its identification. 

(v) y-n-Valerolactone was completely unchanged after 7 days’ treatment with cold 60% 
H,SO,, and then contained no acidic material. 

(vi) The lactone was boiled for 1 hr. with 50% H,SO,. The product contained 99% lactone, 
1% acid, and had the general properties of the initial material. 

Lactonisation of y-Hydroxy-acids—These expts. were carried out by the modification of 
Hjelt’s method (Ber., 1891, 24, 1236) previously described (J., 1932, 127), with the following 
results : 
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Time of heating (hr.) ..............s.sse0e } i 3 1 1} 2 24 4 7 14 
% Formation of y-valerolactone ...... 17 29 — 44 53 57 — — —_ _— 
- pa y-butyrolactone ... 6 — 18 — 31 — 40 49 61 69 


The times for half change by interpolation are 80 min. and 4} hr. respectively. 

Hydrolysis of Lactones by Watery.—About M/500 g. of the lactone were weighed into a dry 
flask and treated with enough H,O to make an exactly N/25-solution. The flask was fitted 
with a ground-in condenser and soda—lime tube and heated at 100° for 24 hr. A further series 
of expts. was also carried out for 48 hr. to ensure that equilibria had been attained. The 
composition of the product was determined by titration of the cooled solution with N/10- 
Ba(OH), and, in the case of the 48-hr. expts., the amount of unchanged lactone was checked in 
the usual manner. 


% Hydroxy-acid formed. % Lactone unchanged 
Lactone. In 24 hr. In 48 hr. in 48 hr. 
POPU YEO cocecccovecscccccaccesseces 25°2 25°1 75°1 
PH VEIIO- cocccececcssccsccascaccosee 71 70 92°7 
POTIEMO-  ccccsccvcccccccsccvssscoess 6°6 6°8 92°3 
PHOOTIEMO= co viscecssrcececscccsescses 3°5 3°5 95:1 


Fittig and Chanlaroff (Annalen, 1884, 226, 334) found that the equilibrium in the case of 
y-n-butyrolactone corresponded with a 20-8% hydrolysis, and Fittig and Rihlmann (ibid., 
pp. 344, 345) found 6-6% and 9-3% hydrolysis for y-n-valerolactone and y-n-hexolactone 
respectively. It seems probable that the method of direct titration here used is more likely 
to lead to correct results than that used in this earlier work, which involved the isolation and 
weighing of the hydroxy-acid as a salt. The results are nevertheless of the same order. 


Our thanks are given to the Royal Society and the Chemical Society for grants. 
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146. Investigations of the Olefinic Acids. Part XI. The Formation 
of Lactones from some A’-Unsaturated Acids, and an Example of 
Ring-Chain (Lacto-Enoic) Tautomerism. 

By R. P. LinsTEAD and H. N. Rypon. 


THE lactonisation of A’-unsaturated acids is in some respects more interesting than that 
of acids with the double bond nearer the carboxyl group, because it is possible for the self- 
addition to occur in two directions with the formation of a y- or a 8-lactone : 


Ps CH, 
CH, OH C 
4 Ve a‘. 
CO CO NO 
(I.) (II.) (III.) 


Both modes of addition are stereochemically possible and both types of product are stable 
under the conditions usually employed in lactonising unsaturated acids. The theory 
developed in this series of papers requires that the direction of lactonisation of any particular 
A’-acid shall be determined by the order of the alkyl substitution about the double bond. 
The two types of polarisation of the double bond concerned are precisely those 
operative in orienting the addition of hydrogen halide to A’-unsaturated acids in “‘ active”’ 
solvents (Boorman, Linstead, and Rydon, this vol., p. 569). Of these, the polarisation 


vw) 
R'R*C—CH-[CH,],"CO,H which leads to the formation of a y-lactone should 
be favoured if the double bond is terminal (R'R* = H,H), whereas the reverse, 


(TY 
R'R*C—CH-[CH,],°CO,H, leading to 8-lactone formation should be favoured if R'R? are 
alkyl groups. 
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The present paper describes the study of allylacetic acid (II; R'R* = H,H) and 
A’-isoheptenoic acid (II; R'R? = Me,Me) from this point of view. In each case, the lactone 
actually formed from the unsaturated acid, by the action of heat or mineral acid, has been 
compared with the appropriate lactones of the y- and 8-series, which have been inde- 
pendently synthesised. The sharp contrast between the general properties of y- and 
3-lactones made the identification of the products both simple and definite. The results 
were in complete accordance with the theoretical requirements. 

The action of dilute sulphuric acid, cold or boiling, on allylacetic acid readily gave 
y-valerolactone free from the 8-isomeride. The lactonisation at room temperature was 
actually considerably faster than that of the isomeric A‘’-acid under the same conditions 
(Boorman and Linstead, this vol., p. 579), being nearly complete in 2 hours with a 
half-change period of about 25 minutes. Allylacetic acid showed little tendency to lactonise 
on being boiled alone, but a small amount of what appeared to be the y-lactone was very 
slowly formed. 

An improved method for the preparation of 38-valerolactone was developed in the 
course of this work. 

The A’-isoheptenoic acid required for the next group of experiments had been synthesised 
from isoprene as follows (Staudinger, Kreis, and Schilt, Helv. Chim. Acta, 1922, 5, 743) : 
CH,:CMe-CH:CH, —~> CMe,:CH-CH,Br (IV) —-~> CMe,:CH-CH,°CH(CO,Et), (V) —> 
CMe,:CH’CH,°CH(CO,H), (VI) —> CMe,-CH°CH,°CH,°CO,H. The work of Staudinger 
and his collaborators proved that the double bond was in the yé-position.. In view, 
however, of the structural resemblance to pyroterebic acid it appeared probable that 
the acid would yield a lactone with great facility and that the synthetic product formed 
by decarboxylating the malonic acid (VI) might contain this as an impurity. 

A repetition of the synthesis of Staudinger, Kreis, and Schilt yielded the required acid 
contaminated with some 12% of lactonic material. The acid could only be separated from 
this with difficulty by a method similar to that used for the purification of pyroterebic 
acid (Linstead, J., 1932, 124), and was then obtained as a crystallisable liquid. 

The 8-lactone required for reference (8-isoheptolactone, 53-dimethyl-3-valerolactone ; 
XIII) was unknown, and the y-lactone (y-/sopropyl-y-butyrolactone, IX) imperfectly 
characterised. They were therefore synthesised by the two unambiguous methods 
outlined below : 





CH,*CO CH,°CO,H CHgCOCl —. crte,-znr CH2*CO*CHMe, 
(i) >Oo —> —_ —> _——> 
H,°CO CH,°CO,Et CH,*CO,Et CH,°CO,Et 
(VIL.) 
CH,"CO-CHMe, , y, CH,*CH-CHMe, 
ae be 2? 
CH,°CO,H ” CHy°CO 
(VIIL.) (IX.) 
(ii) CHMe,*CH,°CH,Br > CHMe,*CH,*CH,*CH(CO,Et), > CHMe,*CH,*CH3.CH(CO,H), > 
(X.) (XI.) 


(xIL) CHMe,*CH,*CH,*CH,*CO,H —> CMe,*CHy'CHa"CH'CO (x11) 
O 





The two lactones differed widely in physical properties and in the ease with which they 
were hydrolysed to the corresponding hydroxy-acids. On treatment with hydrogen 
bromide, they yielded isomeric bromozsoheptoic acids. 

In its ease of lactonisation, A’-isoheptenoic acid was comparable with the corresponding 
A8-acid containing the isopropylidene group (pyroterebic acid). On treatment with cold 
dilute sulphuric acid it became warm, dissolved rapidly, and was almost completely 
lactonised within 15 minutes. In contrast. to allylacetic acid, the product was the pure 
8-lactone. 

A-Unsaturated acids containing two y-alkyl groups are converted into y-lactones on 
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being boiled alone (Fittig and Geisler, Annalen, 1881, 208, 37; von Braun and Miinch, 
ibid., 1928, 465, 52) and, as far as is known, the reaction is irreversible. It was therefore 
not surprising to find that A’-isoheptenoic acid, after being boiled alone for 6 hours, 
yielded a product containing some 60% of 3-isoheptolactone. Heating for a longer period 
gave an unexpected and most interesting result ; the amount of lactone was not appreciably 
increased, and it appeared that the reaction was reversible. The pure 8-lactone was 
accordingly boiled for 12 hours; the product then contained 40% of A’-isoheptenoic acid, 
identical with the acid prepared from isoprene. The approach to equilibrium from both 
sides was followed quantitatively (p. 585). 

In view of these results, the occurrence of lactone in the original product obtained 
by decarboxylating the malonic acid (VI) is not surprising. This was separated and 
proved to be the 8-lactone. 

There is therefore no doubt that the lactone and the acid become directly intercon- 
vertible above 200° in the sense : 


CH—CH CH,-CH 
CMe,% >CH, — CMe * Sth, 
OH—CO o—o 


No appreciable change occurs at room temperature and both isomerides have been kept 
for a considerable period without alteration. 

This reaction not only exemplifies a new structural type of tautomeric change—which 
may be termed “‘ dacto-enoic’’—but provides what appears to be the “ purest ’’ example of 
ring-chain tautomerism, previous examples of which have depended upon the presence 
of reagents. In the present case, there is no apparent side reaction and an equilibrium 
mixture containing, as indicated, some 40% of acid is produced. As the lactone is cheaply 
and readily prepared, the acid is actually best obtained from it by equilibration. Further 
quantitative work on the change is in progress. 

The reversal of the lactonisation of a simple unsaturated acid, thus realised, was 
anticipated in Part VI, where it was pointed out that a similar process accounted for the 
formation of teraconic acid in the pyrolysis of terebic acid. 

The lactonisation of A’-tsoheptenoic acid involves the preferential formation of a six- 
membered rather than a five-membered lactone ring and is thus analogous to the recent 
observations of Haworth and his school in the sugar group, although the reaction here 
studied is an addition and not an esterification. As the work is being extended to the field 
of larger rings, discussion of the implications of the results on the ease of formation and the 
stability of ring systems may be postponed. 

Other general reactions of these acids and lactones have been examined. Both A’-acids 
were unchanged by treatment with caustic alkali at 100° (cf. Fittig and Spenzer, Annalen, 
1894, 283, 80). The extent of hydrolysis of the four lactones to the corresponding hydroxy- 
acids and the ease of lactonisation of the latter presented no unexpected features. 


EXPERIMENTAL. 


Equivs. (M) of acids and lactones were determined by the method previously used (J., 
1932, 121). Recorded densities and refractive indices are for d?" and n}’ throughout. Recorded 
m. p.’s below room temp. are corrected for stem exposure. 


1. Allylacetic Acid. 


The acid (II; R'R* = H,H) was prepared as follows (cf. Conrad and Bischoff, Annalen, 
1880, 204, 168). Allylmalonic ester was prepared from 43-5 g. of Na in 435 g. of pure EtOH, 
300 g. of ethyl malonate, and 234 g. of allyl bromide at 90°. The product, diluted with H,O, 
extracted with Et,0, washed with brine, and dried over CaCl,, distilled at 116—124°/20 mm. 
Yield, 305 g., 80%. The ester (325 g.) was hydrolysed with 375 g. of KOH in 500 c.c. of H,O 
for 2—3 hr. at room temp. EtOH was removed by means of a pump, and the solution acidified 
and extracted with Et,O. From the dried extract, allylmalonic acid separated on removal of 
the solvent (85% yield). It was most economically crystallised from C,H, and light petroleum 
(b. p. 60—80°), the cryst. mass being washed with a little light petroleum before being drained 
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on tiles (loss, about 5%). The purified acid (90 g.), m. p. 102° (lit., 103°), was decarboxylated 
at 180°, 44 g. (70%) of allylacetic acid being obtained, b. p. 91—92°/17—18 mm. After two 
more distillations the acid had b. p. 90°/16 mm., d 0-9798, n 1-4283, [Rz]p 26-29 (calc., 26-36), 
M 100-6 (calc., 100-1). It solidified in solid CO,-Et,O and melted sharply at — 22-5°. The 
iodine addition (Linstead and May, J., 1927, 2565) was 92-0% in 10 min. at 20°. 

y-n-Valerolactone, prepared from levulic acid (preceding paper), had b. p. 93°/21 mm., 
m. p. — 37°, d 1-0524, n 1-4320, [Rz]p 24-65 (calc., 24-74), M 100-8. 

§-n-Valerolactone.—In agreement with Hollo (Ber., 1928, 61, 895) we find that many of the 
recorded methods for the prepn. of this substance give uncertain results. Poor yields of impure 
lactone were obtained by the methods of Cloves (Aunalen, 1901, 319, 357), Wieland and Fischer 
(ibid., 1925, 446, 74), and Sircar (J., 1928, 898). Condensation of trimethylene chlorohydrin 
with sodioacetoacetic ester, followed by hydrolysis and decarboxylation with baryta, yielded 
6% of impure lactone, b. p. 108—114°/17 mm. A similar condensation and hydrolysis using 
sodiomalonic ester in place of the acetoacetate gave an unidentified unsaturated product, forming 
long needles from EtOH, m. p. 148° (Found: C, 73-3; H, 9-0; equiv., monobasic, 182-5. 
C,,H,,0, requires C, 73-3; H, 8-9%; equiv., 180). The method finally adopted was as follows : 

«@-Phenoxypropylmalonic ester (Gabriel, Ber., 1892, 25, 415; Carter, J. Amer. Chem. Soc., 
1928, 50, 1967) was converted directly into $-iodovaleric acid by the following process (cf. 
Merchant, Wickert, and Marvel, J. Amer. Chem. Soc., 1927, 49, 1828). The phenoxy-ester 
(128 g.) was heated with 90 c.c. of aq. HI (d 1-7) in a 500 c.c. flask fitted with a fractionating 
column, so that the temp. of the distillate did not exceed 110°. When the initial frothing 
subsided, more HI (120 c.c.) was added, and the heating continued for 6 hr. The residue was 
cooled and diluted, the separated oil extracted with Et,O, the extract washed with 10% aq. 
Na,CO,, the washings acidified, and the separated solid filtered and dried on porous earthenware. 
Yield, 85 g. (86%); m. p. 53° (crude), 56° after one crystn. from light petroleum. This process 
is more economical than that involving the intermediate preparation of phenoxyvaleric acid 
by ordinary hydrolysis and decarboxylation (Carter, Joc. cit.). A repetition of the latter process 
showed that $-phenoxyvaleric acid has the m. p. (65—66°) reported by Gabriel and not that 
(55—56°) given by Carter (loc. cit.). 

For the last stage Hollo’s procedure was followed (loc. cit.). Dry sodium $-iodovalerate 
(45 g.) was heated to 150°/4 mm., and a distillate of the 3-lactone and its polymerides collected 
(11 g., 61%). On redistillation, 5-3 g. of the pure lactone were obtained as a mobile liquid, 
b. p. 88°/4 mm., m. p. — 12-5°, d 11081, ~ 1-4568, [R,]p 24-64 (calc., 24-74), M 100-2 (calc., 
100-1). Solid polymerides were obtained from the higher-boiling fractions. The lactone 
yielded 8-bromovaleric acid, m. p. 40°, with aq. HBr (Boorman, Linstead, and Rydon, Joc. cit.). 
When dissolved in a little H,O or EtOH and titrated with N/10-Ba(OH), in the presence of 
phenolphthalein it gave no definite end-point, as the red colour first formed rapidly faded. 
The equiv. can only be determined by addition of an excess of alkali and back-titration. 

Lactonisation of Allylacetic Acid.—The methods for carrying out the reactions and isolating 
and analysing the products were those described in previous papers of this series. Percentages 
of lactone and acid are given, as usual, to the nearest 4%. 

(i) Boiling 50% H,SO, in 10 min. yielded a product containing acid 1%, lactone 96-5%. 
The end-point in the direct titration of the free acid with Ba(OH), was sharp, which is an 
excellent indication of the absence of 8-lactone. The product was left over anhyd. K,CO, 
and redistilled; it then had b. p. 90—91°/18 mm., m. p. — 37°, d 1-0524, m 1-4317, M 100-6 
(see above). It was very similar to authentic y-valerolactone in its velocity of hydrolysis in 
aq. solution and in the velocity of lactonisation of the derived hydroxy-acid (p. 586). 

(ii) Cold 60% H,SO, produced no appreciable evolution of heat. The mixture became 
homogeneous within 1 min. and, after being left for various times, had the compositions indicated 


below : 


ne 
Time (min) ........cccccocccscccess 15 30 30 60 480 1440 
AIG Y cccccccceccccccccescsoscece 69 40°5 41 16°5 2°5 2 
Lactamne % .ccccccccccscocccoseces 33°5 61 57°5 83°5 99°5 99 


These figures correspond with a unimolecular vel. const. of 0-0275 (¢ in min.) and a half-change 
period of 25 min. 

The mixed products were kept over-night in an excess of aq. NaHCO, and the lactone was 
extracted with Et,O and distilled. It had b. p. 88°/15 mm., m. p. — 36-5°, d 1-0519, ” 1-4315, 
M 100-6, and was further identified as y-valerolactone by the methods given on p. 586. 

(iii) The acid was boiled alone under reflux for 8 hr. in an atmosphere of CO,, and, after 
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distillation, contained 99% of free acid. Another sample, boiled for 52 hr., contained 94-5% 
acid, 55% lactone; and a sample heated for 96 hr. at 200° in a sealed tube contained 93-5% 
acid, 5:5% lactone. Insufficient lactone was formed for its identification but, as the end- 
point of the acid titration was sharp, it was presumably the y-isomeride. 


2. A”’-isoHeptenoic Acid. 


«-Dimethylallyl bromide (IV), b. p. 30—35°/13 mm. (Staudinger, Kreis, and Schilt, Joc. cit.), 
was prepared from isoprene (Harries and Gottlob, Annalen, 1911, 383, 228) immediately after 
the final distillation of the freshly prepared hydrocarbon. From the high fraction obtained 
in its prepn., a«x-dimethyltrimethylene dibromide, b. p. 68—72°/12 mm., was isolated. 62 G. 
of the monobromide in 64 c.c. of Ca-dried EtOH were added to sodiomalonic ester (from 9-5 g. 
Na, 157 c.c. Ca-dried EtOH, and 67 g. malonic ester), and the reaction completed over-night 
on the steam-bath. Dimethylallylmalonic ester (V) (Staudinger, Kreis, and Schilt, Joc. cit.) 
was isolated in the usual way in 55% yield, b. p. 125—130°/11 mm. The same substance was 
obtained in 73% yield from the dimethyltrimethylene dibromide by Ipatieff’s method (J. pr. 
Chem., 1899, 59, 542). 

The malonic acid (VI) was obtained by the following improvement of Staudinger’s process : 
72 g. of the ester, dissolved in 75 c.c. of EtOH, were refluxed over-night with 56 g. of KOH 
in 112 c.c. of EtOH and 100 c.c. of H,O, the EtOH was removed, and the residue acidified with 
HClaq. Et,O then extracted the acid (VI) (46 g., 85%), m. p. 96°, after recrystn. from C,H,— 
light petroleum, in agreement with Staudinger, Kreis, and Schilt (Ssolonina, J. Russ. Phys. 
Chem. Soc., 1901, 33, 734, gives m. p. 83°). 

The product obtained by decarboxylating this malonic acid and distilling the residue 
contained lactone which could not be removed by the usual method of extracting a solution in 
aq. NaHCO, with Et,O, because subsequent acidification of the NaHCO, solution and extraction 
with Et,O to regain the acid caused further lactonisation. The following process, in which 
advantage is taken of the immiscibility of petroleum and HCl aq., the unsat. acid being extracted 
and protected as fast as it is formed, was satisfactory. 35 G. of the recryst. malonic acid (VI) 
were heated under reflux at 150° for 1 hr. The product was extracted over-night with 350 c.c. 
of 10% aq. NaHCO, and then thoroughly with Et,0. Removal of the solvent from the dried 
extract and distillation of the residue yielded 6-7 g. (25%) of a lactone, b. p. 94°/6 mm., m. p. 
28°, identified as §-isoheptolactone (mixed m. p. 27-5°). The NaHCO, solution was cooled in 
ice and covered with a layer of petroleum (b. p. 40—50°), and an ice-cold solution of 48 c.c. 
of conc. HCl and 52 c.c. of H,O (95% of the theo. quantity) slowly added with vigorous shaking. 
The lower layer was run off and extracted with further quantities of light petroleum. The 
combined extracts were dried and the residue, after removal of the solvent, was distilled under 
low press. It boiled at 95°/1 mm. and was free from lactone (Found: M, 128-2. Calc., 128-1). 
Yield, 13 g. (52%). 

Pure A’-isoheptenoic acid has b. p. 105°/5 mm., m. p. — 33°, d 0-9541, m 1-4461, [R;]p 35-72 
(calc., 35-60), and an iodine addition of 97-4% in 5 min. at 20° (Found : C, 65-7; H, 9-4. Calc. 
for C,H,,0,: C, 65-6; H, 9.4%). The high density and refractivity given by Ssolonina for this 
acid (d’. 0-9864, m 1-4504; Joc. cit.) indicate the presence of lactone in his material. 

y-isoPropyl-y-butyrolactone (IX) (cf. Fittig and Zanner, Annalen, 1889, 255, 90).—isoPropyl 
zinc iodide, prepared from 29 g. of Zn—Cu couple and 68 g. of isopropyl iodide in petroleum with 
EtOAc as catalyst (Blaise, Bull. Soc. chim., 1911, 9, xi), was diluted with an equal vol. of toluene, 
and cooled in a freezing mixture, and 33 g. of succinic half-ester half-chloride (Blaise and Koehler, 
ibid., 1910, 7, 226), dissolved in an equal vol. of toluene, were added slowly with continuous 
shaking. The mixture was kept for } hr. in the freezing mixture and for } hr. at room temp. 
and was worked up in the usual way. Removal of the toluene from the product left ethyl 
y-ketoisoheptoate (VII), b. p. 113—114°/21 mm., in 38% yield. The corresponding acid (VIII) 
(Tiemann and Semmler, Ber., 1897, 30, 434), obtained by hydrolysis with KOH in EtOH—H,O 
at 90°, had m. p. 39°. 11 G. of it were dissolved in 110 c.c. of H,O, and 350 g. of 5% Na-Hg 
added during a week. The Hg was run off and the aq. layer was acidified with excess of HCl 
aq., heated under reflux for 15 min., cooled, and saturated with (NH,),SO,. The solution was 
then extracted with Et,O, the extract dried, and the solvent removed. The residue, which 
deposited some solid, probably succinic acid, was treated with aq. NaHCO,, and the y-isopropyl- 
y-butyrolactone (IX) extracted with Et,O. Yield, 1-8 g. It is a mobile liquid, b. p. 98°/15 
mm., @ 1-0023, n 1-4410, [Rz]p 33-83 (calc., 33-98), M 127-9 (calc., 128-1). These properties 
were practically unchanged when the lactone was left over K,CO, and redistilled. Both samples 
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became viscous without solidifying at — 68°. With HBr the lactone yielded y-bromoisoheptoic 
acid, m. p. 41° (Boorman, Linstead, and Rydon, /oc. cit.). 

$-isoHeptolactone (cf. Bredt and Fittig, Annalen, 1881, 208, 55; Noyes, J. Amer. Chem. Soc., 
1901, 23, 394).—Ordinary (fusel-oil) amyl alcohol was converted through the bromide into 
crude isoamylmalonic ester (X) (Paal and Hoffmann, Ber., 1890, 23, 1495), which was hydro- 
lysed to the crude malonic acid. From this, isoamylmalonic acid (XI) was readily separated by 
crystn. from a dil. solution in C,H,—light petroleum: 172 g. of crude isoamyl bromide gave 
100 g. of the pure malonic acid, m. p. 94° (Paal and Hoffmann, /oc. cit., give m. p. 93°). The 
complete removal of the isomeric acid was shown by the fact that solutions of the acid of m. p. 
94° were optically inactive. Heated at 140°, the recryst. malonic acid gave a 94% yield of 
isoheptoic acid (XII) (Paal and Hoffmann, /oc. cit.), b. p. 110°/10 mm., m. p. — 7°. isoHeptoic 
acid (25 g. in 1 1. H,O and 24 g. KOH at 70—80°) was oxidised with a solution of KMnQO, 
(30 g., 50% excess, added dropwise with mechanical stirring), the filtrate and washings evaporated 
on the steam-bath, and the residue acidified with HCl aq. and refluxed for 15 min. From the 
cooled solution, sat. with (NH,),SO,, Et,O extracted the crude lactone, which was taken up 
in excess of aq. NaOH, freed from neutral impurities by Et,O extraction, recovered, and kept 
in NaHCO, aq. over-night to remove unchanged acid. The lactone was then isolated by Et,O 
extraction, dried, and distilled. Yield, 12-5 g. boiling over 2° (50%); 6 g. of isoheptoic acid 
were recovered from the NaHCO, extract, making the overall yield of lactone 67%. 

Redistillation of the lactonic fraction gave pure $-isoheptolactone (XIII), b. p. 90°/3 mm., 
119°/19 mm., d 1-0111, ” 1-4497, [R;]p 34-03 (calc., 33-98) (Found: C, 65-5; H, 9-4; M, 128-2. 
C,H,,0, requires C, 65-6; H, 9-4%; M, 128-1). It solidified in flattened needles, m. p. 28°. 
The first prepn. of the lactone was a liquid which solidified in solid CO,—-Et,O to give a second 
form, m. p. 8°; this suggests that the lactone is dimorphous. After being kept at room temp. 
for some time, the second form suddenly solidified to the 28°-form and was not obtained 
again, On oxidation with K,Cr,O, and 2N-H,SO, the lactone yielded acetone and succinic 
acid. Treated with HBr, it gave 8-bromoisoheptoic acid, m. p. 45° (Boorman, Linstead, and. 
Rydon, /oc. cit.). 

Lactonisation of AY’-isoHeptenoic Acid.—The usual methods of lactonisation and isolation 
were employed, but the composition of mixtures of acid and 8-lactone could not be determined 
by the method of double titration owing to the fugitiveness of the direct end-point. For such 
mixtures, a weighed quantity was shaken for 10 min. with an excess of an aq. suspension of 
pptd. BaCO,, which reacted with the acid but not with the lactone. After filtration the lactone 
in the filtrate and washings was estimated in the usual manner [heating with excess of N/10- 
Ba(OH), for 15 min., cooling, and titrating the excess with N/10-H,SO, and phenolphthalein]. 
The acid was determined by difference. Tests with the pure acid and §-lactone showed this 
method to be accurate to 2%. 

A”’-isoHeptenoic acid (2-9 g.) was mixed with 14-5 c.c. of 60% H,SO,. The temp. rose to 
ca. 30° and the second layer disappeared in 1 min. After 15 min. the product was isolated and 
distilled, 2-6 g. being recovered containing acid 4%, lactone 96%. This solidified on being cooled 
in ice and seeded with 8-isoheptolactone and after being drained on a tile had m. p. 28-5°, alone 
or mixed with $-isoheptolactone. 

Ring-chain Tautomerism of A”-isoHeptenoic Acid.—The acid was heated under reflux at the 
b. p. (ca. 216°) for various times and yielded products of the following compositions : 





‘Time (hr,) «....... 0 (control) 1 6 18 
% Lact =... 0 26 60 63°5 
The solid lactone on similar treatment gave : 
— . 
Time (hr.) ......... 0 (control) 1 4 6 8 10 12 12 
% Lactone ...... 100 94 75°5 63 59°5 57 58 58 


The mixture formed from the acid was treated over-night with aq. NaHCO,g, and the lactone 
extracted in the usual manner. The distilled product solidified to pure 8-isoheptolactone, 
m. p. and mixed m. p. 27-5°. 

The mixture produced from the lactone was similarly treated. The lactone, isolated by 
the same method, was identified as unchanged material. The acid was recovered from the 
NaHCO, solution by acidification under light petroleum (p. 584). The distilled acid had b. p. 
98°/5 mm.,  1-4462, M 127-7, and an iodine addition of 98-1% in 5 min, at 20°. It solidified 
in solid CO,-Et,O and then melted at — 34-5°, alone or mixed with authentic A”-isoheptenoic 
acid. 
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Its solution in aq. NaHCO, decolorised cold KMnO, solution. After filtration the product 
was treated with I in KI and NaOH. A ppt. of CHI, was obtained in the cold, indicating the 
presence of acetone in the oxidation product and of the isopropylidene group in the acid. A 
sample of the acid prepared from the lactone was saturated with HBr; the solid bromo-acid 
obtained had m. p. 44°, alone or mixed with authentic 8-bromoisoheptoic acid. 

Action of Alkali at 100° on the A’-Acids.—Allylacetic acid was heated with 25% aq. KOH 
for 6 hr. under the general conditions used for equilibrating Ae- and A®-acids (J., 1927, 2579). 
The product after distillation had m. p. — 24°, m 1-4285, M 100-7, and an iodine addition of 
92-2% in 10 min. at 20°. These properties are almost exactly those of the pure acid. 

A’-isoHeptenoic acid was similarly treated for 6 hr. The product was isolated, with the 
special precautions to avoid lactonisation which are described above. After distillation, the 
unchanged A”-acid was recovered with n 1-4462, M 128-3, and an iodine addition of 97:3% 
in 5 min, at 20°. 

Hydrolysis of the Lactones—For expts. with the y-lactones, the methods described in the 
preceding paper were employed. For the 8-lactones the hydrolysis was carried out by the 
same method, and the estimation by the method described on p. 585 for the analysis of 
8-isoheptolactone in the presence of A’-isoheptenoic acid. 

% Hydrolysis in 
Lactone. 10 min. 24 hr. 4 


@ 
im” 


r. 


y-n-Valerolactone from (a) levulic acid ............0.ceeseeeeeeees 0°4 70 — 
Pa ue (b) hot H,SO, and allylacetic acid ... 0°4 70 — 
os ae (c) cold ,, i. aa se omit 0-4 73 -— 
ID, sicnnccieictesesedneninnntsecordsnsacsesactindsopnines — 82°8 _ 
I IERIIED cnsnnnccvesessessiensecnuscetesssensessonenee _ 3°8 — 
SPURTE gctesccesccessescencvesendcensntnsananescenveeeeniine _ 55°4 54°8 


Lactonisation of Hydroxy-acids—These expts. were carried out by the standard method 
previously used. The modified method of analysis was again employed for the estimation of 
-lactones in the presence of hydroxy-acids, N/100-Ba(OH), being used for the titrations. 


% Formed from hydroxy-acid in (min.). 
60. 90. 


Lactone. 5. 10. 20. 30. 40. 120. 180. 240. 
y-n-Valerolactone (q) ............++. 40 — — 274 — 417 490 546 — —_ 
*» TOD cedecsevstewens sl — — 20 — 408 493 569 — — 
- OD xeceswwssesoens 84 — — 2295 — 431 #501 561 — — 
5-n-Valerolactone ...............04+ — 150 181 192 — 198 — — 215 21°9 
y-isoPropylbutyrolactone ......... 179 — 488 --— 681 741 — 89 — — 
6-isoHeptolactone ..........c.eeeeee 436 — 6504 50°83 — 52°77 546 — ~- — 


The samples of valerolactone were prepared (a) from levulic acid, (b) by the action of hot H,SO, 
on allylacetic acid, (c) by the action of cold H,SO, on allylacetic acid. 


The results obtained for y-n-valerolactone are close to those recorded in the preceding paper 
for an independent prepn. 
The authors thank the Royal Society and the Chemical Society for grants. 
IMPERIAL COLLEGE, LONDoN, S.W. 7. [Received, February 9th, 1933.] 





147. The Thermal Decomposition of Phosphine by Tungsten and 
Molybdenum. 


By H. W. MELVILLE and H. L. RoxBurGu. 


RECENT investigations on the kinetics of thermal chain reactions have emphasised the fact 
that surfaces are responsible not only for the termination of chains but also for their initi- 
ation (cf. Hinshelwood, Trans. Faraday Soc., 1932, 28, 184). The latter effect extends to 
the explosive reaction and to the stable chain reaction, which occurs, in some cases, in the 
region outside the explosion limits. Whilst the kinetics of explosions have been satis- 
factorily worked out, in a general manner, notably by Hinshelwood and by Semenoff, the 
investigation of possible stable chain processes is more likely to lead to a better under- 
standing of the mechanism, as a wider variety of conditions for reaction can be studied and 
also more easily controlled. 
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A chain reaction consists essentially of three distinct phenomena, viz., (a) initiation, 
(6) propagation, (c) termination of the chain. In order to investigate the kinetics of the 
reaction in detail, some means are required to separate these processes. Since the starting 
of chains depends upon the introduction of reactive molecules or atoms into the gas mixture, 
a variety of ways exists whereby initiation may be induced. It has been shown (Melville 
and Ludlam, Proc. Roy. Soc., 1932, A, 185, 315) that in the oxidation of phosphorus a hot 
tungsten, molybdenum, or glass filament is capable of initiating a stable chain reaction 
below the lower limit. This reaction has many of the chain characteristics of the explosive 
reaction at the lower limit (Semenoff, Z. Physik, 1927, 46, 109). By the use of a hot fila- 
ment, then, a method is available in certain circumstances whereby the initiation of chains 
may be accurately controlled, provided that the mixture be in a condition to propagate 
chains once they have been started. 

The kinetics of the oxidation of phosphine and of phosphorus are very similar. Further, 
it has been shown (Melville, Proc. Roy. Soc., 1932, A, 188, 374; 1933, A, 189, 541) that a 
stable chain reaction may be started by excited mercury atoms or by the direct photo- 
chemical decomposition of the phosphine molecule. The photochemical experiments have 
also indicated a chain length very nearly equal to that calculated on the assumption that 
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reaction occurs at every collision between chain carriers and reactant molecules. Phos- 
phine-oxygen mixtures below the lower explosion limit are therefore capable of propagating 
chains with suitable primary stimulation. 

It was consequently anticipated that the oxidation of phosphine, like that of phosphorus, 
might be induced by hot filaments. Before such an investigation could be carried out, it 
was necessary to study the kinetics of the decomposition of phosphine on tungsten and 
molybdenum filaments. The present paper is concerned with this aspect of the problem, 
and the oxidation will be dealt with in another communication. 




















EXPERIMENTAL. 


Preparation of Gases —PH, was prepared by dropping KOH aq. on PH,|I, passing the PH, 
evolved over NaOH, CaCl,, and P,O,, and collecting in a liquid-air trap. The PH, was then 
subjected to fractional distillation. The H, O, and A were taken from cylinders and purified 
by the usual methods, all gases being dried with P,O;. 

Apparatus.—The essential parts of the apparatus are shown diagrammatically in Fig. 1. 
The reaction tube (K) was 3 cm. wide and about 20 cm. long. This was surrounded by a water- 
bath maintained at a const. temp. (usually about 20°). AK was exhausted by a Hg condensation 
pump backed by a Hyvac oil pump. In addition to the gas reservoirs and pipettes, suitable 
side tubes cooled in liquid air were connected to the apparatus in order to facilitate the analysis 
of gas mixtures containing PH,. A small Tépler pump (B) was used for transferring gas in K 
to a tube containing a Pt wire for analysing the H—O mixtures obtained in the oxidation expts. 
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Several types of pressure gauge were employed. For the lowest pressures, a McLeod gauge 
(M,) was most convenient, but for somewhat higher pressures a glass spring manometer was 
used. Later expts. were made with an oil manometer (M,). The right (exhausted) limb was 
of much wider tubing (2-5 cm. diam.) than the left limb (0-4 cm.), so the movement of the oil 
in the left limb for a given pressure change was nearly double that in a manometer with limbs 
of equal bore. Apiezon oil ‘‘ B” (Shell-Mex and B.P.) of v.p. < 107 mm. Hg proved to be 
suitable, as it did not appreciably dissolve the gases which were used in these expts. The oil 
was thoroughly degassed before use by warming ina vac. A sensitivity of 0-001 mm. was easily 
reached by using a microscope to read the position of the oil. M,, M,, and M, were capillary 
Hg manometers. Apiezon grease ‘“‘ L ’’ was used as a tap lubricant. 

Determination of Filament Temperature.—In order to eliminate, as far as possible, end losses, 
the filament was constructed in an unusual manner. Preliminary expts. had shown that the 
rate of decomp. of the PH, was conveniently measurable at temps. below 600°, so it was not 
possible to read the temperature of the centre portion of the filament by a micropyrometer and 
correct for end losses by calculation (Langmuir, MacLane, and Blodgett, Physical Rev., 1930, 
35, 478). 

The principle of this new method is as follows. Two filaments, one 3—4 times longer than 
the other, are set up in the reaction tube and run under identical conditions. The reaction 
velocity due to each filament is determined as well as the “‘ hot and cold ”’ resistance of the two 
filaments. The rate of reaction on the filament minus the rate on the small filament is therefore 
the rate due to a central portion of the large filament which is at an approx. const. temp. through- 
out its length. Similarly, the difference in resistances of the two filaments gives the resistance 
of this central portion, and from the resistance-temp. relation of the metal, the mean temp. of 
the central portion can be accurately calculated. To ensure that the filaments did run under 
precisely identical conditions, each formed the arm of a Wheatstone bridge, in which circum- 
stances small losses in the connecting leads were simultaneously balanced out. 

The filament was spot-welded to 1 mm. Ni leads, “‘ copper clad ”’ wire being used to make the 
metal—glass seals. The electrical connexions are shown in Fig. 2. F, and F, denote the large 
and the small filament respectively, whilst R, and R, are variable resistances whereby F, or F, 
can be balanced out; R, is a fixed resistance. R,, R,, and R; were all made of constantan wire 
of such a diameter as to carry the bridge current without appreciably changing in resistance. 
R, and R, are much higher resistances (ca. 1000 ohms). 

Before setting up the bridge, it was necessary to find how long the small filament should be 
in order to eliminate end losses. The choice of dimensions was facilitated by the fact that when 
PH, is decomposed on the W or the Mo filament a deposit of red P is formed on the walls of 
the tube containing the filament. The density of distribution of this deposit, when the decomp. 
was carried out at low press., indicated approx. the effective length of the filament. For a 
12-cm. filament, this length was found to be ca. 9 cm. at the temps. used in these expts. The 
small filament was therefore made 3 cm. long. 

With F, and F, in circuit, suitable temp. and press. ranges were found, and the bridge was 
balanced by the adjustment of R;. A run was then made, and the velocity calculated according 
to the methods described below. With the same press. of PH;, another run was carried out, 
R, being substituted for F,. The rate due to F, was thus obtained, and by subtraction the rate 
due to the central portion of F,. R,, R,, Rs, Ry, and R, were all known, so the resistance of 
F, and of F, could easily be calculated. 

If for any reason the temp. of the filament was changed, the above balancing was repeated. 
In the comparatively small temp. range which could be conveniently used, it was unnecessary 
to find the reaction velocity due to each filament at the several temps. used. A small correction 
—4%—was applied to the rate of reaction with both filaments in circuit in order to reduce this 
rate to that due to the central portion of the large filament. The bridge currents, with 0-1 mm. 
diam. wires, ranged from 0-3 to 1-5amp. On each occasion in which a new filament was put into 
use it was subjected to a thorough out-gassing for several hr. under 10° mm. _ The resistance— 
temp. curves for each specimen of wire were separately determined. 

Although W and Mo were used entirely in these expts., one or two runs were made with Ni 
and with a Ni-Fe alloy. The temp. to which these required to be heated was approx. the same 
as that for W and Mo, but they did not survive more than one or two expts. involving the decomp. 
of about 5 mm. PH, in a vol. of 200c.c. The P appeared to attack the metal, rendering it very 
brittle and finally causing its complete disintegration, presumably owing to formation of a 

phosphide. Mo and W seemed to withstand the reaction for an indefinite period without 
undergoing any marked change in catalytic activity. 
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Molybdenum Filament. 


Products of Reaction.—There is a press. increase during the decomp. which must be due to 
H, but the question arises as to whether all of the H is liberated into the gas phase. Exptl. 
data given below support the view that the decomp. can be represented by the equation 4PH, = 
P,(red) + 6H,, no appreciable proportion of P,H, or any of the solid hydrides of P being 
formed. 

What is more important, from the point of view of possible chain-initiator molecules, is the 
mechanism of the formation of the P. Although a red deposit appears on the walls of the 
reaction tube, P vapour may also be produced. ‘There are, therefore, two possible end states in 
which P might occur: (1) a mixture of red P, white P, and P vapour; (2) red P entirely. 
Another possibility is the intermediate formation of P, or of white P, since normal P, mols. 
might evaporate off the filament, in the first instance, collide with the walls, and eventually 
return to the filament, whereby they are altered in some manner so that on colliding with the 
walls again red Pis formed. The formation of red P from P vapour (P, mols.) has been repeatedly 
observed in a tube containing a W or Mo filament sufficiently hot to decompose PHs3. 

To decide the matter, the following expt. was made, which was typical of many. 0-92 Mm. 
of PH, was admitted to the reaction tube, which was surrounded by a CO,—Et,O bath at — 80°. 
The filament was heated until there was no further press. change; the press. increase was 0-46 
mm., thus confirming the equation given above. The H was pumped off and the bath withdrawn 
to allow any white P to evaporate. 0-63 Mm. of O was added, but no glow could be observed, 
nor was there any observable press. change. The absence of glow indicated that the press. of 
P, was less than 2 x 10° mm., which is the pp, at the lower explosion limit with 0-6 mm. of O 
ina2cm.tube. No appreciable amount of P vapour was thus formed. Had the P evaporated 
from the filament as normal P, mols., these would have condensed on the cool glass surface and 
re-evaporated when the reaction tube was warmed to room temp. This expt. also provides 
evidence that there is no intermediate formation of white P, or of P vapour. The P must 
therefore leave the filament in such a form that it condenses on the surface, is adsorbed, and’ 
ultimately forms red P. It has been shown (Melville, Proc. Roy. Soc., 1932, A, 188, 394) that 
P, mols. polymerise to red P on hitting a glass surface, and therefore it is probable that the P 
leaves the filament as P, mols. 

Another confirmatory experiment was made. 6 Mm. of PH3, occupying 200 c.c., gave a film 
of red P which just exhibited interference colours. The film was 10 cm. long and the diameter 
of the tube 2 cm., so that it would require at least 3 x 10° g. of red P to form such a film, 
whereas 200 c.c. of PH, at 6 mm. would yield 2-4 x 10-° g. of P on being decomposed. 

A curious effect was noticed during this work. Although the film of red P was usually of 
uniform thickness, in some instances, patches of the reaction tube remained only slightly covered, 
whilst in other parts the deposit was dense. It would appear that the walls exert a definite 
activity towards the deposition of red P. It is of interest, therefore, that, not only is the com- 
bination of atoms on a wall dependent on its nature, but, in this case, the polymerisation of 
mols. is likewise affected. No expts. have been carried out with walls of different materials, 
but the reaction tubes were cleaned with Br aq. to remove red P and were subsequently washed 
out with H,O and dried. 

As these expts. are preliminary to the study of the oxidation at press. below the lower 
explosion limit, the press. of PH, used ranged from a few mm. down to the lowest press. which 
could be measured on the McLeod gauge. The general procedure (at higher press.) was to 
admit PHg, note its press., switch on the filament current, and take press. readings at convenient 
time intervals. Upon heating the filament, however, there is a small press. increase due to 
heating of the gas. A correction has to be applied to the observed press. in order to find the 
true value at the temp. of the walls of the reaction tube; this was measured by filling the reaction 
tube with O and finding the press. increase on heating the filament to the temp. at which it was 
to be subsequently employed. This procedure was repeated for different press. O has nearly 
the same thermal conductivity as PH, and does not react with filament at the temp. used for 
the decomp. of PH;. A similar series of expts. was made with H. As the correction for O was 
only double that for H, a linear relation was considered to be sufficiently accurate when calculat- 
ing the correction for mixtures of the two. The appropriate correction could then be applied 
for the PH,-H mixture as the H accumulates during the reaction. For a 1:1 mixture, 
therefore, the correction factor is the mean of that for PH, and for H alone. 

A typical series of press._time observations at a number of different initial PH, press. is 
given in Table I, ¢, being the time of half-decomp. All press. are in mm. Hg, and times (é) in 
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min.; col. 2 (Ppy,;n,) is the actual obs. press., Ap is the press. increase corrected for the small 
heating effect. 
TABLE I. 


Length of Mo filament, 14-9 cm.; diam. of filament, 0°01 cm.; temp. of filament, 464°; vol. of 
reaction tube, 90 c.c.; temp. of reaction tube, 20°. 


Expt. 59. Expt. 60. Expt. 61. 
t. pPpn,in, Ap. Ap/t. t. Ppysin, AP. Ap/t. t. pPruyin, AP. Ap/t. 
0 0°67 0 _— 0 116 0 — 0 2°01 0 — 
05 O74 004 0:08 05 1:25 004 0:08 05 212 002 0-040 
10 O78 O07 #8 0°07 1-0 1:30 009 0-09 10 217 007 # 0:070 
15 = 081 0710 0:07 15 = =6.1340 O13 (0087 15 2:22 O13 8 0°087 
20 O84 O15 0°75 2°0 138 O17 0°085 20 2:27 O18 0°090 
25 086 O17 0°068 2°5 1-41 O21 0-084 30 234 025 0-081 
30 86©090)—s 0-21 0-070 3°0 1:44 0:24 0-080 40 242 0°34 0°085 
35 O92 0:23 0°066 3°5 1:47 0:27 0:077 50 2:50 0-42 0:084 
40 O93 024 0:060 4:0 150 030 0-075 60 257 050 0-081 
45 094 025 0:056 50 156 O37 # 0-074 70 265 0-58 0082 
50 O95 026 0-052 60 162 O43 0-071 80 2-71 0°64 0°080 
55 O96 027 0°049 80 168 049 0-061 100 2:79 O73 8 0:073 
Ap.. 0°34 100 1:73 0°54 0°054 120 285 0-79 0:066 
44 == 2°4 min. 120 8175 0°56 0°047 140 290 0°84 0°060 
Ap. 0°58 Ap.. 1°00 
ty = 3°6 min. ty) = 6°0 min. 
Expt. 62. Expt. 63. 
i. Prus +H. Ap. Ap/t. t. Pris+PH;- Ap. Ap/t. 
0 2°74 0 — 0 3°58 0 — 
0°5 2°86 0°01 _— 0°5 3°79 0:06 0°120 
1-0 2-93 0°07 0°07 1-0 3°86 0°13 0°130 
1°5 2°95 0°10 0:067 1°5 3°89 0°17 0°113 
2-0 3°01 0°16 0-080 2-0 3°94 0°22 0-110 
3°0 311 0°27 0-090 3°0 401 0°29 0-097 
4°0 3°20 0°36 0-090 40 4°14 0°43 0°107 
50 3°31 0°48 0-090 6:0 4°33 0°63 0°105 
6°0 3°38 0°55 0-091 8-0 4°48 0°78 0-099 
80 3°52 0°69 0-086 10-0 4°62 0°93 0-093 
10°0 3°68 0°85 0-085 12-0 4°78 1-10 0-092 
12-0 3°79 0°97 0-081 14-0 4°88 1-20 0-086 
14:0 3°88 1-06 0°075 16-0 5°00 1°33 0-083 
16-0 3°97 1°15 0-072 19-0 5°08 1°41 0-074 
18-0 4:00 1°19 0°067 Ap. 1°79 
20-0 4°03 1°22 0-061 4, = 9°5 min, 
Ap,. 1°37 
4) = 8-0 min. 


The first characteristic of these expts. is that the time required for half-decomp. increases 
with the press. of the PH;. Similarly, the initial rate of reaction is maintained and does not 
decrease until a large fraction of the PH, is decomposed. Further, the initial rate only increases 
50% for a press. increase from 0-67 to 3-58 mm. PHs. 

The effect of H was next investigated to find whether it might modify the course of the 
decomp. as it accumulates in the system: no influence could be measured, the half-life being 
independent of H press., as is shown by the following two series of results : 


it, cidcsindannnssotileacinicies 24 25 26 28 29 
An: ' sbccenapinaiaiadadibitebasiintiniaas 1-98 1-92 1-84 2-01 1-84 
EC’ ‘pictehanddénaalilinubbtenbasiate — 0-92 1-79 _ 2-90 
Ee” wachispalenanenibtnppiaebeithiniicien 16 1-9 1-8 1-6 1-5 


It may be concluded, therefore, that at pressures of the order of a few mm. of Hg, the course 
of the decomp. conforms nearly to a reaction of zero order. 

Low-pressure Experiments.—The deviations of the above results from a zero-order reaction 
suggested that at lower press., adsorption of PH, might be so much less marked that the reaction 
would become unimol. The expts. were made with the McLeod gauge as manometer, and 
consequently the procedure had to be slightly modified. PH, to the required press. was passed 
into the reaction system and the filament switched on for a given time, after which the total 
press. was determined. This was repeated until practically all the PH, was decomposed. 
Conditions were arranged so that the time required to heat the filament to its working temp. was 
about 1% of the time of reaction. The vol. of the McLeod gauge and connexions was determined, 











Decomposition of Phosphine by Tungsten and Molybdenum. 591 


so the obs. reaction velocity could be reduced to the value obtaining in the reaction tube used 
in the high-press. expts. 

Table II gives a typical series of runs using the same filament temp. as in Table I; & is the 
unimol. coeff., 1/¢ . log,,a/(a — x), where a is the initial press. of PH, and x that of decomposed 
PH. The vol. of the apparatus was 390 c.c. 


TABLE II. 
t. Pp, +52: Ap. k. Ap/t. t. Pruy +H; Ap. k. Ap/t. 
Expt. 67. Expt. 68. 
0 0°1240 0 — 0 0°0695 0 _— _— 
1 0°1450 0°0210 0°178 0°021 1 0°0845 0°0150 0°246 0:0150 
2 0°1585 0:0345 0°176 0:0173 2 0°0925 0:0230 0°236 0:0115 
3 0°1690 0-0450 0°180 0°0150 3 0:0970 0:0275 0°227 0°0092 
4 0°1755 0°0515 0°193 0°0129 4 0-0985 0°0290 0°196 0:0072 
6 0°1825 0°0585 0°209 0-0098 6 0-1000 0°0305 0°133 0°0051 
8 071835 0°0595 —- 0°0074 8 071115 0:0320 07146 0:0040 
Ap, 0°0620 Ap,, 0°0347 

4, 1°8 min.; ¢’y 0°42 min.* 44 1°35 min.; #3 0°313 min. 

* 7’, is the value 4; would have in a reaction vessel of the vol. used in the high-pressure expt. 
Expt. 69. Expt. 70. 

0 0°0385 — — — 0 0°0190 — —_— —_ 
1 0-0490 0°0105 0°342 0-0105 1 0°0235 0°0445 0°278 0:0045 
2 0:0520 0°0135 0°263 0:0067 2 0:0270 0:0080 0°217 0:0040 
3 0°0550 0°0165 0°282 0:0055 3 0:0275 0:0085 0°328 0:0028 
4 0:0565 0-0180 0°297 0:0045 4 0:0277 0:0087 0°259 0:0022 

4; 1°08 min.; ¢’3 0°251 min. Ap, 0°0095 

#4 0°95 min.; ¢’3 0°220 min. 
Expt. 71. 

0 0-0060 0 — —_— 3 0:0087 ~— 0°0027 0°33 0-0009 
1 0-0080 0:0020 0°176 0-0020 4 0:0087 0°0027 — 0:0007 
2 0°0085 0°0025 0°38 0-0013 4, 0°70 min.; #3 0°162 min. 


Even at quite low press., the time required for half-decomp. is slightly dependent on press., 
but the approx. constancy of the values in col. 4 of Table II indicates that the reaction is very 
nearly unimol. The value of Ap/t drifts considerably, as is to be expected. 

Fic. 3. Fic. 4. 
1-4 6 
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The logy, of time for half decomposition (Mo) The time for half decomposition of PH, on Mo 
and for quarter decomposition (W) of PHsg plotted filament at 570° and 645° plotted against ppx,. 
against logi9 peu, The broken line on the Mo curve 
vepresents a zero-order veaction. Temp. of Mo 
filament 464° and of W filament 560°. 


If the reaction is of zero order, then on plotting log ¢ against log p a straight line of unit slope 
should be obtained, whereas a unimol. reaction would give a line parallel to the log p axis since ¢ 
is independent of press. Such a plot has been made in Fig. 3 from the results in Tables I and II 
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and some additional results not recorded. At higher press., the slope of the curve is unity, but 
gradually decreases until at 0-005 mm. it is nearly zero. The curve could not be extended to 
much higher press. since the half-life period would have been several hours. On the other hand, 
had the reaction rate been increased by raising the temp. of the filament, the order would have 
risen owing to evaporation of adsorbed PH;, and consequently a much higher press. would be 
required to approach the zero-order reaction. 

Temperature Coefficient—The measurement of the temp. coeff. of the reaction, owing to its 
transitional character, allows of the estimation of two quantities. First, the energy of activ- 
ation (E£) of the reaction on the Mo surface can be calculated from the variation of ¢; with temp. 
by means of the formula d log (1/t,)/dT = E/RT. The apparent energy of activation (Q) of the 
unimol. reaction is composed of two terms (see, e.g., Hinshelwood, ‘‘ Kinetics of Chemical 
Change in Gases,’’ 2nd Edn., p. 228) : the energy of activation (E) on the surface minus the heat 
of desorption (A) of adsorbed PH,;. Since Q is easily measured, 4 can be calculated. In the 
transition reaction Q will vary between those limiting values. It has been seen that at the low 
press. of 0-005 mm. the reaction is not quite of the first order; hence, in determining the temp. 
coeff. two sets of expts. were made. In the first, the temp. of the filament was maintained 
const., the variation of half-life with press. plotted, and the curve extrapolated to zero press. 
Another similar series of observations was made for another temp., and the results extrapolated 
to Ppy, = 0. The ratio of ¢, for the two temps. for py, = 0 was used to calculate Q. 

Table III contains the data for this calculation, and Fig. 4 shows ¢, plotted against Ppy,. 


TABLE III. 
Temp. of reaction tube 20°. 
Temp. of filament 645°. Temp. of filament 574°. 
Values of ppx,+n,- 


Expt. Expt. Expt. Expt. Expt. Expt. Expt. Expt. Expt. Expt. Expt. Expt. 
73. 74. 75. 76. 77. 78. 79. 80. 81. 82. 83. 84. 


t. 

0 0°0255 0°0445 0°1310 0°0580 0-0865 0:0610 0:0955 0°1365 0-0410 0°0117 0°0130 0-1090 
1 06°0330 0°0515 0°1515 0°0685 0-1040 0°0660 0°1030 0°1465 0°0455 0°0133 0°0157 0°1145 
2 0°0347 0°0575 0°1650 0°0775 0°1120 0°0695 0°1075 0°1515 0°0485 0°0157 0:0160 0°1175 
3 0:0367 0-0605 0°1770 0°0805 0°1200 0°0735 0°1120 0°1585 0°0515 0-0160 0°0173 0-1220 
4 0:0375 0°0635 0°1850 0°0845 0°1255 0:0760 071175 0°1625 0°0525 0°0163 0°0187 0°1265 
5 — 0°0650 0°1915 0°0855 0°1270 0°0805 0°1215 0°1700 0:0540 — — 01275 
6 — — _ _ — 0°0810 071255 0°1735 — — — 01310 
7 


_ _ —_ — 01280 0°1815 _— —_ — —_ 


In expt. 84, 0-0385 mm. of H was present initially, and as seen from Fig. 4, ¢,; lies on the 


curve, so H has no effect on the low-press. decomp. 
The value of Q has been calculated from the curves in Fig. 4 at different PH, pressures, and 


it is seen that Q gradually increases with ppy,. 


i scincsnniahiatiianetantensiiindataiogain 0 0-02 0-06 0°10 0-20 
RI sonsniateidsitdahsicietiaabieubiayas 2-00 2-24 2°61 2-79 2-80 
ES TR 15°1 175 20°8 22-3 22°3 


Fig. 3 shows that at the lower temp., the reaction is not unimol., whereas at the higher 
temp., where PH, is much less strongly adsorbed, unimol. characteristics are more closely 
obeyed, i.e., 4, is nearly independent of Ppy,. 

Measurements of the temp. coeff. were also made at higher press. with the results given 
in Table IV. 


TABLE IV. 
Temp. of reaction tube 17°. Vol. of apparatus and filament as in Table I. 
Expt. Prnu;: ty. Temp. of filament. Expt. Prus;- ty. Temp. of filament. 
44 1-97 23 420° 49 1-92 1°35 497° 
45 1-91 18 420 52 1:96 5:2 459 
46 2°19 15 428 53 1-92 11°6 435 


47 1-96 61 448 
Energy of activation E = 39°3 kg.-cal. 


The heat of desorption of the PH, is thus 39-3 — 15-1 = 24-2 kg.-cal. As this value is 
essentially calculated by extrapolation of the low-press. results to zero press., it represents the 
heat of desorption of the PH, from an uncovered surface of Mo. 
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Tungsten Filament. 


W did not behave in the same way as Mo. The press. increase accompanying the complete 
decomp. was, however, exactly half the initial press. of PH;. Similarly P was deposited as the 
red variety on the walls of the tube. On carrying out expts. similar to those with the Mo 
filament to determine whether white P was an intermediate product, some traces of it were 
found; e.g., in one expt., after the PH, (ca. 0-5 mm.) had been decomposed and the reaction 
tube pumped out, on admission of a few mm. of O there was a bright flash of about 1 sec. duration. 
There was no succeeding continuous glow and no change of press. The amount of white P 
produced by the filament was estimated to be less than 0-05 mm. 


TABLE V. 
Temp. of W filament, 560°; length of long filament, 12°0 cm.; length of short filament, 3°0 cm. 
t. Ppyy+H: Prn,- k. t. DPrnyiny: Prus- k. t. Ppys+H,- Pens: k. 
Expt. 256. Expt. 257. Expt. 260. 
Vol. 324 c.c. Vol. 581 c.c. Vol. 581 c.c. 
0 0:967 0°967 -- 0 0°00855 — — 0 0°1122 —- — 
1 G°985 0°910 0°0262 1 0:00860 0°00845 os 1 01148 0°1070 0:022 
2 1-003 0°875 0:0220 2 0°00915 0°00735 0:°033 2 0°1183 0°1000 0°025 
4 1-037 0-809 0°0195 4 0°00980 0:°00585 0°041 4 0°1225 0:0916 0:022 
8 1-100 0°701 0:0180 8 0°01080 0°:00405 0°040 8 0°1303 0:0760 0°021 
t/4 = 6-2 min. t/4 = 2°8 min.; ¢’/4 = 1°6 min. t/4 = 5°6 min.; ¢’/4 = 3:1 min. 
Expt. 261. Expt. 271. Expt. 275. 
Vol. 581 c.c. Vol. 121 c.c. Vol. 121 c.c. 
0 0°0412 —- — 0 29°0 — — 0 262°5 == — 
1 0°0434 0:0368 0°049 1 30°3 26°4 0°041 1 276°0 235°5 0°047 
2 0°0453 0:0330 0-048 2 31-2 24°6 0:035 2 283°0 221°5 0:037 
4 0°0472 0°0292 0038 4 33°3 20°4 0°038 4 294°0 199°5 0:033 
8 0°0505 0°0226 0:033 8 37:0 13°0 0:043 8 311°5 164°5 0-025 


t/4 = 2-9 min.; #’/4 = 1°65 min. ¢/4 = 3°4 min.; ¢’/4 = 9°1 min. t/4 = 4 min.; ¢’/4 = 10°7 min. 


Expt. 278. Expt. 279. Expt. 280. 

Vol. 121 c.c. Vol. 121 c.c. Vol. 121 c.c. 
0 0°795 _ ~~ 0 0°396 — — 0 0°099 — ~- 
1 0°854 0°677 0-070 1 0°429 0°330 0-080 1 O-111 0°075 0:120 
2 0°904 0°577 0-070 2 0°458 0°272 0-082 2 O-117 0-063 0°098 
4 0°989 0°407 0°073 4 0°504 0°180 0°085 4 0°130 0:038 0°104 
8 1-102 0-181 0-080 8 0°558 0°072 0-092 8 0-140 0-018 0:092 

t/4 = 1-7 min.; t’/4 = 4°5 min. t/4= 15 min.; ’/4= 40min. ¢/4= 1:0 min.; ¢’/4 = 2°6 min. 


In Table V the results of a series of runs are given in which the press. was varied from 0-008 
to 262 mm. The vol. of the apparatus, including the particular manometric system in use, is 
shown; the time (¢/4) required for the reaction to go 25% of its full extent is given at the 
bottom of the record of each expt. ?/’/4 is the value ¢/4 would have in an apparatus of 324 c.c. 
The obs. reaction velocity is due to the two filaments. In order to calculate the rate produced 
by the central portion of the long filament, ¢/4 must be increased by 4%. & is the unimol. 
velocity coeff. as in Table II. 

First, it is noteworthy that ¢/4 does not markedly depend on press. A 30,000-fold press. 
increase changes ¢/4 by less than a factor of 10, viz., from 1-6 to 10-7 min. The reaction is 
therefore nearly unimolecular, as is further shown by the constancy of k in each run. Further, 
expts. were made with a press. of added H of the same order as that of the PH;, but no inhibitory 
action was noticed either at high or at low press. 

In Table VI are given two series of results with different filament temps., and at high (3 mm.) 
and low (0-05 mm.) press. The energies of activation (Q) are practically identical and therefore 


TABLE VI. 
Half-life Temp. of filament. Half-life Temp. of filament. 
(sec.). (1). (2). (sec.). (1). (2). 
120 560° 441° 192 523° 407° 
240 523 407 492 482 359 
720 482 359 96 560 447 


3000 415 _— 
Q = 25°8 kg.-cal. Q = 23°8 kg.-cal. 
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in agreement with the fact that the reaction is unimolecular over this range of press. The 
temps. given in col. 3 were calculated by the old method of measuring the resistance and assum- 
ing a uniform temp. along the filament; those calculated by the new method are materially 
higher. The wide discrepancy is shown more clearly by a calcn. of the value of Q. The first and 
third results of the low-press. expts. give Q = 28-7 kg.-cal., whereas the lower temp. gives 
Q = 18-7 kg.-cal. Although the abs. value of the temp. and energy of activation of the reaction 
of the surfaces of filaments is not at present of great theoretical importance, yet the discrepancy 
may alter the significance of any theoretical discussions in comparing similar reactions catalysed 
by filaments of different materials, 


DISCUSSION. 


The results may be summarised as follows. At low pressures, 7.e., less than 0-1 mm., 
phosphine decomposes according to a unimolecular law on tungsten and on molybdenum ; 
the rate of reaction is unaffected by the presence of molecular hydrogen. No inhibitory 
influence of phosphorus can be detected for the simple reason that as soon as it leaves the 
filament it is removed from further possible action by condensation on the walls of the 
reaction tube. Further, the activities of the two catalysts appear to be of the same order 
of magnitude. As the pressure of the phosphine is increased, its adsorption on molyb- 
denum increases rather more rapidly than on tungsten, so that with the former filament 
the reaction tends to be of zero order whilst the unimolecular law is still valid for the latter. 
In neither case is there any influence of hydrogen. 

At the comparatively low temperatures at which these wires function, it is improbable 
that the evaporating hydrogen is anything but normal molecules, possessing an energy of 
translation corresponding to the temperature of the wire. Such a molecule is therefore 
unlikely to have sufficient energy to enable it to initiate a stable chain reaction between 
phosphine and oxygen. It is otherwise with the phosphorus. When P, molecules derived 
from white phosphorus condense on a cool surface, they do not in general condense to the 
red modification. Hence the molecules of phosphorus which evaporate from the filament 
cannot be normal P, molecules. 

In a previous paper (Melville, Proc. Roy. Soc., 1932, A, 138, 394) mention has been made 
of an experiment in which normal P, molecules at low pressure are passed through a fine 
silica jet at 700° so as to dissociate them into P, molecules. That such molecules are 
actually formed by heating phosphorus vapour is shown, not only by density measurements 
(Preuner and Brockmoller, Z. phystkal. Chem., 1931, 81, 159), but also by the appearance 
of an absorption band spectrum corresponding to P, molecules (Jakolewa, Z. Physik, 1931, 
69, 548). A second cool jet defines a molecular beam which is projected into an evacuated 
tube provided at one end with a cool surface at — 80°. Condensation of the P, molecules 
gives rise to a red deposit. Now the temperature of the filaments in these experiments is 
sufficient to dissociate P, molecules. Further, in the experiments on the initiation of 
chains in phosphorus—-oxygen mixtures by hot wires, it was observed that mere heating 
of a tungsten or molybdenum wire to 500° in phosphorus vapour produced a deposit of 
red phosphorus in the reaction tube. It may be concluded, therefore, in absence of evidence 
to the contrary, that P, molecules evaporate from a filament upon which phosphine mole- 
cules are being dissociated. The question then arises as to whether these P, molecules can 
initiate a chain reaction between phosphine and oxygen. This problem will be treated in 
a later paper. 

There is, as might be expected, general similarity between the decomposition of 
ammonia and of phosphine. In accordance with the relatively greater stability of the 
former, the temperature to which the catalysts must be raised in order to obtain a measur- 
able rate of reaction is rather higher for it than for phosphine; ¢.g., on tungsten, phosphine 
at 500° has a half-life period similar to that of ammonia at 1000°, as found by Kunsman 
(J. Amer. Chem. Soc., 1928, 50, 2100; Phil. Mag., 1930, 10, 1015) in an apparatus of similar 
dimensions. Nevertheless, it is surprising that the decomposition of phosphine on tungsten 
is unimolecular at pressures where zero-order conditions obtain forammonia. The ammonia 
is therefore much more strongly adsorbed. It would be of interest to compare the heats 
of evaporation (4) of the two gases for the same filament by measuring the temperature 
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coefficient of the reactions over a wide range of pressures in order to find whether Ayq,>Apg,. 
At low pressures both reactions are unimolecular. 

With molybdenum, both gases at high pressures decompose according to a zero-order 
law. Noresults for ammonia on this metal at low pressures are available, but in Kunsman’s 
results for ammonia on molybdenum at different temperatures, a plot of the logarithm of the 
time required for half-decomposition against the reciprocal of the absolute temperature 
gives a curve which shows a decrease in the apparent energy of activation at high tem- 
peratures. This curvature is possibly due to the smaller adsorption of the gas, whereby the 
order of the reaction increases from zero to unity. 

One important difference between phosphine and ammonia is that hydrogen does not 
inhibit the decomposition of the former, whereas with the latter inhibition is pronounced 
both at high and at low pressures. If the surface of the catalyst is catalytically uniform 
and if the inhibitory effect of hydrogen on ammoniais merely due to displacement of adsorbed 
ammonia, then absence of inhibition by hydrogen on phosphine is not to be expected. 
There are two alternative explanations of thisdiscrepancy : (a) the catalyst is not of uniform 
activity and the ammonia decomposes on centres which can be easily covered with hydrogen, 
whereas different active centres for phosphine are not affected by hydrogen; (b) hydrogen 
not only displaces ammonia, but after or as a consequence of being adsorbed it becomes 
sufficiently reactive to attack the intermediate products of the decomposition of the 
ammonia molecule and to regenerate this gas. In the second case inhibition by hydrogen 
would then be due essentially to a chemical reaction, and therefore it is reasonable to 
suppose that there would be a marked difference in the condition for the appearance of 
inhibition. 

The energies of activation (E) for the decomposition of ammonia on tungsten, molyb- 
denum, and nickel are all of the same magnitude, v7z., 45 kg.-cal., which is much higher 
than the values for phosphine. Although, in general, there is no connexion between 
activity of catalyst and E£, yet it happens that tungsten and molybdenum are much more 
active for phosphine than for ammonia, 7.e., increased activity is associated with a low 


energy of activation. 
SUMMARY. 


The decomposition of phosphine has been studied on the surface of tungsten and 
molybdenum filaments at pressures from 0-01 to 300 mm. Reaction velocity is measurable 
at about 500°. On tungsten, the order of the reaction is nearly unity and is not much 
affected by pressure. On molybdenum, the decomposition is unimolecular at low pressures 
but becomes of zero order as the pressure is increased. The heat of adsorption of the 
phosphine has been calculated from the temperature coefficient of the reaction at high and 
at low pressures. The products of the reaction are red phosphorus and hydrogen. Mole- 
cular hydrogen has no effect. These reactions have been compared with the corresponding 


ammonia reactions. 
A simple method of correcting for end losses in a hot filament is described. 


The authors are indebted to Dr. E. B. Ludlam for encouragement during the work, and to 
the Carnegie Trustees for a scholarship (H. W. M.). 
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148. The Chemistry of the Glutaconic Acids. Part XXIII. The 
Catalytic Effect of Acids on the Rate of Racemisation of 1-trans-ay- 
Dimethylglutaconic Acid. 

By JAmEs S. FITZGERALD and JOHN PACKER. 


MEASUREMENTS on the rate of racemisation of /-trans-ay-dimethylglutaconic acid under 
the influence of certain reagents have been recorded by McCombs, Packer, and Thorpe 
(J., 1931, 547), who have shown that they support the view (see also Packer and Thorpe, 
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J., 1926, 1199; Thorpe, J., 1931, 1014) that the racemisation is brought about by 
tautomeric mobility in the three-carbon system of the glutaconic acid, so these rates may 
be taken as a direct measure of this mobility under the conditions employed. 

The results are now given of a much more detailed study of the catalytic action of 
various concentrations of hydrochloric and sulphuric acids on this prototropic system at 
100°. The rate of racemisation was measured polarimetrically, essentially the same 
methods as before being used. The results are in Table I. 


TABLE I. 


M. 100 & (hr.-). 100 &/M. y- a+. 100 k/a+. 
(Water) 30 — — ie ee 
Hydrochloric acid. 


La 2 
a8 


0°0005 2°75 5500 0-991 0-00049 5550 2°66 
0-001 2°6 2600 0-984 0-00098 2640 2°65 
0°0025 2°6 1040 0-965 0-0024 1080 2°58 
0°005 2°5 500 0°947 0°0047 528 2°46 
0°0075 2-3 307 0-932 0°0070 329 2°33 
0-008 2-1 263 0°931 0°0075 283 — 
0-01 2-1 210 0°924 0-0092 227 2-26 
0°05 19 38 0-860 0°043 44°2 1°65 
0-1 1°8 18 0°814 0-082 22-1 1°37 
0°25 1-9 76 0-770 0-193 9°87 0°99 
0°5 2°0 4°0 0°762 0°381 5°25 0°73 
1:0 2°5 2°5 0°823 0°823 3°03 0°44 
15 3°1 2°07 0-920 1°38 2°25 0°30 
2°5 4°9 1-96 118 2°95 1°66 0:09 
3°0 59 1°97 1°35 4°05 1°46 —0°05 
3°5 6°6 1:9 1-58 5°53 1-20 —0°10 
4°0 8°7 2-18 1°84 7°36 1-18 —0°12 
4°5 12-0 2-7 2°17 9°77 1-24 —0°25 
50 12°1 2°42 2°51 12-6 0:964 —0°25 
6:0 15:4 2°57 3°4 20°4 0°755 —0°35 
Sulphuric acid. 
0:0005 2°85 5700 0°871 0°00044 6550 — 
0-001 2-7 2700 0-831 0-00083 3250 — 
0°005 2°4 480 0°696 0°0035 690 — 
0-01 1:9 190 0°617 0:0062 308 1:98 
0°025 2-0 80 0°48 0-012 167 1°62 
0°05 18 37 0°397 0-020 93°3 1°37 
0-1 1°75 17°5 0-313 0-031 55°9 1:16 
0°25 1°8 72 0°230 0°058 31°3 0°84 
0°5 2°4 48 0-178 0-089 27°0 0°59 
1:0 3°1 3:1 0°150 0°150 20°7 0°37 
2-0 5°8 2°9 0°147 0-294 19°7 0°12 
3°0 8°5 2°8 0°166 0°498 16°9 —0°05 
Potassium hydroxide (0°0395 mol. per mol. of glutaconic acid). 
(0-005) 46 — — — — 2°89 


M is the molarity of the catalyst (hydrochloric or sulphuric acid), & the unimolecular 
velocity constant at 100°, y the activity coefficient, « -+ the mean ionic activity of the 
mineral acid in pure aqueous solution at 25° (taken from Lewis and Randall’s ‘‘ Thermo- 
dynamics ’’), and fy relates to the glutaconic—mineral acid mixtures (measured at 25° with 
a quinhydrone electrode). The concentration of the glutaconic acid was 2 g. per 100 c.c. 
of solution except in the most concentrated hydrochloric acid solutions, in which 1 g. per 
100 c.c. was used. 

As before, the mutarotation followed a unimolecular course, but the values of k were 
not calculated by the usual formula k = 1/¢ . log. a/(a — x), where a = initial rotation and 
x = change in rotation in time ¢; this method gives undue weight to the earlier readings 
and particularly to the initial one, so a modification was used. The equation may be 
written in the form log. (a — x) = loge a — kt, which is of the general form y = a + bx. 
The constants in this equation may therefore be found by dividing the data into two equal 
(or nearly equal) parts; then for each part 2 log. (a — x) = n loge a — kt, where n = 
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number of data in the division. The initial value at ¢ = 0 being included in log. (a — x), 
the equations can be solved for k and log. a by the ‘‘ method of zero sum ”’ (Campbell, 
Phil. Mag., 1920, 39, 177; 1924, 47, 816; cf. Roseveare, J]. Amer. Chem. Soc., 1931, 53, 
1651). 

In Fig. 1, k is plotted against the concentration (M) of the mineral acid; the curves 
show very clearly the depressing effect of low concentrations of acid on the rate of racemis- 
ation, and the existence of a definite minimum in this rate at acid concentrations of 
0-1—0:2M. The value of k at the minimum is the same for both acids within the 
probable limits of error of the measurements. Greater concentrations of acid bring about 
an increasingly strong positive catalysis and ultimately this effect is nearly proportional 
to the concentration of the acid. 
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In Figs. 2 and 3, & is plotted against « +, but there is no direct proportionality even 
at the higher concentrations. This is further evident from the values of k/« +- in col. 6 
of Table I. The departure from constancy is so great, especially in the case of hydrochloric 
acid, that it seems hardly likely that it can be due to the use of activities measured at 
25° instead of at 100° (for which temperature no values are available) or to the influence 
of the glutaconic acid on the activity of the mineral acid. 

The relationship between the rate of racemisation and the fg is shown by the points in 
Fig. 4; those for hydrochloric and sulphuric acids fall on the same curve, which shows a 
fairly flat minimum in the rate of racemisation at values of pq, between 1 and 2. The 
general form of the curve is that of the catalytic catenary, indicating that the rate of 
racemisation is mainly controlled by the hydrogen- and hydroxyl-ion concentration. 

Following Dawson, we express the actual rate of racemisation, k, as the sum of the 
partial rates due to the different catalytic entities present. Thus, neglecting the effects 
due to the chloride and sulphate ions, which are strong anions and would be expected on 
current theories of acid—base catalysis to have very little if any catalytic activity, we write 


k = Row [OH’] + kp-[H30°] + RwlH20] + Ay [CH 90g] + &y-[CpHyOq'] + Ay [CpHg04"] (1) 


Since the concentration of the water and glutaconic acid molecules may be considered 
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constant, their catalytic effect can be represented by a constant term &’. Further, the 
expression may, as a first approximation, be simplified by neglecting the variations in the 
concentrations of the glutaconate ions and including the factors due to them in the constant 
k’. So long as the partial velocity coefficients or the concentrations of these ions are 
sufficiently small compared with the corresponding quantities for the hydrogen and hydroxyl 
ions, this will not lead to any serious error. In any case, the influence of these factors will 
be greatest at or near the minimum point and will become relatively negligible at greater 
hydrogen- or hydroxyl-ion concentrations. The expression (1) is therefore reduced to the 
form 
k=k' + &og[OH'] + %y-([H,0] . . . .. . (2) 


Since the hydrogen- and the hydroxyl-ion concentration are inversely proportional to 
one another, the plot of & against [H,O°] for such an equation is a catenary curve with a 
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definite minimum, called by Dawson the isocatalytic point. It can be shown that at this 
point [H,0°]; = V Kwkog/kq-, where [H,O°]; is the hydrogen-ion concentration at this 
point and Ky = [H,O°}[OH’]. Hence foy-/kg- = [H,0")]:/[OH’]i, 7.¢., the ratio of the 
partial velocity coefficients for the hydroxyl and the hydrogen ion is inversely proportional 
to the respective ionic concentrations at the isocatalytic point. 

From Fig. 4 it is seen that the minimum lies near pg 1-5, whence Rog: /kg- = 10, which 
is extremely large but not impossible. From this value for the ratio, we may write koy = 
a X 10° and ky. = a X 10°, where a =constant. Substitution of these values in (2) 
gives 

k =k’ + a xX 10°(0OH’] + @ x 10°[H,0'). 


The values of k’ and a which most nearly fit the experimental values are k’ = 15 x 107 
and a = 4, whence (2) becomes 
k=1-5 x 107+ 4 x 10°1OH’] + 4 x 10°[H,0'}. 
The curve shown in Fig. 4 is the graph of & against [H,O°] for this equation. It is 
clear that the experimental points do not fit this (or any other) catenary exactly, but this 
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may be due to the factors which have been explicitly neglected in the above treatment or 
to the neglect of the undissociated molecules of strong acids possibly present in the more 
concentrated solutions. 

The very flat minimum may be explained, in part at least, if we assume that the partial 
velocity coefficients of the glutaconate ions are of the same order as that of the hydrogen 
ions, since in dilute acid solutions the concentration of the former will be inversely pro- 
portional to the latter and there will be a balancing out due to the two factors. As the 
concentration of the hydrogen ions is increased, however, the effect due to the glutaconate 
ions will rapidly become negligible. In any case exact agreement can hardly be expected 
between experimental results and a theoretical equation involving two constants of such 
very different orders as 10° and 10-°, especially where the quantities to which they refer 
are present in more or less equivalent concentrations, the values of which cannot be 
measured with certainty. 

The results obtained for the catalytic influence of aqueous acids on the rate of racemis- 
ation of /-tvans-«xy-dimethylglutaconic acid are in agreement with current theories of acid— 
base catalysis, as developed by Dawson and others (see Ann. Reports, 1926, 37; 1927, 33). 
In particular, the very much greater efficiency of the hydroxyl as compared with the 
hydrogen ion (104: 1) supports the view that racemisation of this acid is brought about 
by prototropic change in the three-carbon system, and is in agreement with what would 
be expected from the now generally accepted theories of the mechanism of prototropic 
change (see zbid., 1926, 38; 1927, 106; 1928, 123; 1929, 116). 

In a further communication it is hoped to record the rates of racemisation of this acid 
in more alkaline solutions. 


EXPERIMENTAL. 


1-trans-wy-Dimethylglutaconic Acid.—The inactive form of this acid (Thole and Thorpe, J., 
1911, 99, 2187) was converted into the /-form as follows (cf. J., 1931, 554): 2 Equivs. of the 
inactive acid in acetone were added to a hot solution of 1 equiv. of strychnine in CHCl,, and the 
mixture refluxed for 4 hr. The pptd. strychnine hydrogen «y-dimethylglutaconate was filtered 
off, and the active acid separated from this salt as before. The acid (recovery 90%) obtained 
generally gave [M]?* ca. — 89° in aq. solution and, although still containing some 11% of the 
inactive form, was used in the racemisation expts. without further purification. 

Measurement of Rate of Racemisation of 1-trans-ay-Dimethylglutaconic Acid at 100°.—Method 
of heating. ‘The calc. quantity of the glutaconic acid to give a solution of 2 g. per 100 c.c. was 
dissolved in a measured vol. of the reagent solution and then filtered into the reaction flask, 
usually a 30-c.c. thin-walled Pyrex flask. After the initial rotation of the solution had been 
measured at 25° (see below), the flask was placed in a boiling water-bath and at measured time 
intervals was removed and rapidly cooled in running water, the rotation of the solution being 
measured at 25°. This procedure was continued until colour or loss of material made further 
readings impossible. The time error introduced by this repeated heating and cooling of the 
solution was negligible : portions of a solution which was kept in a large boiling-tube in a boiling 
water-bath were withdrawn by a pipette, rapidly cooled, and the rotation determined; this 
method avoided cumulative heating and cooling errors, and a thermometer immersed in the 
solution showed that the temp. never varied by more than 0-3° from 100°, but both methods of 
heating gave the same results. The first and simpler method was generally adopted. 

Measurement of Optical Rotation—The polarimeter used was a Laurent’s half-shadow instru- 
ment (Schmidt and Haensch) taking tubes up to 24cm. long. The light source used was either 
a Na flame, or an electric lamp, the light being filtered respectively through dil. aq. K,Cr,O, or 
through dil. solutions of CuSO, and K,Cr,O,, which reduce the range of wave-lengths to a band 
in the yellow (Schoorl, Chem. Weekblad, 1926, 23, 21, 113). Since abs. rotation of one definite 
wave-length was not required and the rotations measured were small (< 2-5°), no appreciable 
error was introduced by the latter method, which was much more convenient. 

The polarimeter tube was surrounded by a jacket through which H,O at 25° was circulated 
from a thermostat by means of a special circulator. The value taken for a reading was the 
average of at least 20 observations, which were reproducible to 0-015°. 

Results.—The results are in Table II; after the first three cases, only the initial and the 
final observation are recorded; a is the rotation observed after the number of hours recorded 
in parentheses. The values of & for each set were calculated as described on p. 596, the values 
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of log a being plotted against ¢ and the straight-line graph corresponding to the calc. value of k 


drawn. Only those sets of results 


close to and symmetrically about this straight line. 


Water: 

a 2°48° (0 hr.), 2°30° (3 hrs.), 2°10° ( 
2°89 x 10-2. 

a 2°31° (0), 2°16° (3), 1-92° (6), 1°80° 
3°19 x 107%. 


Mean of two sets: 


0:0005M-HCI : 


a 2°50° (0), 2°28° (2), 217° (4), 2-03° (6), 1°93° (8), 1°78° (11), 1°71° (13), 1°61° (15°5). 


0-001M-HC1: a 2-40° (0), 1°32° (24). 


a 2°48° (0), 1-48° (20). 


0°0025M-HC1 : 
0:005M-HC1 : 
0°0075M-HCI : 
0°008M-HCI : 
0°01M-HCI1 : 


a 2°33° (0), 1°38° (21). 


a 2°33° (0), 1°53° (21). 
a 2-71° (0), 2-02° (14). 
a 2-33° (0), 1°61° (18). 


TABLE II. 
6), 200° (7:5), 1°87° (9), 1°73° (12), 1°75° (13°5), 163° (15). k= 
(9), 1°65° (12), 1°46° (15), 1°35° (18), 1-21° (21), 104° (24). k= 


a 236° (0), 157° (16). 
a 2-40° (0), 1°33° (27). 


the Glutaconic Acids. Part XXIII. 


have been retained for which the obs. points fall reasonably 


k = 3°04 x 10°. 


k= 3°76 x 10°. 





k = 2°57 x 107. 
k = 2°58 x 107%. 


k = 2°63 x 107. 
k = 2°52 x 107%. 
k = 2°27 x 107%. 
k = 2°06 x 10-°. 


an Oe —2 
:= be . io} Mean of two sets: k = 2°13 x 10°%. 


} Mean of two sets: k = 2°58 x 107. 








0°05M-HC1: a 2°52° (0), 155° (24). k= 1°91 x 10°. 
0°1M-HC1: a 2°66° (0), 1- 93° (17°5). k= 1°84 x 10°. 
0°25M-HC1: a 2°40° (0), 1°71° (17). k= 1°89 x 10°%. 

“kM. ° *44° “7R° ° —_ —2 
O6M-HCI ; - +3 toh" tea te Pata rag! *\ Weighted mean of two sets: & = 2°0 x 10-?. 
1:0M-HC1: a 2°50° (0), 1:29° (25°75). k = 2°46 x 107%, 

1-5M-HCl1: a 2°48° (0), 1°35° (22°5). k= 3:11 x 10°. 
2°5M-HCl1: a 2°46° (0), 1°30° (14). k= 4:93 x 10°. 
3°0M-HC1: a 2°48° (0), 1:72° (6). k= 5°91 x 10°. 
3°5M-HCl1: a 2°48° (0), 138° (9). A= 6°45 x 10%. 

a 2°46° (0), 0°74° (18). & = 6:39 x 107. }atean of three sets: k = 6°58 x 10-*. 
a 1:26° (0), 0°38° (16°5). k= 6°89 x 10%. 

° & . 4 Ro a Gs —2 
aetemaeals - a tof eens tio} ie dt, : a \ Weighted mean of two sets: k = 87 Xx 107%. 
4°5M-HCl1: a 1°31° (0), 0°48° (9). A= 12°0 x 107%. 
5°OM-HC1: a 1:24° (0), 0°40° (9°5). A= 121 x 10-%. 
6°0OM-HCl1: a 1°29° (0), 0°29° (10). k= 15°4 x 10°, 
0°0005M-H,SO,: a 2°40° (0), 1:18° (25). k = 2°85 x 10°%. 
0°001M-H,SO,: a 2°41° (0), 122° (25°25). k= 2°71 x 107%. 
0°005M-H,SO,: a 2°43° (0), 1-46° (23). & = 2°37 x 107°. 


k= 1:90 x 10-3. 
k = 2°02 x 107. 
k= }- 84 x 10-°. 


a 2°45° (0), 1°56° (24). 
2-42° (0), 1°53° (23). 
a 2*22° (0), 1-67° (16). 
a 2-01° (0), 1°46° (17°5). 
a 1-47° (0), 1°10° (15). 


a 
a 
0°01M-H,S0, : 
0°025M-H,SO,: a 
0°05M-H,SO, : 
0°1M-H,SO, : 
0°25M-H,SQ, : 


0°5M-H,SO,: a 1:22° (0), 0°88° (14). k = 2°43 x 107 
1-OM-H,SO,: @ 2°11° (0), 141° (14°). & = 3-07 x 10 
2-0M-H,SO,: a 1:25° (0), 0°74° (10). & = 5°79 x 10-2 
3°0M-H,SO,: a 2-04° (0), 1:21° (6). k = 8°54 x 107. 
0-005M-KOH : a 223° (0), 1:22° (13°5). k= 4:59 x 107. 


The Measurement of pg.—As it was not possible to measure the [H*] under the conditions of 
racemisation (at 100°), these values were determined at 25° by using a quinhydrone electrode in 
the glutaconic—mineral acid mixture and measuring the e.m.f. against a satd. calomel half elec- 
trode in the usual way. Perfectly steady readings were readily obtained. 
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NEw ZEALAND. [Received, April Tth, 1933.] 

















Electrometric Studies of the Precipitation of Hydroxides. Part IX. 601 





149. LElectrometric Studies of the Precipitation of Hydroxides. Part 
IX. The Action of Ammonia on Solutions of Mercuric Chloride. 


By H. T. S. Britton and BEATRICE M. WILson. 


THE fact that the precipitates obtained by the interaction of ammonia with mercuric 
chloride in aqueous solution contain ammonia has given rise to much conjecture regarding 
their constitution (Kane, Phil. Mag., 1836, 8, 495; 1837, 11,458; Annalen, 1838, 18, 201; 
Rammelsberg, J]. pr. Chei., 1888, 38, 558; Pesci, Gazzetta, 1889, 19, 509; 1890, 20, 485; 
Z. anorg. Chem., 1899, 21, 361; Hofmann and Marburg, Aunalen, 1899, 305, 191; Franklin, 
J. Amer. Chem. Soc., 1907, 29, 35; Frangois, Ann. Chim., 1927, 8, 341), the general view 
being that the mercury enters into either the ammonia molecule or the ammonium radical ; 
Rammelsberg and Pesci further consider that many precipitates are double compounds of 
complex mercury ammonia salts and ammonium chloride. Although the chemistry of 
mercuric compounds is in many ways anomalous, iin % 
it is highly probable that the formule usually HeCl ae J 
assigned to these precipitates do not represent 0-7 Ss 03 wncees 
their constitution. 13 
Unlike previous investigations, which have 
dealt mainly with the preparation and analysis 77 - 
of precipitates, the work here described has been 
carried out to study the mode of precipitation 7, 
from mercuric chloride solutions with ammonia, 
and if possible to correlate it with our previous = Keo 
work (Part VII; J., 1932, 2550) dealing with pre- 10 cs 
cipitation with sodium hydroxide. It shows that ‘ ae 
i 


the constitution of the complexes is simpler than 


O-5 



































the earlier workers supposed. ce H 
8 Nal 
EXPERIMENTAL. a 
1. Glass-electrode Titrations——These titrations 7 
were performed with the ballistic galvanometer as nH40H 











described by Britton and Robinson (Trans. Faraday 6 
Soc., 1932, 28, 531). Fig. 1 gives the variation in py 

when (a) 100 c.c. of 0-025M-HgCl, are titrated by 5 
0-1027N-NH,OH at 12° (lower curve), (b) 100 c.c. 

of 0-100N-NH,OH are slowly titrated by 0-1M-HgCl, 

at 16° (upper curve). The middle curve, being that 4 0 
of a titration of aq. HgCl, by NaOH under compar- NH, OH, mo!s. 

able conditions, is reproduced from Part VII. 

In (a), a very pale yellow bulky ppt. was formed immediately and did not readily settle, 
During the addition of 1-66—2-0 mols. of NH,OH the ppt. changed to a white, heavy, granular 
form and settled rapidly. The py values prevailing during this pptn. were about 2 units lower 
than those with NaOH. Although pptn. was complete with 1-75 mols. of NH,OH, it is evident 
that, coupled with the act of pptn., some other process was occurring, apart from the possible 
pptn. of a basic mercuric chloride as was the case when NaOH was used. 

The py values at which pptn. takes place on the addition of NH,OH approximate very closely 
to those established when sufficient time and agitation have been given to get the ppt. into a 
state of equil. with the mother-liquor; e.g., on addition of 0-4 mol. of NH,OH, the pg imme- 
diately set up was 5-68, but it became 5°50 after the ppt. had stood 4 days with the solution. 
It should be emphasised, however, that the inflexion of the py curve corresponding to equili- 
brium conditions occurred exactly at 2 mols. of NH,OH, the reaction then being complete. 

The [H’] after pptn. had become complete was such as would be produced by the buffering 
of the added excess NH, by the NH,Cl formed during the pptn. The free NH, and NH,Cl were 
estimated in aliquot portions of the filtrates obtained after various excess amounts of 0-1N- 
NH,OH had been added in titrations of type (a). Table Ia gives (in mol. or at. proportion) 
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(i) the amount of NH,OH added per mol. of original HgCl,; (ii) and (iii) respectively the NH, 
and NH,CI found in the filtrates; from these data the figures in the remaining cols. were cal- 
culated, the last of which gives the proptns. of Cl and NH, retained in the ppt. by each atom of 
Hg. 


TABLE I. 
Combined with Hg. 
NH, added. NH, found. NH,Cl found. NH, reacted. Cl. NH3. 
1-82 0-05 1-22 1:77 0°78 0°55 
2-00 0°15 1-28 1°85 0-72 0°57 
A 3-00 0-99 1°45 2-01 0°55 0°56 
4-00 1-90 1°52 2:10 0-48 0°58 
6-00 3°87 1:49 2°13 0°51 0-64 
{ 2°4 0-42 1:50 1-98 0°50 0°48 
B 3-2 1:17 1-50 2-03 0°50 0°53 
| 4-0 1-95 1:50 2-05 0:50 0°55 


The data show that if the ppts. be regarded as basic chlorides containing NH, 1-8—2-0 mols, 
of NH, produced HgCl).,;(OH),..;,0°56NH;, and the average comp. of the ppt. obtained there- 
after was HgCl).;3(OH),.47,0°59NHs3. 

If, however, the ppts. are shaken for some days with the mother-liquor containing excess of 
NH, until equil. is reached, they all acquire the same comp., viz., HgClo.;9(OH);.59,0°5NH3. 
This is seen from section B of Table I. 

It is possible to calculate the ratios of [NH,Cl] : [NH,OH] that set up the ~, values on the 
addition of excess of NH,OH in the first glass-electrode titration, from the expression 

Pou = Pkxn.on + log (NH,Cl] /[NH,OH]. 

As the available values of p Kyuu.on had been derived from conductivity measurements, the value 
was redetermined by means of glass-electrode titrations of solutions of NH, by HNO,. The 
value found was 4-70, in excellent agreement with the conductometric values (cf. Bredig, Z. 
physikal. Chem., 1894, 18, 289; Goldschmidt, Z. anorg. Chem., 1901, 28, 97). Col. 5 of Table II 
gives the values of [NH,CI]/[NH,OH], and, by assuming that no further NH, reacted after 
1-75 mols. had been added, the number of mols. of NH,Cl (7.e., per mol. of HgCl,) remaining in 
solution were calculated (col. 6) and also the amount of Cl that had been pptd. with the Hg 
(col. 7). Col. 8 represents the amount of NH, that must have passed into the ppt. upon the 
above assumption. 


TABLE II. 
NH,OH added, [NH,Cl]j/ NH,Clin Combined with Hg. 
c.c. mols. pu. Pou: [NH,OH].  soln., mols. Cl. NHs3. 
50:0 2°05 8°96 5°38 4:79 1-44 0°56 0°31 
60°0 2°47 9°35 4°99 1°95 1-40 0-60 0°35 
70°0 2°88 9°55 4°79 1°25 1:39 0°61 0°36 


Although the comp. of the ppt. thus found is only approx., owing to the considerable dis- 
crepancies introduced by very slight errors in the observed py, it indicates the nature of the ppt. 
immediately after its formation. The NH, content is somewhat lower than those recorded in 
Table I, but, as col. 4 of that table shows, the absorption of NH, by the ppt. continues some- 
what after pptn. has been completed. 

By carrying out the reverse process (b), it was considered that the absorption of NH, by the 
ppt. would be a max. The upper curve in Fig. 1 reveals that the reaction is accompanied by 
a buffered change in [H*] which terminates by a very definite inflexion when exactly 1 mol. of 
HgCl, has been added to 2 mols. of NH, aq. The reaction can thus be represented by the 
equation 

2¥NH,OH + 2(1 — *)NH, + HgCl, —> +H,O + 2*NH,Cl + *HgO,(1 — x)(HgCl,,2NHs) 
precipitate 
from which it would follow that if 2 mols. of NH,OH are not required to form 1 mol. of HgO, 
2 mols. of NH, must be taken up unattacked by each mol. of HgCl, that passes into the ppt. 
If pptn. takes place in this manner throughout the titration, then the amount of ammonia left 
unattacked is known at any stage, and as the value of [NH,Cl] /[NH,OH] can be calculated from 
the py value, the [NH,Cl] in solution, and consequently the NH, and Cl present in the ppt., can 
be ascertained. Table III gives the details of such computations based on the titration of 
100 c.c. of 0-100N-NH,OH with 0-1M-HgCl, at 16°. 
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TABLE III. 

HgCl, added, [NH,Cl]/ NH,Clin Combined with Hg. 
C.C. mols. per 1NH3. pu- Pou- [NH,OH]. soln., mols. Cl. NH;3. 
10°0 0°10 10°18 4:02 0°21 1°65 0°35 0°35 
20°0 0°20 9°81 4:39 0°49 1°47 0°53 0°53 
30°0 0°30 9°47 4°73 1-07 1°43 0°57 0°57 
40°0 0°40 9°05 5°16 2°88 1°44 0°56 0°56 


The last col. gives an average for the Cl and NH, contents of 0-50, and thus the ppt. must 
have been HgCl,.,(OH),.,,0°5NH, or, expressed in accordance with the above equation, 
3HgO,HgCl,,2NH3. 

2. Conductometric Titrations.—Fig. 2 gives Fic. 2. 
the conductometric curves of (a) 50 c.c. of 
0-025M-HgCl, with 0-1085N-NH,OH (curve I), HgCl2, mols. 
and (b) 100 c.c. of 0-100N-NH,OH with 0-1M- O_O 0-3 0-5 0-7 
HgCl,. Both titrations were performed at 25° 
in the cell described by Britton and German 
(J., 1930, 1249). Pptn. began immediately. In 6 
the direct titration curve the ‘“‘ break’”’ occurs ( 
with 1-75—1-8 mols. of NH;, which agrees with N\ 
the corresponding py curve in Fig. 1. The IL 
inflexion in the second curve occurs at 0-5 mol. 5 
HgCl, to 1 mol. NH3, as would be expected [ 
from the previous observations. N 

As the conductivity of HgCl, solutions is 41S Bo 
negligibly small, it follows that the sp. conduc- 4 
tivities established during the first titration 
must have been caused by the NH,Cl in the 
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solution as the result of the pptn. Ithas been II 
proved experimentally that the conductivities 2 i 
of the NH,Cl formed and the HgCl, present in §& Pe 
these titrations were additive—complex form-  *3 


ation thus having no effect as far as the total 
conductivities were concerned. Assuming that 
each successive addition of NH, caused a pro- 
portional pptn. of the Hg, and knowing that 
under the conditions of expt. 1-75 mols. of NH, 
cause complete pptn., we can calculate the mol. 
proptns. of Cl and NH, retained by the ppt. 
throughout the whole course of the reaction. 
Table IV records the obs. values of x and the 
calc. comp. of the ppt. For the purpose of 
computing the concn. of NH,Cl from the obs. 
sp. conductivities, the data published in the 
International Critical Tables (1929, Vol. VI, p. 
232) were used. The conductivity of the excess 
NH, is negligible. 
The ppt. first formed was 
HgCl,.9(OH) ;.9,0°75NHsg, 

but as pptn. proceeded it gradually acquired the composition HgCly..(OH),.9,,0°-47NH;. After 
pptn. had ended, the Cl content of the ppt. fell to 0-5, and the NH, to 0-25 mol. These cal- 
culations are, however, based on the assumption that no NH; reacts after 1-75 mols. of NH, 
have been added, whereas Table I shows that subsequently upwards of 0-25 mol. of NH, becomes 
incorporated in the ppt., and thus it appears that when a relatively small excess of NH, had 
been added, the ppt. was HgCl).,(OH),.;,0-5NHs3. 

Curve II in Fig. 2 represents the sp. conductivities of mother-liquors under equil. conditions 
produced by adding various amounts of 0-100N-NH,OH to 50 c.c. of 0-025M-HgCl, and keeping 
the mixture at 25° until const. conductivities were established. Table V gives some observa- 
tions obtained. 
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TABLE V. 


NH,OH added, x X 10, Cyne: X 10%, Combined with Hg. 
ce. mols. mhos. obs. total. Cl. NHs3. 
10°0 08 1°696 12:1 16°6 54 
20°0 16 2°874 20°6 28°5 55 
25-0 2-0 3°430 24°6 33°3 

30°0 2°4 3°268 23°4 31:2 


Sr or or 
Conte 


eece 


From the obs. conductivities, the concns. of NH,Cl (Cyy,c;) have been obtained, and these are 
compared with the concns. that would have been produced if HgO alone had been pptd. Curve 
II in Fig. 2 gives a definite ‘“‘ break ’’ with 2 mols. of NH;, and by assuming that 2 mols. of NH, 
are necessary for pptn. under equil. conditions, the comp. of the ppt. has been ascertained, the 
average being HgCl). ;;(OH);.47,0°53NHs3. 

The broken lines in Fig. 2 show the variations in x that would have occurred if either HgO 
or infusible white ppt. had been pptd. Some of the observations of the reverse titration, Curve 
III, Fig. 2, are recorded in Table VI, together with an analysis of the data. 


TABLE VI. 


HgCl,, Kovs, X 10°, xxnyon X 10%, knuyci X 10%, Cyn,ci X 10%, Combined with Hg. 
C.£. mols. mhos. mhos. mhos. obs. total. Cl. NHs3. 

0 0 0°368 0°368 0 0 _ 
10 0°10 1-923 0023 1-900 6 18-2 0°51 
20 0°20 3°436 0-009 3°427 ‘ 33°3 0°53 
30 0°30 4°667 0-004 4°663 3° 46:2 0°54 
40 0°40 5°684 0-002 5°682 ; 57°1 0°54 
50 0°50 6°380 0 6°380 *t 66°6 0°57 


| 


eeoce 
acccc 
> Oe 


Once again the ppt. had the approx. composition HgCl,.;(OH),.;,0-5NH,;. That pptn. took 
place in accordance with the equation on p. 602, and that the assumptions involved in Table VI 
were correct, was proved by titrating the free NH, and NH,CI present in the mother-liquor at 
different stages. ‘The analytical figures corresponded even more closely to the given composition. 

Hitherto attention has been confined to the reaction in dil. solution. By using more conc. 
solns. less basic ammoniated chlorides are obtained. For instance, calculation shows that the 
method given in the British Pharmacopeeia (1914, p. 177) for the prepn. of infusible white ppt. 
involves the interaction of stoicheiometric amounts by the gradual addition of 0-18M-HgCl, to 
approx. N-NH,OH. Strémholm (Z. anorg. Chem., 1908, 57, 73), however, used much more 
dil. aq. HgCl, but more conc. aq. NH, added in excess. André (Compt. rend., 1899, 108, 233, 
290) took equiv. amounts of 0-125M-HgCl, and 0-25N-NH,OH and obtained a mixture of 
infusible white ppt. with a large amount of the chloride of the so-called Millon’s base, but larger 
vols. of NH, soln. led to a preponderance of the former, and conc. aq. NH, gave this ppt. alone 
(see also de Fourcroy, Ann. Chim. Phys., 1792, 14, 47; Franklin, J. Amer. Chem. Soc., 1905, 27, 
820; Saha and Choudhuri, Z. anorg. Chem., 1910, 67, 358). 

As with dil. solutions, we have found that on addition of conc. aq. HgCl, to conc. aq. NHs3, 
reactions become complete when HgCl,: NH, = 1:2. It would thus appear that any variations 
caused by the use of more conc, solns. must lie in the value of x in the comp. of the ppt. (see p. 
602). Pptn. occurred in this way during progressive addition of 0-2M-HgCl, to 25 c.c. of 1-00N- 
NH,OH, as found by determination of the free NH, in the different filtrates. The concns. of 
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NH,Cl were also estimated volumetrically, and hence the amount of Cl which had been pptd. 
was calculated, the comp. of the ppt. at various stages of the reaction being as follows : 


HgCl,. 





- ——, Cyne Combined with Hg. 
Ce. mols. per mol.of NH,OH. mols. /I. Cl. NH. 
15°6 0°125 0-081 0°95 0°95 
31°25 0°250 0-114 0°97 0°97 
0°98 
1 


46-9 0-375 0-133 0-98 
62°5 0-500 0°135 ‘06 1-06 

The concns., are similar to those advocated in the Pharmacopeeia, and the table shows that 
both the ppts. had the composition, HgNH,Cl, usually assigned to infusible white ppt. 

A preparation made according to those directions was tested by dissolving the ppt. in aq. KI 
and titrating the liberated alkali electrometrically by means of the glass electrode with 0-1045N- 
HCl, instead of with 0-1N-HCl and methyl-orange, as prescribed. 25-7 C.c. of 1-001N-NH,OH 
were added to 3-494 g. of HgCl, in 75 c.c. of HO. The ppt. was separated, washed, dissolved 
in KI aq., the solution diluted to 500 c.c., and 100 c.c. used for titration. The curve so obtained 
showed two “ breaks’? : one when approx. 24 c.c. had been added, and the other after 49-2 c.c., 
the first corresponding to the free KOH and the second to the NH,OH set free in the reaction 
*HgO + (1 — x)(HgCl,,2NH,) + 4KI = K,Hgl, + 2*KOH + 2(1 — x)NH,OH + 2(1 — x)KCI. 

The first end-point was more accurately determined by boiling off the free NH, and titrating 
with HCl (methyl-orange) ; this indicated the correct ‘“‘ break ’’ at 23-7 c.c. Whence, 


___HgoO On ent) « a 23-7 _ 23-7 0-929 
HgCl,,2NH, “ PP*) ~ 7% ~ 49-2— 23-7 25-5 1-000" 
The ppt. is therefore 0-929HgO,HgCl,,2NHsz, or, expressed as before, Hg(OH) .9¢Cl,.94, 1-04NHs3. 





DISCUSSION. 


We have previously shown (J., 1932, 2550) that sodium hydroxide precipitates a basic 
chloride of the composition 3HgO,HgCl,. It is now shown that the same concentration of 
ammonium hydroxide gives the same chloride except that 2 molecules of ammonia are 
associated with one of mercuric chloride (or one with each atom of chlorine) in 
3HgO,HgCl,,2NH;. This might have been expected from its probable relationship to 
fusible white precipitate, HgCl,,2NH,. The precipitate contains the three elements in 
the ratios N: Hg: Cl =1:2:1, and thus corresponds to the chloride of the so-called 
Millon’s base. 

An extraordinary number of ammoniated basic mercuric chlorides have been described 
(see, e.g., Franklin, J. Amer. Chem. Soc., 1907, 29, 35), and, although it is highly probable 
that at room temperature only the two above-mentioned can be regarded as definite 
chemical individuals, yet as a rule they express the composition of precipitates that have 
actually been obtained under different conditions (cf. Table IV). The following figures 
give the various molecular ratios of Cl: NH, for each atom of Hg in these precipitates : 
15:15; 15:05; 1:1; 0:5:0-5; 1:2:0-4; 0-83:0-83; 0:75:0-75; 0-6:0-6; 0-6: 0-2; 
0-56 : 0-56; 0-4:0-4; 0-33:0-33. Hence, with very few exceptions, they show that the 
ammonia content is exactly the same as that of the chlorine, 7.e., that each molecule of 
mercuric chloride corresponds to two of ammonia. Previous theories regarding the con- 
stitution of some of these precipitates have been based on the erroneous contention (cf. 
Pesci, Z. anorg. Chem., 1899, 21, 361) that some of the ammonia was bound in such a way 
that it couid not be expelled by boiling with alkali solutions, and moreover there is little 
support for the view that some of it is held by such a weak base as mercuric oxide in the 
form of an amide. 

As Fig. 1 shows, there is an appreciable difference between the fg values (about 2 
units) during precipitation by ammonium hydroxide and by sodium hydroxide. This is 
unexpected if both precipitates are essentially basic chlorides of similar composition. 
Calculations show that the hydrolysis of the ammonium chloride formed is not responsible 
for the fg impressed upon the solution. The diminution in hydrogen-ion concentration 
in the latter stage of the precipitation was evidently caused by hydroxyl ions originating 
from the precipitate, probably from both the basic part and the combined ammonia. 
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The fact that ammonia causes precipitation at a lower fy, and therefore a lower hydroxyl- 
ion concentration, indicates that the entrance of ammonia into the precipitate gives it a 
lower solubility. Attempts have been made to calculate the ionic product, [Hg“"][OH’}’, 
corresponding to different stages of precipitation both in the titration and in the cases 
where equilibrium had been reached between the precipitate and the mother-liquor. The 
mercury electrode could not be employed to measure the mercuric-ion concentrations on 
account of its reaction with the mercuric salt in solution, but it can be shown that complex 
formation between mercuric and ammonium chlorides is too slight to affect the mercuric- 
ion concentration appreciably, so the equilibrium HgCl, — Hg” + 2Cl’ alone need be 
considered, the chlorine ion being derived from the ammonium chloride. Using the data 
given on p. 601, the concentrations of ammonium chloride being based on conductivity 
determinations (Table V), and taking K = [Hg™}[Cl’}?/[HgCl,] = 1 x 10 (Morse, Z. 
physikal. Chem., 1901, 36, 385), we have calculated the values of Py, given below. 





NH,OH , Titration. Equilibria. 

HgCl, — Pou: Pug: Prag" 108’}?- Pou: Puy: Pine" 0H’: 
0°4 8°66 11°26 28°58 8°89 11°38 29°16 
0°8 8°45 12°02 28°92 8°68 12°10 29°46 
12 8°22 12°64 29°02 8°43 12°55 29°41 
16 761 13°47 28°69 7°84 13°09 28°77 


This table shows that the ionic product [Hg**][OH’}?, corresponding to the precipitation 
of 3HgO,HgCl,,2NH;, is approximately 10-**. This is 1000 times smaller than the 
solubility product of mercuric hydroxide. As will be shown in a subsequent paper, it is 
this condition which enables ammonia to cause precipitation from Nessler’s solution, 
whereas, owing to its greater solubility product, mercuric oxide is not precipitated there- 
from by the large concentration of sodium hydroxide present. 

If the magnitudes of [Hg**] and [OH’] are determining factors in precipitation with 
ammonia, as would be the case if the precipitates were ammoniated basic chlorides, then 
it would appear that the magnitude of the dissociation constant of ammonium hydroxide 
will determine whether the requisite pg can be established at which the ionic product 10-* 
can be exceeded. Now, although mercuric chloride forms analogues of fusible white 
precipitate with many organic bases, e.g., ethylamine, aniline, pyridine, quinoline, and 
urea, yet the last four are too weak to give basic chloride precipitates (containing the 
organic base) when added directly to mercuric chloride, evidently because they cannot 
maintain fy values high enough for basic precipitation to take place. By adding concen- 
trated alkali and alkali carbonate solutions to solutions of mixtures of mercuric chloride 
and urea, however, Pesci (Z. anorg. Chem., 1897, 15, 232) prepared the urea analogues of 
infusible white precipitate and of the so-called chloride of Millon’s base. 

The precipitation of a less basic chloride, HgO,HgCl,,2NH, (¢.e., hydrated infusible 
white precipitate) by use of a more concentrated solution of ammonia may appear to be 
at variance with the views expressed above. Two influences, however, come into play : 
(1) the diminished ionisation of the ammonium hydroxide, due to the increased concen- 
tration, and consequent production of a relatively smaller [OH’] and greater [NHg]; (2) the 
solubility of mercuric oxide in saline solutions (cf. Part VIII, this vol., p. 9) including those 
of ammonium salts. If the concentration of ammonium chloride formed during the 
reactions at higher concentrations exceeds that with which the particular final solid phase 
is in equilibrium (cf. Strémholm, Z. anorg. Chem., 1908, 57, 80) it will dissolve mercuric 
oxide from the complex basic precipitate, HgO + 2NH,Cl —> HgCl,,2NHsg, and the pro- 
duct is ultimately reprecipitated. 

Many of the methods of preparing fusible white precipitate, HgCl,,2NH,, make use of 
precipitation with concentrated solutions of ammonia from mercuric chloride solutions in 
which much ammonium chloride has been dissolved. The latter salt not only tends to 
dissolve the former but also forms a complex, (NH,),.HgCl,, with it (see Part VII), so reduc- 
ing the mercuric-ion concentration and raising the pg at which precipitation occurs on 
addition of ammonia, and thus tending to counteract the precipitation of mercuric oxide 
in the product. Although fusible white precipitate and mercuric oxide are but sparingly 
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soluble in water at room temperature, both are more soluble in concentrated solutions of 
ammonia and especially if ammonium chloride is present. 


The authors thank the Government Grants Committee of the Royal Society for a grant, 
and also the Senate of this College for the Mardon Research Fellowship (B. M. W.). 
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150. Experiments on the Synthesis of Substances Related to the 
Sterols. Part I. Some Derivatives of Chrysene. 


By G. R. RAMAGE and ROBERT ROBINSON. 


RECENT developments in the chemistry of the sterols, bile acids, and sex hormones (the 
literature of the last is summarised in Ann. Reports, 1932, 240) have been so rapid as to 
render feasible an attempt to supplement analysis by synthesis in these groups of natural 
products. The angle-methyl groups offer formidable difficulties in this connexion, but only 
one of these is present in ketohydroxyoestrin, the constitution of which may, as a working 
hypothesis, be represented as (I). (A communication by Butenandt and his collaborators 
read at the Chemical Society Discussion on March 16th gives experimental support to the 
phenanthrene skeleton assumed.) It is the purpose of the work now described to obtain 
ultimately a nor-derivative of (I), the physiological properties of which should be of much 
interest, especially in view of the work of Cook, Dodds, and Hewett (Nature, 1933, 131, 56) 
which indicates that the oestrogenic property is not of a highly specific nature. The general 
idea underlying our scheme of synthesisis the preparation of symmetrical chrysene derivatives, 
one of the terminal rings of which will be modified so as to provide the necessary five- 
ring including a carbonyl group. 

Thus it appeared probable that the phenol (II) could either be reduced to a hexahydro- 
derivative, then methylated, oxidised to a dibasic acid, and converted into a pyro-derivative, 
or alternatively might be changed by nitrous acid to a nitroso-derivative which could be 
transformed successively into a nitrile unsaturated acid, a dibasic unsaturated acid, a 
dibasic saturated acid, and a ketone. These considerations made it plain that chrysene 
derivatives must be synthesised, and that these should preferably be reduced in the two 


inner nuclei. 
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The first to devise a suitable synthesis was Beschke (Annalen, 1911, 384, 143); this 
depended on the application of the Reformatzky reaction to benzil and its derivatives, 
and the essential stage was the double ring closure of dibasic acids of the type (III). An 
even more convenient method, indicated by Braun and Irmisch (Ber., 1931, 64, 2461), is 
very similar in principle to the process of Beschke but employs the saturated By-diphenyl- 
adipic acid (IV). 
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Isomeric forms of this acid were first obtained by Henle (Annalen, 1906, 384, 16), who 
reduced cinnamic ester with amalgamated aluminium ; the yield in the process was improved 
by Oommen and Vogel (J., 1930, 2148), who also obtained one of the acids in a condition of 
greater purity and determined the configuration of the isomerides. Braun and Irmisch 
(loc. cit.) submitted the acid chlorides of the meso- and r-By-diphenyladipic acids to the action 
of aluminium chloride and so obtained the meso- and r-diketohexahydrochrysenes (V). 

As a by-product, keto-acids of the form (VI) were obtained. It was stated that di- 
phenyladipic ester was obtained by the action of alcohol and concentrated hydrochloric 
acid on the meso-diketohexahydrochrysene. This observation we are unable to confirm, 
and the ring systems of the diketohexahydrochrysenes appear to exhibit normal stability. 
Braun and Irmisch carried out reductions of the diketohexahydrochrysenes, and obtained 
substances which they regarded as hexahydrochrysenes; the physical properties of their 
products do not tally with those which we have observed. Braun and Irmisch correctly 
retain the prefixes meso- and r- for the chrysene derivatives obtained from the respective 
diphenyladipic acids. It is, however, an interesting stereochemical point that meso-fy-di- 
phenyladipic acid must give rise to a trans-diketohexahydrochrysene, whereas r-dipheny]l- 
adipic acid gives the cis-diketone. Here the prefixes cis and trans refer to the disposition 
of groups at the fused-ring positions of the central hexahydronaphthalene nucleus. In our 
own experiments in this field the isomeric diphenyladipic acids were submitted to the action 
of hot 85% sulphuric acid, a method used by Perkin, Ray, and Robinson for the preparation 
of 7-methoxychromanone (J., 1927, 2097) and with great success by R. D. Haworth in the 
synthesis of phenanthrene derivatives (e.g., J., 1932, 1125). The formation of the diketo- 
hexahydrochrysenes was particularly smooth and it was later found that equally good results 
were obtainable by the use of the diphenyladipic esters. The isomeric ketones were, as 
already stated, perfectly stable substances and were reduced by means of amalgamated 
zinc and hydrochloric acid to homogeneous hexahydrochrysenes (VII). These substances 
furnished chrysene on being heated with selenium. The reduction of methyl 4-methoxy- 
cinnamate by amalgamated aluminium in moist ether affords a mixture of methyl By-di- 
anisyladipates-a and -b, of which only the former has so far been employed (the b-series is 
in course of preparation) ; this isomeride is the more sparingly soluble and by analogy should 
be the meso-form. 

The ring-closure in this case cannot be conveniently effected by means of sulphuric acid, 
and we returned to a modification of the method of Braun and Irmisch (loc. cit.). By-Di- 
anisyladipyl chloride was submitted to the action of aluminium chloride in tetrachloro- 
ethane solution; carbon disulphide was far less satisfactory. This diketodimethoxy- 
hexahydrochrysene was reduced by Clemmensen’s method to the dimethoxyhexahydrochrysene 
(VIII). 


CH CH 
/COH Fi 2 
HG HC Hc” Me 

/Nen/ yor? "4 

OC) oe Se: M CH 

NS 2 at e H, 
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(VI.) (VIL) (vIIz,) 


The latter process offered considerable difficulty until it was found that the addition 
of anisole to the reaction mixture greatly facilitated the reduction. The substance (VIII) 
is the intermediate which we hope to be able to transform into a near relative of keto- 
hydroxyoestrin, and this work is in progress. 


EXPERIMENTAL. 

trans-2 : 11-Diketo-1: 2:9: 10:11: 18-hexahydrochrysene (V).—The reduction of methyl 
cinnamate under Oommen and Vogel’s conditions (loc. cit.) gave meso- and r-diphenyladipates 
in 20% and 15% yields respectively. Methyl meso-diphenyladipate (1-5 g.) was added to conc. 
H,SO, (18 c.c.) and H,O (6 c.c.) and heated on the steam-bath with stirring for 3 hr. The ppt. 
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from three such expts., after addition of H,O, was digested with hot Na,CO, aq., washed, and 
dried (3-1 g.). tvans-Diketohexahydrochrysene separates from BuOH in colourless diamond- 
shaped plates, m. p. 293°. The bis-semicarbazone, prepared in boiling BuOH, crystallised from 
AcOH (very sparingly sol.) in minute needles, m. p. 352° (Found : N, 22-6. C, 9H ,O,N, requires 
N, 22:3%). Ifthe meso-acid is employed in the above prepn., the time of heating may be reduced 
to 14 hr. 

trans-1: 2:9: 10:11: 18-Hexahydrochrysene (VII).—A mixture of the above-described 
diketone (3-0 g.), amalgamated Zn (20 g.), and conc. HCl (15 c.c.) was gently refluxed for 8 hr., 
and for a further equal period after addition of conc. HCl (12c.c.). On cooling, the oil solidified, 
but the substance was isolated by means of C,H, and distilled (2-0 g., b. p. 223°/12 mm.) as 
a colourless oil which rapidly solidified; it then crystallised from BuOH-—EtOH (1: 1) in long 
colourless prisms, m. p. 115° (Found: C, 92-0; H, 7-8. C,gH,, requires C, 92-3; H, 7-7%). 

cis-Diketohexahydrochrysene (V).—Methyl r-By-diphenyladipate (4:5 g.), treated like the 
meso-ester, furnished cis-diketohexahydrochrysene (2-7 g.), which crystallised from EtOH in 
glistening plates, m. p. 184° (Found: C, 82-4; H, 5-4. Calc. for C,gH,,0,: C, 82-4; H, 5-3%). 

cis-Hexahydrochrysene (V11).—The cis-diketone (2-0 g.) was reduced as described above for 
the tvans-isomeride and afforded cis-hexahydrochrysene (1-2 g.), obtained on distillation as a 
colourless oil, b. p. 208°/12 mm., and then on crystn. from EtOH in elongated prisms, m. p. 
75° (Found : C, 92-3; H, 7-8%). 

Chrysene.—When either cis- or trans-hexahydrochrysene (1-0 g.) was heated with Se (5-0 g.) 
at 300° for 20 hr. a cryst. sublimate was formed, and this was melted down thrice in order to 
complete the oxidation. The sublimate was removed, combined with the residue from an 
extraction of the Se with C,Hg, and distilled from Na; the distillate (0-8 g.), cryst. from C,H, 
afforded pure chrysene (0-6 g.), m. p. 248° alone or mixed with an authentic specimen kindly 
supplied by Dr. A. C. Bottomley (Found: C, 94-6; H, 5-3. Calc. for C,,H,,: C, 94-7; H, 
53%). The compound with s-trinitrobenzene was obtained from C,H, as yellow needles, 
m. p. 186° (Sudborough, J., 1916, 109, 1344). ' 

Methyl 4-Methoxycinnamate.—Anisaldehyde (50 g.) and anhydr. AcOMe (150 c.c.) were 
added in one portion to sodium wire (9-5g.), with cooling to control the ensuing vigorous reaction. 
After being heated on the steam-bath for 2 hr. with occasional stirring, the semi-solid mass was 
decomposed by dil. HCl, and the ester isolated partly by crystn. and partly by distillation of 
mother-liquors (yield, 62 g. of m. p. 89°) (Found: C, 69-0; H, 6-5. Calc. for C,,H,.0,: C, 
68-8; H, 6-3%). 

Methyl By-Dianisyladipate-a.—A solution of methyl 4-methoxycinnamate (50 g.) in ordinary 
ether (1000 c.c.) was poured on amalgamated aluminium foil (90 g.). After the addition of 
H,O (15 c.c.), the flask was cooled in running water during 8 hr. The filtered solution and the 
washings of the aluminium sludge were concentrated and finally methyl $-anisylpropionate 
(28 g.), b. p. 150°/14 mm., was removed by distillation as a colourless oil which solidified and 
crystallised from light petroleum in plates, m. p. 39° (Found: C, 68-1; H, 7-4. Calc. for 
C,,H,,0,: C, 68-0; H, 7-2%). The undistilled residue (20 g.) was diluted with Et,O, and the 
less sol. methyl By-dianisyladipate-a then separated (7-0 g.); recryst. from EtOAc-EtOH (1: 1), 
it formed rectangular plates, m. p. 153° (Found: C, 68-4; H, 6-7. C,,.H.,O, requires C, 68-4; 
H,6-7%). By using ethyl 4-methoxycinnamate (Vorlander, A nnalen, 1897, 294, 295), the average 
yield of ethyl By-dianisyladipate-a, colourless elongated prisms from EtOH, m. p. 110° (Found : 
C, 69-9; H, 7-4. C,H 390, requires C, 69-6; H, 7-3%), was inferior to that obtained with the 
methyl ester. 

By-Dianisyladipic-a Acid.—The methyl ester (8-0 g.) was refluxed for 3 hr. with a solution 
of KOH (10 g.) in H,O (10 c.c.) and EtOH (20c.c.). The ppt. obtained on addition of HCl aq. 
was dried; it crystallised from BuOH in colourless needles, m. p. 250° (Found: C, 67-5; H, 
6-5. CypH,..O, requires C, 67-1; H, 6-2%). 

2: 11-Diketo-5 : 14-dimethoxy-1:2:9:10: 11: 18-hexahydrochrysene-a.—A mixture of di- 
anisyladipic-a acid (3-0 g.) and purified SOCI, (10 c.c.) was gently refluxed on the steam-bath 
until a clear solution resulted (?—1 hr.) ; the excess of reagent was then removed by distillation, 
and the solid residue could be crystallised from C,H, in needles, m. p. 162°. The crude chloride 
was coarsely powdered, covered with C,H,Cl, (20 c.c.), and finely powdered anhydr. AICI, 
added; the mixture was maintained at 55—60° for 12 hr. and then decomposed by means of ice. 
The buff-coloured ppt. was washed by digestion with hot Na,CO, aq. and then recrystallised 
from AcOH or anisole, forming colourless prisms, m. p. 285° (Found : C, 74-6; H, 5-7. Cy9H,,O, 
requires C, 74-5; H, 5-6%). This diketone is very sparingly sol. in most org. solvents. The 
yield in the condensation exceeds 80%, but was not usually determined because it was found 
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that drying rendered the substance less readily sol. in anisole and this hindered the reduction 
described below. 

5 : 14-Dimethoxy-1: 2: 9:10:11: 18-hexahydrochrysene-a (VIII).—Diketodimethoxyhexa- 
hydrochrysene (from 3 g. of the acid) was mixed with amalgamated Zn (100 g.), anisole (10 c.c.), 
and conc. HCl aq. (12 c.c.) ina 100c.c. round-bottomed flask, and the liquid refluxed for 20 hr. 
with occasional shaking. The anisole layer was combined with an extract of the Zn with the 
boiling solvent and was distilled in vac. from the steam-bath. The residue solidified in contact 
with EtOH (yield, 1-2 g.); it crystallised from anisole-EtOH (1: 1), but, as it was still yellow, 
final purification was effected by distillation in vac. and recrystn. from AcOH, colourless needles, 
m. p. 185°, being obtained (Found: C, 81-7; H, 7-2. C,9H,.O, requires C, 81-6; H, 7-5%). 


Robinson and Shah: Anthoxanthins. 
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151. Anthoxanthins. Part XV. Experiments on the Synthesis of 
Garcinin. 


By RoBErT Ropinson and R. C. SHAH. 


AccorDING to Shinoda (J. Pharm. Soc. Japan, 1927, 541, 35) the Japanese dye “ fukugi ” 
(from the bark of Garcinia spicata or Xanthocymus ovalifolia) contains garcinin, C,gH 0, 
(or C,gH,,0,), as well as the better known fukugetin, C,,H,.0,.* 

A. G. Perkin and Phipps (J., 1904, 85, 56) showed that fukugetin gives phloroglucinol 
and protocatechuic acid on fusion with potash, so the possibility that the substance is 
tetrahydroxy-2-styrylchromone was contemplated until synthetical experiments (Robinson 
and Shinoda, J., 1925, 127, 1973) showed that the properties of styryl analogues of flavonols 
were such as to throw considerable doubt on the validity of the hypothesis. 

The alternatives have been discussed by Shinoda (loc. cit.), who showed that 3-ethyl- 
and 3-methyl-substituted luteolins are not identical with fukugetin and garcinin respectively. 
It is apparent that these colouring matters may contain a ring structure as in (I) for garcinin 
and (II) for fukugetin, but there is very little direct evidence for these suggestions and 
hence synthetical experiments were instituted. The present communication contains an 
account of some preliminary attempts, which have now been superseded by a more promis- 


ing line of attack to be described in due course. 
OH 


O OH 


I. HO AD II. 


Biilow and Wagner (Ber., 1903, 36, 1941) found that 7-hydroxy-4-carboxyflavylium- 
betaine could be oxidised to =p A adr and Robinson and Schwarzenbach (J., 
1930, 822) confirmed this observation and improved the yield but could not apply the 
reaction in analogous cases. Unfortunately an attempt to apply it to the synthesis of a 
substance of the formula (I) also failed. 

5 : 6-Dimethoxyhydrindone (Perkin and Robinson, J., 1907, 91, 1081) was condensed 
with ethyl oxalate in alcoholic solution in the presence of sodium ethoxide, and the result- 
ing ethyl 5: 6-dimethoxy-1-hydrindone-2-glyoxylate (III) condensed with phloroglucinol 
dimethyl ether by means of hydrogen chloride to a pyrylium salt, most easily purified in 
the form of the related quinonoid colour-base (IV). 


* Murakami (Proc. Imp. Acad. Japan, 1932, 8, 500) has indicated that fukugetin and garcinin are 
isomerides of the formula C,,H,,0O,. They both appear to be C-p-hydroxybenzylquercetins. 
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The acid corresponding to the ester (IV) possesses the usual properties of a pyrylium- 
betaine; it furnished no y-pyrone derivative on oxidation. 
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We have also to record the breakdown of the standard flavone synthesis of von Kost- 
anecki in this series. The preparation of methyl 2:4: 6-trimethoxybenzoate (Herzig, 
Wenzel, and Télk, Monatsh., 1902, 23, 90) has been greatly improved, but this ester could 
not be condensed with 5: 6-dimethoxyhydrindone even by means of sodium in boiling 
xylene. This is doubtless the result of hindrance by the o-situated methoxyl groups and 
it may be recalled that Mauthner (J. pr. Chem., 1930, 124, 319) was unable to bring methyl 
2 : 6-dimethoxybenzoate and ethyl acetate into reaction in the presence of sodium, even 
during 8 hours at 100°. 

The 2-benzoylation of hydrindone could be effected in the normal way or by the action 
of benzoyl chloride on the sodium derivative. 


EXPERIMENTAL. 

Ethyl 5 : 6-Dimethoxy-1-hydrindone-2-glyoxylate (II1).—The difficulty experienced in de- 
hydrating §-3 : 4-veratrylpropionic acid (Perkin and Robinson, Joc. cit.) by means of P,O, in 
C,H, was traced to the use of carefully dried reagents. When the C,H, was first shaken with 
H,O, uniform satisfactory yields were obtained (7-8 g. of ketone from 10 g. of acid). Dimethoxy- 
hydrindone crystallises from CCl, in yellow prisms, m. p. 116—118°. . 

A solution of dimethoxyhydrindone (25 g.) and ethyl oxalate (30 g.) in EtOH (50 c.c.) was 
added, with cooling, to one of NaOEt (2-9 g. Na) in EtOH (50 c.c.). Next day the reddish- 
yellow sodium salt was collected after addition of Et,O to complete pptn., washed with Et,O, 
and decomposed by dil. HCI in ice-cold aq. solution; the product (30 g.) crystallised from C,H, 
or aq. acetone in yellow prismatic needles, m. p. 158—159° (Found : C, 61-9; H, 5-5. C,;H 1,0, 
requires C, 61-6; H, 5-5%). The related acid, best obtained by hydrolysis of the ester (1 g.) 
in a mixture of conc. HCl (10 c.c.) and AcOH (10 c.c.) at 70—80° for 30 min., crystallised from 
AcOH in yellow prisms, m. p. 245—247° (Found: C, 58:3; H, 4:8. C,3H,.O., requires C, 
59-1; H, 4-5%). The analysis indicates about 0-2 mol. of H,O, and this seems to be difficult 
to remove. 

Colour-base * of 7-Hydroxy-5 : 5’ : 6’-trimethoxy-4-carbethoxy-2 : 3(3’ : 2’)-indenobenzopyrylium 
Chloride (IV).—A solution of phloroglucinol dimethyl ether (8 g.) and ethyl dimethoxyhydr- 
indoneglyoxylate (15 g.) in ACOH (120 c.c.) was saturated with HCl at 60—70° for 10hr. After 
12 hr. at room temp. the solid was collected (4 g.) and recrystallised from hot AcOH containing 
HCl; it separated in deep orange prismatic needles with green reflex, gradual decomp. above 
300°. The analysis (Found: C, 60-2; H, 4:7; Cl, 8-0; MeO, 26-8. C,,H,,O,Cl requires C, 
61-0; H, 4-9; Cl, 8-2; 4MeO,t 28-7%) indicates partial demethylation and, fortunately, com- 
plete purification of the colour-base proved feasible. The ferrichloride crystallised from AcOH 
in reddish-violet prisms. 

The 4-carboxy-derivative was prepared by refluxing the ester with AcOH-conc. HCl for 
many hours. The salt gradually separated in deep red crystals. This substance could not be 
obtained directly by employing dimethoxyhydrindoneglyoxylic acid in the original condensation, 

The betaine was obtained from the carboxy-chloride by the action of NaOAc as a micro- 
cryst., deep red powder, decomp. above 300°. Its constitution follows from the method of 
prepn., analogies, and from its reconversion into a pyrylium salt. 

The original ester-chloride (2 g.) was dissolved in hot MeOH, and excess of NaOAc in hot 


* Substances of this class have formerly been described as anhydro-benzopyranols, but it does not 
seem desirable to perpetuate superseded conceptions of reaction mechanism in the nomenclature and 
hence a change is now suggested. There can be little doubt that the formation of quinonoid colour- 
bases from kations of hydroxylated pyrylium salts (as also in analogous series) and vice versa is the 
result of the direct removal or attachment of protons and does not proceed via a pyranol stage. 

t 3MeO,1EtO. 
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MeOH added, quickly followed by ACOH. The colour-base, which was pptd. in micro-crystals, 
was collected, washed with MeOH, and recrystallised from CHCl,, forming small, dark brown- 
crimson prisms, m. p. 240—245° after softening at 220—225° (Found: C, 64-0; H, 5-1; MeO, 
29-1. C,.H,.O, requires C, 63-8; H, 5-3; 4MeO, 29-2%). The CHCl, solution of this quinone 
is deep violet; it is readily changed by mineral acids to the orange-red pyrylium salts. 

Methyl 2: 4: 6-Trimethoxybenzoate.—(a) Phloroglucinol trimethyl ether was condensed with 
methyl] chloroformate in the presence of AlCl, (Herzig, Wenzel, and Télk, loc. cit.); after separ- 
ation from demethylated by-products the yield was 10%. Use of CS, as diluent reduced the 
yield (4%); use of FeCl, gave an amorphous product, m. p. 100—160°, and this could not be 
purified. 

(b) The carboxylation of phloroglucinol dimethyl ether by means of KHCO, in glycerol 
solution succeeded, but the yield was inferior (0-2—0-5 g. from 5 g.) and this route was abandoned. 

(c) Phloroglucinolcarboxylic acid was prepared by Skraup’s method (Monaish., 1889, 10, 
724), but the purification of the crude acid was found to be most easily carried out by solution 
in hot MeOH and addition of H,O to incipient crystn. Methylation by CH,N, in dry Et,O, 
following Herzig, Wenzel, and T6lk (/oc. cit.), afforded methyl 6-hydroxy-2 : 4-dimethoxybenzoate 
(1-5 g. from 1-7 g. of the acid) and in the further methylation by means of Mel and KOH in 
MeOH the ester (2 g.) gave fully methylated ester (1-5 g.). 

(d) The complete methylation of phloroglucinolcarboxylic acid by means of CH,N, succeeds 
in moist Et,O and this is by far the most convenient method of prepn. 

An Et,0 solution of CH,N, (from 30 c.c. of NO-NMe-CO,Et) was distilled into a suspension 
of phloroglucinolcarboxylic acid (5-1 g.) in Et,O (25 c.c., dried over CaCl,) and next day the 
excess of CH,N, was destroyed by AcOH. On working up, incompletely methylated products 
(0-4 g.) were separated from the tetramethyl] derivative (5 g.), which, best cryst. from CS,, 
formed colourless prisms, m. p. 67—69°. This ester could not be brought into reaction with 
5 : 6-dimethoxyhydrindone in the presence of metallic Na: the failure cannot be attributed to 
the dimethoxyhydrindone, which condenses normally with ethyl oxalate (above) and was also 
found in preliminary trials to condense with ethyl benzoate to a characteristic $-diketone 
(copper salt and deep brown FeCl, reaction). 

2-Benzoyl-1-hydrindone.—(a) 1-Hydrindone (2-6 g.) was added to a suspension of granulated 
Na (0-75 g.) in dry toluene, a vigorous reaction ensuing. BzOEt (6 g.) was gradually introduced, 
and the mixture refluxed for 3hr. The solid was collected, shaken with dil. HCl and Et,O, 
and the Et,O solution separated and shaken with Cu(OAc), aq. The copper derivative 
(0-5 g.) was decomposed by means of dil. H,SO, in the presence of Et,0; the resulting diketone 
crystallised from EtOH in almost colourless needles, m. p. 104° (Found: C, 81-2; H, 5-2. 
C,¢H,,O0, requires C, 81-2; H,5-2%). Thealc. solution is coloured deep brown on the addition 
of FeCl,. 

(b) Powdered NaNH, (2 g.) was gradually added to l-hydrindone (7 g.) in dry Et,O (50 c.c.) 
and after the reaction had subsided NH, was removed below 10° in a stream of N. PhCOCI 
(3-5 g.) was added, and the mixture occasionally shaken for 24 hr. It was possible to isolate 
the copper derivative (1-5 g.) of the diketone from this reaction product, and the benzoyl- 
hydrindone crystallised from EtOH in faintly yellow needles, m. p. 104°. 


UNIVERSITY OF LONDON, UNIVERSITY COLLEGE, 
THE Dyson PERRINS LABORATORY, UNIVERSITY OF OXFORD. [Received, April 6th, 1933.]} 





152. The Preparation and Estimation of Nitriles of A*- and a*- 
Olefinic Acids. 


By R. A. Letcu and R. P. LINSTEAD. 


BruyLAnts (Bull. Soc. chim. Belg., 1932, 41, 309) has questioned the purity of some of the 
olefinic nitriles investigated by us (J., 1932, 443): the points at issue may be dealt with 
under the headings used by him. 

(1) The Belgian school have employed the bromometric method of Heim (Bull. Soc. 
chim. Belg., 1930, 39, 458) for the estimation of A@-nitriles. In our previous work, we 
applied this method satisfactorily to A*-n-butenonitrile, but found that higher homologues 
such as A-n- and -iso-hexenonitriles gave variable and incomplete addition. To account 
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for the difference Bruylants suggests that Heim’s conditions could not have been exactly 
followed by us and that, as our preparation of A’-isohexenonitrile gave a mean bromine 
addition of about 65%, it must have been contaminated with the non-additive A*-isomeride. 
In support of this, Baerts (Bull. Soc. chim. Belg., 1932, 41, 314) has obtained a bromine 
addition of 98-8% to the A-nitrile. 

We have repeated the preparation of this A8-nitrile by decarboxylating the correspond- 
ing «-cyano-acid and find that the velocity of the addition of bromine to it is dependent 
on the conditions of mixing and shaking the solutions. In the period specified by Heim 
(12 seconds) the values obtained were variable and well below 100%, but after 3 minutes’ 
shaking a reproducible maximum corresponding to 99-7% addition was obtained. The 
Aé-nitrile prepared by our method is therefore free from the A*-isomeride. 

a-Al-cycloHexenylbutyronitrile, prepared by dehydrating the corresponding amide 
(Kandiah and Linstead, J., 1929, 2139), gave an addition of 5|0—60% in 12 seconds, which 
reached a steady maximum of 99% only in 10 minutes. Heim’s method can therefore 
only be generally applied to the estimation of unsaturated nitriles when a period cf reaction 
is allowed sufficient to give a constant value for the addition to the A®-isomeride. 

(2) In the light of these and previous results, it is not possible to accept Bruylants’ 
criticism of our preparative methods and it seems clear that (i) the dehydration of pure 
unsaturated amides yields the corresponding nitriles and (ii) that, as von Auwers (Ber., 1923, 
56, 1172) and others have stated, the decarboxylation of A*-cyano-acids normally yields 
the corresponding A-nitriles. The amount of isomeric impurity formed in these reactions 
is generally so small that it is easily removed by fractionation; for example, the Aé-iso- 
hexenonitrile mentioned above gave the theoretical bromine addition after only two 
fractionations. It does not appear, however, that this is always the case for A®-nitriles 
prepared by decarboxylation; e.g., «-cyano-A*-pentenoic acid gives a mixture containing . 
a little A*-nitrile (Fonteyn; quoted by Bruylants), and «-cyano-A*-butenoic acid gives 
exclusively the A*-nitrile (Letch and Linstead). 

(3) We did not attempt in our previous paper to assess the purity of Bruylants and 
Minetti’s tvans-A*-isohexenonitrile and there is no implication that this was impure.* 

(4) Bruylants and Ernould’s preparation of A*-n-hexenonitrile (Bull. Acad. roy. Belg., 
1931, 17, 1174), which was described after the completion of our work, gave a product 
closely resembling that prepared by dehydrating A*-hexenoamide. Our preparation of 
this nitrile gave no addition of bromine under Heim’s conditions, and may therefore be 
taken as being free from the A’-isomeride. 

The results obtained in the study of the tautomeric changes of these substances which 
were described in our previous paper remain unaffected. The fact that Baerts (loc. cit.) 
was able to isolate pure A®-isohexenonitrile after a large number of distillations at atmos- 
pheric pressure confirms our view that these nitriles, unlike the parent acids, are not iso- 
merised at their boiling points. 

This paper has been communicated privately to Professor Bruylants and he is now in 
general agreement with our interpretation of the results. 


EXPERIMENTAL. 


A8-isoHexenonitrile (1) and «-A!-cyclohexenylbutyronitrile (2) were freshly prepared. The 
Ae- and A®’-n-hexenonitriles (3 and 4 respectively) were old preparations. The last of these 
appears to be slightly contaminated with the At-isomeride. After two fractionations these had 
the following properties : 


Nitrile. B. p. ne, a, [Ri}p. 
1 62°/20 mm. —1°4350 0°8510 29°20 
2 112/12 1:4750 0-9216 45°50 
3 60/17 1-4380 0°8272 30°15 
4 62/20 1-4299 0°8410 29°20 





* Attention may be drawn to some misprints in Bruylants’ last paper. On p. 310, the molecular 
refractivity of this A*-nitrile is given as 29°26, for observations by both schools, and the density, 
observed by Bruylants and Minetti, as 0°8231. Our published value for [Rz]p is, however, 30°24 (exalta- 
tion, 0°98) and the figures actually given by Bruylants and Minetti are 30°156 and 0°82131 respectively. 
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The following mean additions were obtained by Heim’s method, the bromine solution being 
added from a pipette : 


Time of reaction 12secs. 30secs. 1 min. 2 mins. 3 mins. 4 mins. 5 mins. 10 mins. 


% Addition to 1 .........+.. 93* _ 96 985 997 998 — 99°6 
_ ype ROR (50—60) — 845 917 943 _ 96-7 98-7 

Dy -ssshinnite 0 _ a 18 — — 2°5 3°8 

B Sithcecas (69—76) 899 915 946 952 950 — o—_ 


* Or 70—75% if the bromine solution was run in from a fast-running burette. 


We are indebted to the Chemical Society for a grant (to R. A. L.). 
IMPERIAL COLLEGE, Lonpon, S.W. 7. [Received, April 7th, 1933.] 








153. Yohimbine (Quebrachine). Part IV. Harman, a Degradation 
Product. 


By GEORGE BARGER and CAESAR SCHOLZ. 


ON resuming this investigation special attention has been given to the dimethy]l- or ethyl- 
indole and the bases C,,.H,)N, and C,,H,.N,, derived from yohimbine by different types 
of degradation. 

A substituted indole was obtained by Barger and Field (J., 1915, 107, 1025), who heated 
yohimbine with soda-lime at ordinary pressure and characterised the indole as the picrate. 
It was also obtained by Warnat (Ber., 1927, 60, 1118) in much better yield, on dry distillation 
of yohimbic acid or allo-yohimbic acid by itself, and by Winterstein and Walter (Helv. 
Chim. Acta, 1927, 10, 577) both on distillation of yohimbine with soda-lime or zinc dust 
and on treatment of the alkaloid with superheated steam at 300°. 

Other degradation products, doubtless closely related to this indole, were isolated by 
Warnat (Ber., 1926, 59, 2391) on oxidation of yohimbine with potassium permanganate. 
These were o-hydroxyphenylcarbimide, an indolemonocarboxylic acid (m. p. 197—200°), 
and a dicarboxylic acid (m. p. 195°). The last has been identified by Spath (Ber., 1930, 
63, 2997) as N-oxalylanthranilic acid. Further Hahn and Just (Ber., 1932, 65, 717) 
separated from the products of oxidation of diacetylyohimbine with nitric acid 6-nitro- 
indazole-3-carboxylic acid, which is no doubt also derived from the indole part of the 
yohimbine molecule. 

In the hope of identifying this dimethyl- or ethyl-indole, various isomerides were synthe- 
sised by Warnat (Ber., 1927, 60, 1121) and by Mendlik and Wibaut (Rec. trav. chim., 1931, 
50, 109), but none was identical with the degradation product. 

A consideration of other degradation products, of known constitution and mentioned 
above, leads to the conclusion that the alkyl is not attached to the benzene ring as Mendlik 
and Wibaut imagined, but to the pyrrole ring of the indole nucleus. The reaction of 
Herzig and Meyer showed us that the 1-position is unsubstituted. Although of limited 
evidential value, several colour reactions (pine-shaving, positive; -dimethylamino- 
benzaldehyde, positive, red, on addition of dilute sodium nitrite solution, blue; chloroform 
with a trace of bromine, positive, violet; etc.) make it very probable that only the 
3-position is substituted. Nevertheless, we have not yet been able to identify this particular 
indole derivative, which is very similar to skatole and 3-ethylindole, but much more labile. 

We have, however, identified another indole derivative, obtained in small quantity 
in the potash fusion of yohimbic acid at 300°. It melted at 37° after distillation in a high 
vacuum and it did not depress the m. p. of 3-ethylindole, prepared by the method of E. 
Fischer (Annalen, 1886, 236, 137) from phenylhydrazine and butaldehyde. In the same 
experiment we also isolated several acids, one of which, m. p. 198—200°, was proved 
to be identical with indole-2-carboxylic acid (prepared from 2-methylindole according to 
the method of Ciamician and Zatti, Ber., 1888, 21, 1930). We consider it almost certain 
that this is the acid (m. p. 200°) obtained by Barger and Field (J., 1915, 107, 1028) on 
potash fusion of yohimbine nitrate and by Warnat (Ber., 1926, 59, 2392) on oxidation of 
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yohimbine hydrochloride with potassium permanganate in acetone suspension (m. p. 197— 
200°).* 

The identification of these indole derivatives as degradation products of yohimbine makes 
it very likely that the bases C,,H,)N, and C,;H,,N.—obtained simultaneously with the 
so-called dimethylindole by Barger and Field, by Warnat, and by Winterstein and Walter 
(locc. cit. —contain also the indole nucleus to which a pyrrole or a pyridine ring is attached 
in the 2 : 3-positions. 


We lately followed the method of Warnat (Ber., 1927, 60, 1121) when preparing the base 
C,3H,.N., which he surmised to be a phenanthridine derivative, but our analyses fit the formula 
C,2H,)N, better thanC,,H,.N,. Themannerof purification wasslightly changed. Theresidues, 
which had not distilled up to 280° at atm. press., were extracted with boiling H,O containing a 
small amount of EtOH; most of the EtOH was allowed to evaporate and the solution was 
cooled. The cryst. ppt. was collected, dried, recrystallised from C,H., and sublimed in a high 
vac. at 140—-150°. The sublimate was crystallised from 80% MeOH and had m. p. 232° 
(softening at 227°) (Found: C, 79-5, 79-25, 79-2; H, 5-5, 5-4, 5-5; N, 15-35, 15-5. Calc. for 
CoH N.: C, 79-1; H, 5-5; N, 154%). Its cryst. form (from C,H), its striking blue-violet 
fluorescence in dil. acid solution, its m. p., its ability to form a benzylidene compound, etc., 
made it very probable that this base is identical with harman, Harman was therefore prepared 
from tryptophan by method A of Kermack, Perkin, and Robinson (J., 1921, 119, 1617). After 
purification the m. p. was 235-5° (softening at 233°); mixed m. p. 234° (softening at 230°). 

The absorption spectra, the fluorescence spectra, and the influence of pg on the intensity of 
the latter were determined on both products by Dr. J. Eisenbrand of Berlin, who reports that 
they appear identical; for these further evidences we are greatly indebted to him. 

The hydrochloride of the benzylidene compound was prepared according to Kermack, Perkin, 
and Robinson (J., 1921, 119, 1620), both of the product from yohimbine and of that from 
tryptophan, and we then prepared the free base, not previously characterised, and recrystallised 
it from ca. 75% EtOH [Found for the product, m. p. 201-5° (softening at 200°), from yohimbine : 
C, 84-1; H, 5-3. C,,H,,N,requiresC, 84-4; H,5-2%]. Thebenzylideneharman from tryptophan 
melted at 200° (softening at 198°). Mixed m. p. 201° (softening at 196°). The benzylidene 
compound exhibits strong violet fluorescence in neutral solvents and no difference in the colour 
could be observed between the specimens of either source. 


Since it has been shown that the base C,,H,)N, obtained from yohimbine is identical 
with harman, we are disinclined to accept the view of Hahn and Just (Ber., 1932, 65, 720) 
that yohimbine contains a dihydroindole nucleus unsubstituted in position 3. The drastic 
methods of degradation, which have been chiefly employed so far, are indeed not entirely 
satisfactory and it is conceivable that harman is a secondary product formed by the de- 
structive distillation of yohimbic acid, but we imagine this applies rather to the minute 
quantity of zsoquinoline obtained by Winterstein and Walter (/oc. cit.). 

Harman is a base of biological importance, since it is readily formed from tryptophan 
(first obtained by Hopkins and Cole, J. Physiol., 1903, 29, 451), is identical with the 
alkaloids aribine (Spath, Monatsh., 1919, 40, 351) and loturine (Spath, Monatsh., 1920, 
41, 401), and is present in modified form in the alkaloids harmaline, harmine (Robinson, 
J., 1922, 121, 1872), evodiamine, and rutaecarpine (Asahina, Acta phytochim. Tokyo, 1, 67). 


The above experiments were chiefly carried out with a specimen of yohimbic acid and trypto- 
phan presented to us by Messrs. Hoffman-La Roche, Basel. For this gift as well as for a grant 
from the Moray Research Fund of this University we desire to express our thanks. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. (Received, April 12th, 1933.] 


* We have to thank Dr. A. de Morsier, who generously prepared the required synthetic indole 
derivatives. 

+ Having only a small quantity of the yellow picrate, these authors omitted a nitrogen determination 
and concluded that the base was a quinoline derivative; as Winterstein and Walter point out, the C 
and H analysis fits even better the picrate of a base with two nitrogen atoms. 
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154. Some 4-Styrylcowmarins. 
By HARBHAJAN S. MAHAL and KRISHNASAMI VENKATARAMAN. 


DuRING an investigation of the action of acid anhydrides on phenolic ketones (Venkatara- 
man and others, J., 1929, 2219, e¢ seg.; Gulati and Venkataraman, J., 1931, 2376) it ap- 
peared possible to prepare dicoumarins (I) and 4-styrylcoumarins (II) by an application 
of this process. By heating 4: 6-diacetylresorcinol in acetic anhydride with sodium 
phenylacetate and with sodium #-nitrophenylacetate, the 3 : 3’-diphenyl and the 3 : 3’-di- 
p-nitrophenyl derivative of (I) were respectively obtained; in view of the work of Algar, 
O’Reilly, and Joy (Proc. Roy. Irish Acad., 1932, 418, 1) on identical lines, further experi- 
ments on dicoumarins have not been described. The action of sodium phenylacetate 
and acetic anhydride under prescribed conditions on derivatives of o-hydroxyphenyl 
styryl ketone (III) gave the corresponding derivative of 3-phenyl-4-styrylcoumarin (II) ; 


O O O 
co co COR @:: 
RQ. | p*® Yi CO-CH:CHPh 
Me Me H:CHPh 
(I.) (II.) (III.) 


similarly from 2-cinnamoyl]-1-naphthol (IV) and its derivatives the corresponding 3-pheny]l- 
4-styryl-l : 2-«-naphthapyrones (V) were obtained. The initial chalkones were prepared 
by a modification of v. Kostanecki’s method. Neither with 4 : 6-diacetylresorcinol nor 
with o-hydroxy-chalkones could the coumarins unsubstituted in the 3-position be prepared 
by this method; the action of sodium acetate and acetic anhydride on (III) under widely 
varying conditions (using, é.g., iodine as catalyst; cf. Yanagisawa and Kondo, J. Pharm. 
Soc. Japan, 1921, 472, 498) led to an uncrystallisable oil; with certain other chalkones 
the acetyl derivative was isolated. Similar negative results were obtained with sodium 


CO 

a of Ph. 
= 6S cone . | /JCHICHPh  y, 
propionate. The formation of (II) must therefore be attributed to the reactivity of the 
methylene group in sodium phenylacetate. 4-Styrylcoumarin, the parent member of the 
series, was finally prepared according to Dey and Row (J. Indian Chem. Soc., 1924, 1, 
107, 277) by condensing coumaryl-4-acetic acid (Limaye, ibid., 1927, 4, 159) with benz- 
aldehyde. Although coumaryl-4-acetic acids are extremely reactive towards aldehydes, 
under no conditions would 4-methylcoumarin and 3-phenyl-4-methylcoumarin (the latter 
prepared by heating o-hydroxyacetophenone with sodium phenylacetate and acetic 
anhydride) interact with an aldehyde. 

The styrylcoumarins form dibromides with bromine in carbon disulphide; they do not 
form hydrochlorides, whereas the isomeric 2-styrylchromones readily yield deeply coloured 
crystalline hydrochlorides (Heilbron, Barnes, and Morton, J., 1923, 123, 2565; Cheema, 
Gulati, and Venkataraman, J., 1932, 925). 


EXPERIMENTAL. 


4 : 6-Diacetylresorcinol._—The only method by which consistent yields of the pure substance 
could be prepared is that described by Gulati and one of us (loc. cit.). Treatment of resorcinol 
diacetate (10 g.) with AICI, (20 g.) and nitrobenzene (15 c.c.) on the water-bath (Wittig, Annalen, 
1926, 446, 184) led only to resacetophenone (5 g.), needles (from C,H), m. p. 142°. 

3: 3’-Diphenyl-4 : 4’-dimethyldicoumarin (I; R = Ph).—A mixture of 4 : 6-diacetylresorcinol 
(3-0 g.), sodium phenylacetate (5-0 g.), and Ac,O (40 g.) was refluxed for 30 hr. The oil pptd. 
by H,0O solidified and after two crystns. from pyridine and one from AcOH gave pale yellow 
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needles, m. p. 276° (Algar e¢ al. give 276—277°) (Found: C, 79-1; H, 4-6. Calc. for C,,H,,0, : 
C, 79-2; H, 46%). The pale yellow solution in H,SO, has a distinct green fluorescence. 

3 : 3’-Di-p-nitrophenyl-4 : 4’-dimethyldicoumarin ([; R = C,H,-NO,), twice cryst. from 
pyridine, gave yellow plates, decomp. ca. 325° after sintering at 310° (Algar e¢ al., above 330°) 
(Found: N, 5-7. Calc. for C,,H,,O,N,: N, 58%). The bright yellow solution in H,SO, 
exhibits a faint green fluorescence. 

4-Styrylcoumarin.—A mixture of coumaryl-4-acetic acid (1-0 g.), benzaldehyde (0-5 g.), 
pyridine (5 g.), and piperidine (5 drops) was heated on a water-bath for 2 hr. and then at 150° 
for 2 hr. Cold H,O (10 c.c.) was added to the deep orange mixture; the separated semi-solid 
mass solidified 12 hr. after the addition of a few drops of conc. HCl and then crystallised from 
EtOH in long colourless needles (0-3 g.), m. p. 143° (Found: C, 82-0; H, 4:9. C,,H,,O, re- 
quires C, 82-2; H, 4-8%), insol. in Na,CO, aq. and giving a bright yellow non-fluorescent solution 
in H,SOQ,. 

Chalkones.—(1) A solution of the ketone and the aldehyde (1 mol. of each) in the min. 
quantity of hot aldehyde-free EtOH was, after addition of a 50°f solution of NaOH (twice 
the wt. of the ketone), boiled on the water-bath for 1 hr. and poured into H,O; the product 
was washed and crystallised from aq. ACOH. The following chalkones were thus prepared : 
2-hydroxyphenyl 3: 4-methylenedioxystyryl ketone (VI), 2-hydroxy-3 : 4-dimethoxyphenyl 
4-methoxystyryl ketone (VII), 2-hydroxy-3 : 4-dimethoxyphenyl 3 : 4-methylenedioxystyryl 
ketone (VIII), 2-cinnamoyl-l-naphthol (IX), 2-p-methoxycinnamoyl-l-naphthol (X), and 
2-(3’ : 4’-methylenedioxy)cinnamoyl-1l-naphthol (XI). 

(2) As (1) but at room temp. after 12 hr., ice and HCl aq. were added to the solid mass and 
the product was crystallised from aq. EtOH. 2-Hydroxyphenyl styryl ketone (XII) and 2- 
hydroxyphenyl 4-methoxystyryl ketone (XIII) were thus prepared. 

3-Phenyl-4-styrylcoumarins.—These were prepared by heating the appropriate chalkone 
(1 mol.), sodium phenylacetate (1 mol.), and a large excess of Ac,O during 24—48 hr. and pour- 
ing the mixture into H,O. The yields were usually about 25%. The substances are coloured 
orange to red by H,SO, and the yellow solutions exhibit a distinct blue, green, or bluish-green 
fluorescence. 

3-Phenyl-4-styrylcoumarin (from XII), colourless rhombic prisms from AcOH, m. p. 174° 
(Found: C, 85-1; H, 4-8. C,,;H,,O0, requires C, 85-2; H, 4:9%); the dibromide, prepared 
from Br (0-1 g. in CS,, 2 c.c.) and the substance (0-2 g. in CS,, 20 c.c.), was freed from the solvent 
after 24 hr. and crystallised from EtOH-—C,H,, forming colourless rhombohedral prisms, m. p. 
198° (Found: Br, 33-0. C,,;H,,0,Br, requires Br, 33-:1%). 3-Phenyl-4-(4’-methoxystyryl)- 
coumarin (from XIII), yellow needles, m. p. 170°, from AcOH (Found: C, 81-6; H, 5-0. 
Cy4H,,O 3 requires C, 81-4; H, 50%). 3-Phenyl-4-(3’ : 4’-methylenedioxystyryl)coumarin (from 
V1) solidified after long standing in contact with EtOH—AcOH and after two crystns. from 90% 
AcOH formed yellow needles, m. p. 172° (Found : C, 78-3; H, 4:3. C,.,H,,O, requires C, 78-3; 
H, 43%). 7: 8-Dimethoxy-3-phenyl-4-(4’-methoxystyryl)coumarin (from VII), yellow needles 
from AcOH, m. p. 195° (Found: C, 75-3; H, 5-0. C,,H,.O,; requires C, 75-4; H, 53%). 
7 : 8-Dimethoxy-3-phenyl-4-(3’ : 4’-methylenedioxystyryl)coumarin (from VIII) formed pale 
brown needles, m. p. 203°, after two crystns. from AcOH (Found: C, 72-8; H, 4:6. CygHo OO, 
requires C, 72-9; H, 4:7%). 3-Phenyl-4-styryl-1 : 2-a-naphthapyrone (from IX), pale yellow 
needles from MeOH, m. p. 210° (Found: C, 86-6; H, 4-6. C,,H,,O, requires C, 86-5; H, 
4:8%). 3-Phenyl-4-(4’-methoxystyryl)-1 : 2-a-naphthapyrone (from X), long yellow needles 
from EtOH—AcOH, m. p. 196° (Found : C, 83-3; H, 4-9. C,,H..O, requires C, 83-2; H, 4-9%). 
3-Phenyl-4-(3’ : 4’-methylenedioxystyryl)-1 : 2-a-naphthapyrone (from XI), yellow needles from 
EtOH-—AcOH, m. p. 215° (Found: C, 80-2; H, 4-4. C,,H,,0, requires C, 80-3; H, 4:3%). 

3-Phenyl-4-methylcoumarin.—o-Hydroxyacetophenone (2-0 g.), sodium phenylacetate (2-3 
g.), and Ac,O (25 c.c.) were refluxed for 30 hr. The substance pptd. by H,O crystallised from 
EtOH in very pale brown, long, silky needles (1-5 g.), m. p. 153° (Found: C, 81-3; H, 5-2. 
C,,H,,0, requires C, 81-4; H, 5-1%). 


We thank Mr. D. B. Limaye for a gift of pure coumaryl-4-acetic acid and the Trustees of 
the Panjab Research Fund for a scholarship awarded to one of us. 
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155. The Action of Phosphoryl Chloride on the Toluene-p-sulphonyl 
Derivative of B-Anilinopropionic Acid. 
By O. G. BACKEBERG. 


TuIs reaction was studied by Clemo and Perkin (J., 1924, 125, 1608; 1925, 127, 2297) 
in their synthesis of 4-keto-1 : 2 : 3 : 4-tetrahydroquinoline and, according to them, the 
product is 3-chloro-4-keto-1-toluene-f-sulphonyl-1 : 2 : 3 : 4-tetrahydroquinoline (I). The 
formation of this compound, as pointed out by the authors, apparently involves direct 
chlorination by phosphoryl chloride, and, furthermore, the compound is converted into 
4-keto-1 : 2:3: 4-tetrahydroquinoline by boiling concentrated hydrochloric acid and 
into 4-methoxyquinoline by refluxing with methyl-alcoholic potash. 

These facts appeared so remarkable to the author that the structure of the compound 
was reinvestigated. Examination of the analytical data given by Clemo and Perkin 
shows that their calculated values are erroneous and that the values they actually found 
agree closely with the alternative structure proposed for this compound, namely, 4-chloro- 
1-toluene-p-sulphonyl-1 : 2-dihydroquinoline (II), the formation of which is readily ex- 
plicable, as are now also the two conversions mentioned above : 


OH ‘ 
CO;H C 


N¢H, 100 Nat af YS Nou vs 
as = #0) \ Ans \ Ae : 
NX NX 


(X = C,H,Me:SO,). 


The analytical data for (I) and (II) are as follows, Clemo and Perkin’s erroneously 
calculated values for (I) being added in italics : 


C. H. O. N. Cl. S. 
Cake. Baw OB) ccccccnscccscccccessevescesces 57°23% 417% 14°31% 417% 10°58% 9°54% 
RG WE BERD. dvcdocssessiesksocnsrcensss 60°09 4°38 10°02 4°38 11-11 10°02 
Found (Clemo and Perkin) ......... 59°7 4:36 (10°04) 4:8 10°9 10-2 
Fh ncccanssscsensscscsncas 60°21 4°51 ~= — — — 
60°0 45 — 45 10°6 95 


The corresponding chloro-compounds, described by Clemo and Perkin in the second 
publication (loc. cit.), prepared from m- and #-toluidine, f-anisidine and #- phenetidine 
should similarly be formulated as the 1-toluene-f-sulphonyl derivatives of 5-methyl-, 
7-methyl-, 6-methyl-, 6-methoxy-, and 6-ethoxy-4-chloro-1 : 2-dihydroquinoline respec- 
tively. The authors gave a complete analysis for the compound from #-anisidine (Joc. 
cit., p. 2306), found that the data did not correspond to those required for 3-chloro-4-keto- 
6-methoxy-1-toluene-p-sulphonyltetrahydroquinoline, and suggested that the compound 
might be 3-chloro-6-methoxy-1-toluene-p-sulphonyldihydroquinoline. 

The experimental results obtained by Clemo and Perkin in the preparation of (II) and 
4-keto-1 : 2: 3: 4-tetrahydroquinoline have been confirmed, but it has also been found 
that in the preparation of the former a small quantity of 4-chloroquinoline is produced. 
A similar case of oxidation occurs when 4-keto-1 : 2 : 3 : 4-tetrahydroquinoline is refluxed 
with phosphoryl chloride, 4-chloroquinoline being obtained, and identified by conversion 
into 4-anilinoquinoline. 

4-Methoxyquinoline was prepared from 4-chloroquinoline by the methods of Meyer 
(Monatsh., 1906, 27, 257) and of Clemo and Perkin. In both cases the product had m. p. 
41°, the result obtained by Clemo and Perkin thus being confirmed. 


EXPERIMENTAL. 


Following the method of Clemo and Perkin for the prepn. of (II), the aq. filtrate, after 
removal of (II), was rendered alkaline and steam-distilled ; a small quantity of 4-chloroquinoline, 
m. p. 34°, was obtained, which was further identified by conversion into 4-anilinoquinoline, 
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m. p. 201° (Ephraim, Ber., 1893, 26, 2229, gives 198°). 4-Chloroquinoline picrate and 4-anilino- 
quinoline picrate form small yellow needles, m. p. 217° (decomp.) and 195° respectively, from 
EtOH. 

4-Chloroquinoline, prepared quantitatively by refluxing 4-hydroxyquinoline (Camps, Ber., 
1901, 34, 2708) with POCI, for 30 min., removing the excess of POCI, on the water-bath under 
diminished press., adding H,O, making the solution alkaline, and steam-distilling it, was con- 
verted into 4-anilinoquinoline by refluxing with PhNH, (1} mols.) for 2 hr.in ACOH. The base 
and its picrate were identical, respectively, with the compounds described above. 

Treatment of 4-chloroquinoline with Na (1 atom), dissolved in MeOH, in a sealed tube at 
140° for 3 hr. gave a quant. yield of 4-methoxyquinoline, b. p. 171°/22 mm., m. p. 41°, identical 
with the product obtained by the method of Clemo and Perkin (Joc. cit.). 4-Methoxyquinoline 
picrate formed small, yellow, silky needles, m. p. 203°, from EtOH, and the mercurichloride 
had m. p. 199° (decomp.), in agreement with Clemo and Perkin. 


The author thanks Prof. H. Stephen for his interest in the work. 
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156. The Compressibilities of Certain Gases at Low Pressures and 
Various Temperatures. 


By WALTER CAwoop and HuBERT S. PATTERSON. 


IN a previous communication (Cawood and Patterson, J., 1932, 2180) we described measure- 
ments of the compressibility of methyl fluoride between pressures of 1 and 3 metres, and ° 
showed that the relationship between pv and # was certainly linear over the range of pres- 
sure investigated; the pv- straight line could therefore be extrapolated to zero pressure 
with confidence, and so the compressibility between 0 and 1 atmosphere, which in these 
circumstances equals the limiting value, could be deduced. 

The method has now been applied to other compressible gases at a series of temperatures, 
including 0°. We have thus been able to find the experimental relationship between the 
limiting value of the compressibility and the temperature. This relationship is of im- 
portance, since various determinations of compressibility in the neighbourhood of 1 atmo- 
sphere have been made at temperatures other than 0°, and to enable these data to be applied 
to calculate the molecular weights of gases from the normal densities, the compressibility 
at 0° must be found. Hitherto various theoretical equations have been proposed for 
making this correction, but the compressibilities thus deduced differ from each other and 
are open to question. 

We have also in certain cases obtained data for the limiting value of the compressibility 
at the critical temperature, in order to test the relationship to which we have previously 
referred (loc. cit.) as holding good between the critical constants and this quantity. 


General Considerations. 


The gases which we have now investigated are ethylene, carbon dioxide, nitrous oxide, 
sulphur dioxide, and dimethyl ether. When the experimental values of pv were plotted 
against the corresponding pressures (from 1 to 3 m. of mercury), in all cases except for 
dimethyl ether, the relationship was strictly linear within the limit of error of our experi- 
ments, and may be represented by : 


pv = povo(1 — AD) ae ee ee ae 


where pv corresponds to the pressure #, and fgvy to zero pressure, A being a constant ; 
since pu and Ppvy depend on the amount of gas, it is more convenient to divide each side 
by Pov, giving an equation of the type 


pu =1—Ap (2) 
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These equations are identical in form with those proposed by D. Berthelot (Compt. rend., 
1898, 126, 954) to express the compressibilities of gases at low pressures and so to obtain 
the limiting densities. We have therefore calculated the slope of our lines by the method 
of least mean squares, and we obtain from (2) the compressibility coefficient A = — d(pv) /dp. 
Since the lines are straight between pressures of 1 and 3 metres, there is no reason to doubt 
that they will continue straight down to zero pressure, and that therefore the compres- 
sibility coefficient which we measure is also the limiting value. 

A similar notation has been used by Rayleigh, but he has used pv = fovp(1 + af), 
so that A = — a. 

The compressibilities measured at high pressures are sometimes expressed by the 
equation pu = a + bp + ch? + .. ., where the terms #? . . . take account of the curv- 
ature of the isothermals. For the range of pressure which we have investigated, the 
curvature is in general quite beyond the limit of error of our measurements, and ante 
since 4 = Ppvy when p = 0, this equation becomes pv = fotg + bf, whence A = 

In order to convert normal densities into their limiting value, they are multiplied by 
P121/Pov% = 1 — A, pv, being the value of fv at atmospheric pressure. Now, certain 
older density determinations have indicated that the pv—p isothermals between pressures 
of 0 and 1 atmosphere may be markedly curved. We consider these observations to be 
erroneous, but it is clear that in such a case the above equation of Berthelot would not be 
valid ; Pov) in such circumstances must be obtained by some kind of curved extrapolation, 
and consequently no physical meaning can be attached to A. For such cases Guye (J. 
Chim. physique, 1908, 6, 769) suggested a new factor pvp /P,v, = 1 + 4, which when divided 
into the normal density gives the limiting density. This notation has been largely adopted 
and, if the isothermals are straight, it is related to A by the equation 1 + 4 = 1/(1 — A). 
It must, however, be stressed that this quantity 1 + dis merely a ratio, and that alone 
has no simple physical significance like A. Thus it is incorrect to write pu(1 + AP) = por 
and to use an equation of this form to calculate 4 from pv measurements made at pressures 
other than 1 atmosphere, as has sometimes been done. Actually this equation gives 
pv-p isothermals convex towards the p-axis, which is extremely unlikely both from the 
form of the high-pressure isothermals and from those calculated from the various equations 
of state. Equations such as those of van der Waals and of Beattie and Bridgman (J. 
Amer. Chem. Soc., 1928, 50, 3151) predict a very slight curvature concave towards the 
p-axis at low pressures. The amount of curvature calculated lies in most cases within 
the limit of error of our experiments, but in the case of dimethyl ether, where we have 
obtained evidence of curvature, the sign is the same as that calculated. 

Although A and 2 are, in general, small quantities, considerable error may be introduced 
if they are confused, as appears quite frequently to have been the case in the literature. 
How large this error may be, will be seen in the tables given, e¢.g., for dimethyl ether and 
sulphur dioxide. 

EXPERIMENTAL. 


C,H, was made from H,PO, and pure EtOH, purified by passage through liquid and over 
solid KOH, and dried over P,O;. It was then solidified, pumped free from air, refractionated 
a number of times, and finally bubbled through its own liquid. 

CO, was prepared by heating pure NaHCO, in vac. It was solidified, pumped free from 
air, and sublimed three times. 

N,O, obtained from a cylinder, was passed through three bubblers containing conc. H,SO,, 
then through liquid and solid KOH and finally over P,O;. The further purification was the 
same as for C,H,; at no stage did the solid or liquid N,O show any trace of blue colour. 

SO,, made by the action of conc. H,SO, in vac. on Hg, was bubbled through conc. H,SO, 
and dried over P,O,;. It was further purified as for C,H. 

Me,O was prepared from pure MeI and NaOMe. It was passed through a vessel surrounded 
by ice, then through liquid and solid KOH, and dried over freshly prepared CaO. The further: 
purification was similar to that of C,H,. We have found that when Me,O is dried over P,O; 
some volatile material, possibly a methyl phosphate, is formed; hence a system containing 
P,O, cannot be completely evacuated even after a long period if it has contained Me,O. We 
accordingly avoided any contact with P,O, in our expts. with this ether. 





—— fF = ei OF 
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The expts. were carried out in a modified Amagat apparatus with tubes of 4-5 mm. bore. 
The measurements, unless otherwise noted, were made over pressures of ca. 1—3 m. of Hg. 
The details of the method have been previously described (loc. cit.). 


Results. 


In the following tables are given the values which we have measured for A and 1 + A for 
different gases at various temps. At any one temp. each value of 4A and 1 + A refers to a 
different filling with the gas. 





Ethylene. Sulphur Dioxide. 
0°. 21°. 30°. 50°. 
Ta, ATT, - a Tn, 
A. 1+A. A. 1+A. A. 1+4. A. 1 +A. 
0-0072(2) 1-0072(7) 0-0061(1) 1-0061(5) 0-0164(2) 1-0167(0) 0°0132(8) 1-0134(6) 
0-0073(1) 1-0073(6) 0-0061(2) 1-0061(5) 0°0166(4) 1-0169(2) 0-0131(6) 1-0133(3) 


Mean 0-0072(7) 1-0073(2) 0-0061(2) 1-0061(5) Mean 0-0165(3) 1-0168(1) 0-0132(2) 1-0134(0) 


Carbon Dioxide. 


0°. 31°. 31°. 
a, 4 natin, IT, 
A, 1+4A. A. 1+.2. A, 1+A. 
0-0067(2) _1-0067(7) 0-0052(1) —-1-0052(4) 0:0048(5) ——- 1-0048(8) 
0:0065(3)  1:0065(8) 0:0053(0) —-1-0053(3) 0:0048(3) —-:1:0048(5) 
Mean 0°0066(3) —-:1-0066(8) 0-:0052(6) ——-1-0052(9) 0-0048(4) 1:0048(7) 
Nitrous Oxide. 

0°. 21°. 36°5°. 
0:0069(7) _1-0070(2) 0:0056(4) ——_-1-0056(7) 0:0051(7) —:1:0051(9) 
0:0072(4) —-1:0072(9) 0:0056(9)  1:0057(2) 0:0049(0) —-1-0049(2) 
0-0070(5) 1:0071(0) — sone 0:0048(9) 1-0049(1) 


Mean 0:0070(9) ——-1-0071(4) 0-0056(7) _-1-0057(0) 0-0049(9) -1-0050(1) 


Dimethyl Ether. 


e. 21°. 40°. 
0-0276(0) —_-:1-0283(8) 0-0207(7) —:1:0212(1) 0-0164(4) —-1-0167(1) 
0-0270(9) —:1-0278(4) 0-0205(5) —1-0209(8) 0-0163(3) —-1-0166(1) 

on ores 0-0207(9) —-:1-0212(3) —e — 
Mean 0:0273(6) —_-1-0281(1) 0-0207(0) —-1-0211(4) 0:0163(9) —-1:0166(6) 
Methyl Fluoride. 

0°. 3°. 44°5°, 
0-0115(4) —-:1-0116(7) 0-:0089(3)  1-0090(1) 0-0070(1)  1-0070(6) 
0-0113(1)  1-0114(4) 0-0086(8)  1-0087(5) 0-0070(0)  1:0070(5) 
Mean 0-0114(3) —-1-0115(6) 0-0088(2) —_:1-0088(8) 0-0070(1)  1-0070(6) 


For the sake of completeness we have included values for MeF taken from our previous 
work (/oc. cit.) but altered slightly owing to the adoption of more satisfactory values for the 
meniscus volumes and capillary depressions. (These alterations make no difference whatever 
to the conclusions reached in the previous paper.) 

In order to indicate the degree of accuracy of our expts., and also to show that within the 
limit of our exptl. error no curvature is detectable in the pu—p graphs, a few typical results are 
given. We have selected mainly those at 0°, since any curvature would obviously be greater 
the lower the temp. The calculated values are those obtained from the least mean square 
straight lines through the exptl. points. 

If the observed results for Me,O are plotted on a large scale, the first three points in each 
case appear to lie in a straight line, but the last curves away markedly. This is hardly sur- 
prising when it is considered that this gas liquefies at 0° under ca.2m. Accordingly, in calculat- 
ing the value of A at 0° for this substance, we have only used the first three points, and since 
the press. range is only about 0-7 m., the results are not comparable in accuracy with those 
obtained from any of the other isothermals. If in any cases an unsuspected curvature is present, 
it would tend to make our results for the compressibilities too high. 

TT 
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Press., Diff. Press., ‘ 
Gas. Temp. mm.Hg. pvots. PU caic. X10. Gas. Temp. mm.Hg. Por. PUcate.. X 105. 
co, 0° 0°9578 0°99165 0°99176 —1I1 co, 0° 0°9578 0°99164 0°99153. +11 


1:9794 0°98319 0°98298 +21 19790 0°98238 0°98250 —12 
2°5804 0°97784 0°97782 + 2 2°5794 0°97682 0°97719 —37 
2°8717 0°97515 0°97531 —16 2°8696 0°97503 0°97463 +40 
N,O 0 1:0169 0°99063 0°99056 + 7 so, 30 1:0569 0°97728 0°97716 +12 
1:6057 0°98497 0°98510 —13 1°5220 0°96701 0°96711 —10 
2°1089 0°98036 0°98043 — 7 1:9890 0°95692 0°95702 —10 
2°7505 0°97497 0°97448 +49 2°5865 0°94414 0°94411 + 3 
3°0582 0°97130 0°97163 —33 2°8755 0°93793 0°93786 + 7 


(CH,),0 0 0°9386 0-96591 0°96590 + 1 (CH,),0 0 0°9426 096639 0:96640 — 1 
1°4886 0°94590 0°94592 — 2 1:4921 0-94700 0-94681 +19 
1:6369 0°94056 0°94053 + 3 1:6401 0°94137 094153 —16 
1:8135 093247 — es 18164 0°93297 — 

C,H, 0 10119 099063 0°99039 +24 (CH,),O 21 1:0488 0-97138 0:97164 —26 


16014 0°98438 0°98479 —41 15154 0°95935 0°95903 +32 
2°1053 0°98011 0°98001 +10 1:9830 0°94645 0°94638 + 5 
27468 0°97392 0°97392 + 7 2°5809 0°93016 0°93022 — 6 


2°8706 0°92233 0°92236 — 3 


Some Theoretical Relationships. 


The value of A = — d(pv)/dp which we measure is equal to the limiting value when 
the pressure is indefinitely small (p. 620). If now we calculate the limiting value of d(pv) /dp 
from the equations of van der Waals and Dieterici, we find that d(pv)/dp = b — a/RT, 
where 0 is the term involving the covolume and a that involving the attraction of the 
molecules. Accordingly, A = a/RT — b. If a and b are constant there should there- 
fore be a linear relationship between A and 1/7. Actually in all cases a slight curvature 
is obtained due to the variation in the values of a and b with temperature. This curvature 
is always of the same sign and is in accordance with the observations of van der Waals. 

If, however, we empirically plot log A against log T we obtain a much better approxim- 
ation to a straight line. This is really equivalent to assuming that A = C7", where C 
and m are constants. The value of m depends on the gas and the temperature range, 
varying between about — 2 and — 4, and being numerically smaller the less condensable 
the gas and the higher the temperature. The curvature of these log A-log T lines is so 
small that interpolation or extrapolation over a short range can be undertaken with con- 
fidence. Accordingly, we have used our results to obtain the compressibility of ethylene 
at the critical temperature, 9-5°, and have thus found A = 0-00671. Similarly, for sulphur 
dioxide at 0°, we have deduced the value A = 0-0243 and 1 + 2 = 1-0249. This value is not 
so reliable as the value for ethylene, since the extrapolation from 30° to 0° is rather long. 

We have also used our curves to correct to 0° the values of the compressibility of certain 
gases measured by Leduc (Compt. rend., 1898, 125, 297; Berthelot, J. Physique, 1899, 8, 
269) and Rayleigh (Phil. Trans., 1905, 204, 351) at various temperatures. The corrections 
in these cases should be highly accurate. The results are given in the following table. 


Temp. of obsvtn., Exptl. value of Value of A Value of 
Observer. Gas. t. A at #. corr. to 0°. 1 + Aat 0°. 
ZABRS ccccccscccceess co, 16° 0°00526 0°00628 1-00632 
ee Reb eeeeeeescess N,O 16 0°00590 0-00700 1-00705 
$0 Seecencesscsors SO, 16 0°01915 0°0238 1:0244 
Rayleigh .......0000. CO, 15 0°00558 0°00659 100663 
~~ | hee N,O ll 0:00654 0°00736 100741 


The extrapolated value for sulphur dioxide is again not so reliable as the others. 

At the critical temperature, the compressibility coefficient is theoretically given by 
A, = a/RT. — 6. By substituting the values of ) and a deduced by van der Waals and 
Dieterici respectively, we obtain the following expressions : 

(1) According to van der Waals. 


. RT. 8 19RT. 19 
Since pide = 3 Ac = 64 pe = 94” =0 7T91vc. 
Also, since R . Ade ... 19, __ 0-00109. 


~ 273’ TT. 64 64 x 273 
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(2) According to Dieterict. 





RT. 1 3 RT 3 
i = —¢2 = 39 Se = Dve; 
Since _* rae Ae A” pe 5” 1-5u 
Ache 3R 0-406 
also ag =t a == 973 = 0-00149. 


From both of the above equations it will be seen that the limiting value of the com- 
pressibility at the critical temperature is directly proportional to the critical volume, 7.e., 
it depends only on the volume occupied by the molecules. It also follows that A-p-/T- 
should be a constant, although the numerical value differs for the two equations. In 
each case, however, the constant contains implicitly the ratio RT</pcve, which theoretically 
should be the same for all substances but actually varies considerably. The following 
table tests the constancy of the ratio A--/T-; * it is evidently not constant, but varies 


Gas. Crit. press., p,, atmos. Crit. temp., T,°, Abs. he, 10°),A,/T-. 
50°7 282°5° 0°00671 1-20 
72°7 304°0 0:00484 1:16 
T1°7 309°5 0:00499 1:16 
58:0 317°5 000701 1:28 





between the values deduced from Dieterici’s equation and that of van der Waals, being 
on the whole much nearer the latter. This might be anticipated since theoretically A, is 
proportional to u%, and a better approximation to uv, is obtained from van der Waals’s 
equation than from Dieterici’s. 


The Compressibilities at 0°. 


For the purpose of comparing our data for compressibilities at 0° with those of other 
observers, we will make use both of measurements made at 0° and also of the values we* 
have deduced from the data of Leduc and Rayleigh. 

Ethylene.—Measurements at 0° have been made by Batuecas (J. Chim. physique, 1925, 
22, 101), who obtained the value 1-0078, and by Stock and Ritter (Z. physikal. Chem., 
1926, 124, 204), who give 10079. Our own experimental value is 10073. The measure- 
ments of Batuecas were made with a manometer of 14-mm. bore and were not corrected 
for capillary depressions, which are appreciable. The same criticism applies also to his 
measurements for carbon dioxide, nitrous oxide, and dimethyl ether. Stock and Ritter’s 
value appears to be vitiated by a miscalculation, since the densities they give, viz., 1-26047 
at 750-87 mm. and 1-25658 at 376-22 mm., lead to 1 + A = 1-0063, instead of their 1-0079. 

Carbon Dioxide.—In addition to the data of Leduc and Rayleigh, measurements have 
also been made by Chappuis, Keesom (Academisch Proefschrift, 1904, p. 42), and Guye 
and Batuecas (J. Chim. physique, 1923, 20, 308). Keesom measured the compressibility 
at 20°, his mean value being A = 0-005675. On extrapolation by our experimental curves, 
the corresponding value at 0° is A = 0-00700. The following table shows the various 
values of A and 1 + 2. 


Observer. Ms 1+A. Observer. A, 1+A. 
RM: cncnincnssevescancines 0-00628 1-00632 MI, ssicsssenvevcrcasncwes 0:00659 1-:00663 
Chappuis .........sseeeeee 0°00676 1-00681 Guye and Batuecas ......... — 1-00706 
BN. kcevescencranacess 0:00700 1:00705 Cawood and Patterson ... 0°00663 1-00668 


The mean value of 1 + 4 is 100676. From high-pressure data, Beattie and Bridgman 
(loc. cit.) have deduced 1 + 4 = 1-00682. The evidence therefore appears to indicate 
clearly that for this gas 1 + 4 = 1-0067 or 1-0068, rather than the higher value 1-0071. 

Nitrous Oxide—The data available are given in the following table. Batuecas’s 


Observer. A. 1+.. Observer. a. 1+A. 
re eee 0°00700 1:00705 BE si cntksiniwinsicisnse — 1:0074 
Rayleigh .........s..eeeeee 0°00736 100741 Batwecas ® ...cccccccsccccccccee — 1-0085 
Cawood and Patterson 0:00709 100714 

1 Loe. cit. 2 J. Chim. physique, 1931, 28, 572. 





* We have chosen to investigate this relationship rather than that between A, and v, owing to the 
uncertainty in the values of the critical volume. 
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second measurement may be neglected as it appears to be highly improbable when compared 
with the other data. The mean of the other measurements is 1 + A = 1-00725 compared 
with our value 1-00714. 

Sulphur Dioxide.—Available measurements are : 


Observer. A. 1+2. Observer. A. 1+A. 
BAGRG ceccccscccccccosssess 0°0238 10244 Jacquerod and Scheuer?... 0°0238 10244 
NF. ecvssceunicaernn 0:0238 1:0244 Cawood and Patterson ... 0°0243 1:0249 

1 J. Chim. physique, 1908, 6, 1. 2 Compt. vend., 1905, 140, 1384. 


Owing to some uncertainty in the extrapolation, our own data and those of Leduc may be 
slightly in error. 
Dimethyl Ether —Measurements by Baume and by Batuecas (locc. cit.) are given : 


Observer. A, 1 +A. Observer. A. 1+A. 
5 a 0°02656 102728 Cawood and Patterson ... 0°0274 1-0281 
IOs cctianenssesaecen — 1°02540 


Batuecas’s gas was dried over phosphorus pentoxide and may therefore have been con- 
taminated (see p. 620). His isothermal also is highly curved. Our own data are less 
reliable for this gas than for the other gases, as the pressure range was only about 70 cm. 
The most probable value of the compressibility appears to be approximately 0-027. 

It is of interest to apply our measured compressibilities to obtain molecular weights from 
the existing normal densities of the various gases. For this purpose we have taken mean 
values of the various normal densities of different observers as shown in the following table : 


Gas. Mean normal density. Observers. 
Ethylene ..........seesee0 1-2606 Leduc; Stahrfoss; Batuecas; Stock and Ritter. 
Carbon dioxide ......... 1:9767 Leduc; Rayleigh; Guye; Guye and Pintza. 
Nitrous oxide ............ 19777 Leduc; Rayleigh; Guye and Pintza. 
Sulphur dioxide ......... 2°9265 Jacquerod and Scheuer; Baume; Cooper and Maas. 
Dimethyl ether ......... 2°1100 Baume; Maas and Russell. 


For oxygen we have taken only the value of Baxter and Starkeweather, viz., 1-42896, 
and have assumed 1 + 4 = 100094. From these data the molecular weights have been 
calculated by means of the formula M, = 32 D,(1 + 2,)/D,(1 + 2,), where D, and D, 
are the normal densities, D, and 1 +- d, refer to oxygen, and D,, 1 + A, and M, to the other 
gas. The data and resulting molecular weights are shown below. 


Normal Normal 
Gas, density. 1+ A. M. Gas. density. 1 +A. M. 
Ethylene ............ 1-2606 1:0073(2) 28°051 Sulphur dioxide... 2°9265 1-0249 64°004 
Carbon dioxide ... 1°9767 1°0066(8) 44-014 Dimethyl ether... 2°1100 10281 46-003 
Nitrous oxide ...... 19777 1:0071(4) 44-016 


From ethylene we obtain for the atomic weight of carbon C = 12-010, whilst carbon 
dioxide gives C = 12-014. Both these values are higher than the accepted value C = 12-00, 
and appear to confirm our previous opinion (Nature, 1931, 128, 375) that the atomic weight 
of carbon is 12-01 rather than 12-00. Our mean value, 12-012, agrees with that found spectro- 
scopically by Jenkins and Ornstein (Proc. K. Akad. Wetensch. Amsterdam, 1932, 33, 1212), 
viz., 12-011. Nitrous oxide gives N = 14-008, the accepted value. Sulphur dioxide leads 
to S = 32-00, and dimethyl ether to C = 11-98, both of which are obviously erroneous, 
being far too low. In the case of sulphur dioxide, the agreement of the values of different 
observers for the normal density appears to indicate that the compressibilities measured 
both by ourselves and by others are too high, which would be the case if adsorption errors 
were present or the isothermals were slightly curved. As dimethyl ether is also a highly 
compressible gas, the same errors may also vitiate the results. 

We propose to investigate these two highly compressible gases in an apparatus of greater 
accuracy made of quartz, so that errors due to adsorption will be reduced or eliminated. 


We thank Imperial Chemical Industries and the Department of Scientific and Industrial 
Research for grants. We also express our great indebtedness to Professor Whytlaw-Gray for 
placing every facility at our disposal and for his continued interest in and criticism of this work. 


LreEps UNIVERSITY. [Received, March 27th, 1933.] 
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157. Benzoylphenacylcarbinol. 
By Harotp W. DuDLEy and SEVERO OcHoA. 


REQUIRING recently some phenylglyoxal for enzyme experiments, we prepared the com- 
pound by the excellent method of Riley e al. (J., 1932, 1875). After removal of the 
glyoxal from the reaction mixture by thorough extraction with hot water, the residual 
acetophenone, on keeping, deposited a substantial amount of crystalline material. 
This proved to be a hitherto undescribed 1:4-diketone, benzoylphenacylcarbinol, 
C,H,*CO-CH(OH)-CH,°CO-C,H;, which, as we showed by synthesis, is formed by the 
combination of 1 mol. of phenylglyoxal with 1 mol. of acetophenone. 

We established the presence of the hydroxyl group by preparing the acetate, and of the 
two carbonyl groups by the action of hydroxylamine on the carbinol. To our surprise, 
however, the dioxime which we isolated was not that of the original substance but of 
diphenacyl, C,H,*CO-CH,°CH,°CO-C,H;; and we obtained confirmatory evidence of this 
somewhat remarkable reduction of the secondary alcoholic group to the methylene group 
by means of hydroxylamine when in another experiment with hydroxylamine we obtained 
a small amount of diphenacy] itself. 

Numerous attempts to oxidise benzoylphenacylcarbinol to the corresponding known 
tetraketone were unsuccessful. Nitric acid converted it into benzoic acid ; chromic acid or 
permanganate under various conditions produced amorphous coloured products. Benzoyl- 
phenacylcarbinol reacts with ammonia in acetic acid solution, yielding at least two crystal- 
line substances. 

It gives a characteristic colour reaction when dissolved in concentrated sulphuric acid. 
An intense emerald-green solution is first produced, which eventually changes to a deep ° 
red. Diphenacyl gives with concentrated sulphuric acid a much fainter apple-green colour, 
passing through a fluorescent olive-green stage to a final red (cf. Kapf and Paal, Ber., 
1888, 21, 3056). 





EXPERIMENTAL. 


Isolation of Benzoylphenacylcarbinol from the Reaction Mixture of Riley et al. (loc. cit.).— 
220 G. of acetophenone were boiled under reflux with 100 g. of SeO, for 2}. hr. Phenylglyoxal 
was removed by shaking the reaction mixture (decanted from the Se formed) repeatedly with 
hot H,O; 130 g. of phenylglyoxal hydrate were obtained. The residual acetophenone was 
reduced to small bulk by distillation in a vac. and kept at 4°. The crude crystals obtained from 
this liquid were recrystallised from EtOH, separating in colourless platelets (27-8 g.), m. p. 98° 
[Found: C, 75-7; H, 5-5; M (Rast), 250. C,,H,,O, requires C, 75-6, H, 55%; M, 254). 
The compound crystallises from AcOEt and from H,0O, in which it is slightly sol., as platelets, 
and from C,H, and ligroin as prismatic needles. 

Preparation of Benzoylphenacylcarbinol from Phenylglyoxal and Acetophenone.—2 G. of 
phenylglyoxal hydrate in 30 g. of acetophenone were boiled under reflux for 15 min. The excess 
of acetophenone was then removed in a vac. and the residual oil was kept at 4°. The crude 
benzoylphenacylcarbinol which crystallised, after draining on porous pot, weighed 3-2 g. and 
was recrystallised first from EtOH and then from ligroin. It was identical with the compound 
described above. 

Benzoylphenacylcarbinyl Acetate.—1 G. of the carbinol was heated on the boiling water-bath 
with 20 c.c. of Ac,O for2hr. Excess of Ac,O having been removed in a vac., the oily residue 
was dissolved in EtOH and warmed at 65° for 10 min. The EtOH was then removed in a vac., 
and the process repeated. The final oily residue was washed twice with H,O and then dissolved 
in hot 96% EtOH, from which crystals separated. After recrystallising thrice from 96% 
EtOH, the acetate was obtained pure as prisms, m. p. 120° (Found : C, 72-9; H, 5-35. C,gH,,0, 
requires C, 72:9; H, 5-4%). 

Action of Hydroxylamine on Benzoylphenacylcarbinol.—This reaction is complex, and the 
products obtained vary with the conditions of expt. 

When I mol. of the carbinol was heated with 2 mols. of NH,OH,HCl1in alc. solution the liquid 
immediately developed a deep red colour which rapidly changed to dark green. On repeating 
the expt. in the presence of NaOAc no coloration appeared, but only uncrystallisable resinous 
products resulted. On repeating it in the presence of BaCO, colourless resinous products were 
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still obtained, but a small amount of the dioxime of diphenacy] was isolated (a), while the action 
of free NH,OH produced a small quantity of diphenacy] itself (b). 

(a) 1-1 G. of NH,OH,HCI were boiled under reflux on the water-bath in 40 c.c. of EtOH in 
the presence of 3 g. of BaCO, for 15 min. 2G. of benzoylphenacylcarbinol in 20 c.c. of EtOH 
were then added and the mixture was boiled for 45 min. After filtration and evaporation ina 
vac. to half its vol. the solution was heated and H,O was added until a persistent turbidity 
resulted. On keeping, the liquid deposited 0-4 g. of cryst. material. This was purified by four 
crystns. from EtOH and gave stout prisms, m. p. 206—208° (cf. Kapf and Paal, Ber., 1888, 21, 
3057) [Found : C, 71-7; H, 6-0; N, 10-7; M (Rast), 263. Calc. for C,,H,,O,.N,: C, 71-7; H, 
6-0; N, 10-4%; M, 268). 

(b) 1 G. of benzoylphenacylcarbinol was boiled in 45 c.c. of EtOH containing 0-26 g. of 
NH,OH in the presence of a small amount of K,CO, under reflux for 1 hr. H,O was added to 
the red reaction mixture, and then dil. HCl until the reaction was just acid to litmus. A cryst. 
substance contaminated with oily material separated (0-25 g.). After recrystn. once from 
EtOH and twice from 96% EtOH, long slender needles were obtained, m. p. 148° (Found : 
C, 80-6; H, 6-0. Calc. for C,,H,,0O,: C, 80-7; H, 5-9%). The substance was N-free and gave 
the characteristic colour reaction of diphenacyl with conc. H,SO,. The unexpected nature of the 
compound made it desirable to compare it directly with authentic diphenacyl. This compound 
was therefore synthesised from m-bromoacetophenone (Fritz, Ber., 1895, 28, 3032) and the 
identity of the substance was completely confirmed by mixed m. p., cryst. form, solubility, 
and colour reaction. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
Lonpon, N.W. 3. [Received, May 5th, 1933.] 





158. The Structure of the Sterols and Bile Acids. 


(Augmented from a paper read before the Chemical Society for discussion on December 
15th, 1932.) 


By I. M. Hercsron, J. C. E. Simpson, and F. S. Sprine. 


THE investigations carried out, notably by Borsche, Wieland, and Windaus, during the 
last two decades have shown that a close relationship exists between cholesterol and the 
bile acids. A large amount of the evidence bearing on the structure of these compounds 
is embodied in the excellent account given by Professor C. K. Ingold in the Annual Reports 
for 1927 and 1928, where the argument leading to the adoption of (I) for cholesterol is 
developed. 
H,C Me CH, 
LI. Jr. 
H,Cis uC 1v sCH, 
m | /Et 
H i C——*CH*CH Me’CH,"CH,"CH,"CHMe, 
mM AS 
H,C2 Cr— CH, 
I II 
H,C: sCH 7CH 
NZ NG 
CH C 
OH 


Since 1928, however, evidence has been accumulated irreconcilable with this represent- 
ation, and in the present paper this will be summarised and correlated with still more 
recent work which has resulted in the advancement of an entirely new nuclear structure. 

Of the four rings shown in formula (I), rings I and II were postulated by Windaus from 
a study of the reactions of cholesterol itself. The structures of rings III and IV were, 
however, deduced by Wieland from investigations of the bile acids, of which the monobasic 
cholanic acid, C,H, O,, is the prototype. A direct connexion between this compound 
and cholesterol was first established by Windaus and Neukirchen (Ber., 1919, 52, 1915), 
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who converted coprostane, C,,H,, (the hydrocarbon derived from coprosterol, a naturally 
occurring dihydrocholesterol), into cholanic acid by oxidation. This, together with the 
fact that acetone had previously been obtained by drastic oxidation of cholesterol deriv- 
atives, showed that the nuclear skeletons of cholesterol and the bile acids were identical, 
the terminal CO-OH of the latter being replaced by CH,-CHMe, in cholesterol. Similarly 
the oxidation of cholestane, a stereoisomeride of coprostane, produced allocholanic acid 
(Windaus and Neukirchen, /oc. cit.). This fundamental relationship was further established 
by Wieland and Jacobi (Ber., 1926, 59, 2064), who synthesised coprostane from cholanic 
ester by means of tsopropylmagnesium iodide. 

It was therefore permissible to combine the knowledge gained from the separate studies 
of cholesterol and the bile acids in assigning a nuclear structure to these compounds, and 
the result, up to 1926, is that reproduced in formula (I). The presence of the isooctyl 
side-chain indicated in this formula was determined in two ways: (1) Windaus and Resau 
(Ber., 1913, 46, 1246) obtained methyl zsohexyl ketone by oxidation of cholesteryl acetate, 
thus proving that cholesterol must contain in its side-chain at least 8 carbon atams having 
the structure (II) CHMe*CH,°CH,°-CH,-CHMe,; (2) Wieland, Schlichting, and Jacobi 
(Z. physiol. Chem., 1926, 161, 80) proved definitely that the bile-acid side-chain consisted 
of the group *CHMe:[CH,],°CO,H. This was achieved by removing one carbon atom at a 
time from the side-chain by means of the Grignard reaction, followed by oxidation; there 
were then successively obtained a Cy, acid, a Cy. acid, a C,, methyl ketone, a Cyp acid, and 
finally a C,, dibasic acid (ztiobilianic acid) produced by opening of ring IV. 

Formula (I) was definitely found to be inadequate to represent the bile-acid structure in 
its entirety when Wieland and Vocke (Z. physiol. Chem., 1930, 191, 69) showed that 
the ethyl group could be attached neither to C,) nor to any other carbon atom in ring IV. 
(It may be mentioned en passant that the four alicyclic rings and the side-chain in the bile- 
acids account for only 21 carbon atoms. Of the three remaining, one was placed on C,, 
for reasons indicated below and the other two carbon atoms were provisionally attached to 
Cj) as being apparently the only remaining position where they could be accommodated.) 

In order to follow the argument for the rejection of C,) as carrying the ethyl group it 
is now necessary to consider in some detail certain bile acid reactions. 

The three most extensively examined members of this series are cholic acid, C.,H4,0;, 
deoxycholic acid, C,,H49O,, and lithocholic acid, C,,HyjO,. These all occur naturally, 
and are hydroxylated cholanic acids substituted in positions 3 : 7: 12, 3: 7, and 3 respec- 
tively. [The hydroxyl group in position C,, in cholic acid was originally placed on C,s, 
but was moved to C,, following work carried out on chenodeoxycholic acid (3 : 12-dihydroxy- 
cholanic acid) (Windaus and van Schoor, Z. physiol. Chem., 1926, 157, 1771; Borsche and 
Frank, Ber., 1926, 59, 1748).] 

When these acids are treated with chromic anhydride they are converted into keto- 
acids, which on regulated oxidation with nitric acid suffer rupture of ring I, giving the 
corresponding tribasic acids. Thus deoxycholic acid gives deoxybilianic acid, C,,H 5,0, 
(III) (cf. Latschinoff, Ber., 1885, 18, 3039; Wieland and Kulenkampff, Z. physiol. Chem., 
1919, 108, 295) : 

Me 


=O 
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When the latter acid is heated in a vacuum it undergoes pyrolysis with loss of carbon 
dioxide and water, giving pyrodeoxybilianic acid (IV), which passes on oxidation with 
potassium permanganate into a diketo-dibasic acid, C,,H,,0, (V) (Wieland and Kulen- 
kampff, loc. cit.). 

When (V) is treated with a mixture of concentrated nitric and sulphuric acids, C,,H,,0, 
(VI) is formed (Wieland and Schlichting, Z. physiol. Chem., 1924, 134, 276), and in addition, 
from the mother-liquors of this oxidation, an acid, C,H, 90,, was later isolated and identified 
as n-butane-«yy-tricarboxylic acid (VII) (Wieland and Vocke, Z. physiol. Chem., 1928, 
177, 68). This acid supplies the evidence for the attachment of the methyl group to C,,, 
since it can only reasonably be supposed to be derived by rupture of (V) as shown by the 
dotted line. 

The acid (VI) on pyrolysis loses carbon dioxide and water and forms a keto-dibasic 
acid, C,;H,.0,, which on further oxidation gives a tribasic acid, C,3;H 90, (Wieland and 
Schlichting, Joc. cit.). It follows that, assuming (VI) to be correct for the C,,H,,0, acid, 
the structures of these two new acids must be (VIII) and (IX) respectively, the two car- 
boxyls A and B of (VI) taking part in the production of (VIII), which on oxidation yields 
a malonic acid from which two molecules of carbon dioxide are lost. 








Me 
| OF CHMe-CO,H 
HO,C—C—CH,*CH,*CO,H H,C\ - 2 2 ICHMe-CO,H 
CO,H tS H me 
(VII.) : (VIII.) (IX.) 


Now the keto-acid (VIII) on reduction by Clemmensen’s method gives a dibasic acid, 
C,;H,,0,, which on treatment with two mols. of phenylmagnesium bromide, followed by 
oxidation of the carbinol thus produced, passes into a lower homologous acid, C,4H,.0, 
(Wieland and Vocke, Z. physiol. Chem., 1930, 191,69). Clearly an acid could not be formed 
unless a group CH,*CO,H were present in C,;H,,0,, and it therefore follows that in the 
acids C,,H,,0g, C,H 20,;, and C,,H, 0, the original side-chain of the bile acid must have 
been present unimpaired.* The acid C,,H, 90, must accordingly contain a five-membered 
ring, a side-chain containing the group CHMe:[CH,],°CO,H, and two further carboxyls 
together with a methyl radical. As all the 13 carbon atoms are accounted for in this 
manner, the ethyl group cannot possibly reside in any position in ring IV. 

Following upon this, Wieland advanced the suggestion that the two unplaced carbon 
atoms might reside in ring III, strict proof of the carbon-atom content of which was still 
lacking. The atoms were introduced as shown in (X) (Wieland and Vocke, loc. cit.). 


Me Me 


H, AY Il P Ill 

| OSE Coca 
H,C/ \c/ O,H O—0O 

| x | (XI.) (XII.) 


In the following year (1931) this formula also was abandoned by Wieland in view of 
results obtained by a reinvestigation of the decomposition by heat of choloidanic acid, 
C.4H3,0 49, a pentabasic acid produced by nitric acid oxidation of deoxybilianic acid (III), 
to which the structure (XI) was given (Wieland, Z. physiol. Chem., 1919, 108, 306). On 
pyrolysis choloidanic acid loses CO, and 2H,O, forming pyrocholoidanic acid, C.35H3.0,, 
formerly regarded as a keto-anhydride monobasic acid (XII). 

* Analogies supporting this view were found with other acids containing the unshortened side- 
chain; these on subjection to the conditions used in the production of C,,H,,O, suffered no shortening 
of the side-chain (Wieland and Vocke, Joc. cit.). 
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It was found, however (Wieland, Ertel, and Schénberger, Z. physiol. Chem., 1931, 197, 
31), that pyrocholoidanic acid formed a neutral dimethyl ester with diazomethane, and 
must therefore be the enol-lactone of a tribasic acid, which on the basis of (XI) would be 
(XIII). Such a formula, however, stands in contradiction to Bredt’s rule, and to circum- 


al Me | Me 
ur | CH C CH C 
Prt HC, \¢—CH, ue, \C—CH, 
a: 1¢ CH, HO,C2 a CO,H (== CO,H 
CO,H “HC~ O CH 
esas HO,C:H,C” \CO,H ft exvy 
(XIII.) (XIV.) CO 


vent this difficulty Wieland placed the two carbon atoms in question as a CH°CH; group 
between C, and Cy, so that the formule of choloidanic and pyrocholoidanic acids were 
represented as (XIV) and (XV), thus making both rings I and III 7-membered. 

Further difficulties arose in the investigation of two isomeric acids, apocholic and 
dihydroxycholenic acids, C,,H3,0,, produced by the partial dehydration of cholic acid by 
loss of 1H,O. Dihydroxycholenic acid behaves as a normal mono-ethylenic acid, since on 
hydrogenation it is converted into the naturally occurring deoxycholic acid. apoCholic 
acid, however, while giving the colour reactions of an unsaturated compound, is completely 
resistant towards hydrogenation. Furthermore, both apocholic acid and its isomeride 
react with perbenzoic acid, giving crystalline oxides, both of which on rupture of the oxide 
ring lose two molecules of water and yield one and the same dihydroxycholadienic acid, 
C4H 30,4. This acid is also produced by direct dehydrogenation of apocholic and dihydroxy- 
cholenic acids by means of bromine (and from the former compound with permanganate 
also), and on catalytic hydrogenation it takes up two atoms of hydrogen only and is re- 
converted into apocholic acid. 

To explain this remarkable series of changes, Borsche and Todd (Z. physiol. Chem., 
1931, 197, 173) rejected Wieland’s carbon skeleton indicated in (XIV) and employed his 
earlier formula (X) in which only ring III was 7-membered. In their opinion apocholic, 
dihydroxycholenic, and dihydroxycholadienic acids have respectively the formule (XVI), 
(XVII), and (XVIII). 


- Me Me Me Me Me 
g CH LY ¥ et 
HC JN He » Hé ‘f 
0 / 11 | HC wi | HC 111 
C C—— a“ a siaseatias 
H.C“ \c7— H.C“ \cZ— Hye NO 
(XVI.) (XVIL.) (XVIIL.) 


This scheme, while offering a possible explanation of the transformations undergone by 
these acids, entirely fails to account for the formation of pyrocholoidanic acid. 

Wieland and Deulofeu (Z. physiol. Chem., 1931, 198, 127), on the other hand, employ 
formule (XIX), (XX), and (X XI) to represent the three unsaturated acids (cf. also Wieland 
and Dane, Z. physiol. Chem., 1932, 206, 243; 212, 263). 
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At this point a revolutionary proposal was advanced by Rosenheim and King (J. Soc. 
Chem. Ind., 1932, 51, 464) based on (a) the X-ray evidence of Bernal (ibid., p. 466), who 
found that the older accepted formule for the sterols and bile acids could not be made to 
fit into the crystallographic cells, and (6) the facts that cholic acid is stated by Diels and 
Karstens (Annalen, 1930, 478, 129) to give chrysene in good yield on dehydrogenation with 
selenium, and cholesterol furnishes this hydrocarbon on treatment with palladised charcoal 
(Diels and Giadke, Ber., 1927, 60, 140).* 

Arising from this, Rosenheim and King suggested that the nuclear skeleton of cholesterol 
and the bile acids was essentially that of chrysene as indicated in (XXII), which formula 
accommodates the hitherto “‘ homeless” carbon atoms. Alteration of the position of the 
side-chain to that shown in this formula was effected to meet the requirements of Bernal’s 
X-ray measurements (Nature, 1932, 129, 277). 





C,H,,(or CyH,*CO,H) Me 
Mel? 2” atig’ U2 Wadi A. CH, 
nr IV HO,C C,H,°CO,H 
(X XII.) aw Fe a (XXIIT.) 
(i \u HOG. A C0,H 
\ CO,H 


With this formulation, however, various difficulties are experienced in attempting to explain 
certain of the bile acid reactions, notably the formation of (a) biloidanic acid (XXIII), a 
hexabasic acid, C,.H3,0,., obtained from pyrocholoidanic acid, or from cholic acid by 
direct oxidation, and (6) the tetrabasic acid C,,H,,0, from the diketo-dibasic acid C,3,H 3,0, 
(V). 
A modification of the Rosenheim-King formula which seems to offer a satisfactory 
interpretation of all the known bile-acid reactions was shortly afterwards advanced by 
Wieland and Dane (Z. physiol. Chem., 1932, 210, 268). The first step in this direction 
consisted in the preparation of a new bile acid containing a hydroxyl group in ring III only 
(up to this stage Wieland regarded this ring as 7-membered). On oxidation this acid gave 
a tribasic acid, C.,H3gOg, thilobilianic acid, in which scission of ring III had occurred, and 
this on pyrolysis yielded an anhydride in place of the confidently anticipated ketone. Since 
a substituted pimelic acid could scarcely fail to form a ketone, Wieland was accordingly 
forced to abandon the idea of a 7-membered ring III. On the other hand, Borsche and 
Frank (Ber., 1927, 60, 723) had definitely proved that ring III is at least 6-membered, from 
which the important deductions emerge (a) that the Blanc rule is not universally applicable 
to acids resulting from rupture of condensed ring-systems, and (0) that the two “ homeless ”’ 
carbon atoms cannot be contained in ring III. Arising from this breakdown of the Blanc 
rule, the evidence in favour of ring II being 5-membered is also negatived. It should be 
pointed out, however, that this does not apply to rings I and IV, where the carboxyl 
groups are attached to only one ring (the reasons for this are fully discussed in the original 
paper). 

Consequent upon the above work, Wieland and Danerejected the bile-acid carbon skeleton 
hitherto employed, and adopted the Rosenheim—King structure in general outline. Certain 
far-reaching modifications were, however, introduced ; ring IV was retained as a 5-membered 
ring and a transposition of the functions of rings II and III in the bile acids but not in the 
sterols was postulated, a rearrangement of fundamental importance and one clarifying the 
whole position. The new skeleton is represented as (XXIV), in which rings A, B, C, and 
D have the functions of rings I, III, II, and IV respectively in the bile acids and of I, II, 


* Recent papers by Ruzicka and Thomann (Helv. Chim. Acta, 1933, 16, 216) and Ruzicka, Ehmann, 
and MoOrgeli (ibid., p. 314) throw considerable doubt on Diels and Karstens’ claim that chrysene is 
actually produced from cholic acid. These authors state that the dehydrogenation product is a complex 
mixture of four hydrocarbons, each apparently containing a 5-membered ring, whose physical properties 
simulate those of chrysene (see further Diels’s reply; Ber., 1933, 66, 487). 
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III, and IV in cholesterol. It will be noted that the remaining unplaced carbon atom is 
now attached to C,) as a methyl group. 


C,H, ,(or C,H,°CO,H) 
Me 


IN| Ar C,H, 
Me as ‘Ay Ye 


oo CeHi, (XXV.) 


(X XIV.) \ 
3 A say 
4 6 








a =) 


It is now necessary to review the evidence produced by Wieland and his collaborators 
in support of these changes. 

Starting from lithocholic acid, Wieland, Dane, and Scholtz (Z. physiol. Chem., 1932, 
211, 261) obtained by degradation of pyrolithobilianic acid two tetrabasic acids, Cy3Hs,0, 
and C,,H .0g, in which rings I and III of the bile acid molecule had been opened. These 
two acids were found to be identical in every respect with two acids previously isolated by 
Windaus (Ber., 1909, 42, 3770; 1912, 45, 2421) from cholesterol by opening the two rings 
of the sterol containing the hydroxyl and the double bond, followed by removal of the 
isopropyl group from the side-chain. Hence the ring containing the double bond of chole- 
sterol corresponds to ring III of the bile acids. If, however, cholesterol be formulated 
as (XXV), it becomes impossible to represent further degradations undergone by the acid 
Cy4H4 0, from cholesterol, from which C,,H3,0, was derived by shortening of the side- 
chain. On the basis of (XXIV), however, these results are readily explicable, cholesterol 
containing its hydroxyl in ring A and its double bond in ring B. 

Further important evidence in support of the new formulation has been adduced by 
Tschesche (Annalen, 1932, 498, 185). Windaus (Ber., 1906, 39, 2008) had previously 
found that cholestenone could be oxidised to a keto-monobasic acid CygH44O3, which Diels, 
Gadke, and Kérding (Annalen, 1927, 459, 1) reduced to the monobasic acid C,,H4,0, 
(XXVIII). Starting from the latter acid, Tschesche obtained, by application of the stage- 
wise Grignard degradation method, a C,,;- and a C,,-monobasic acid successively. Not 
only are these results completely incapable of interpretation on the old formula, but also 
definite proof is afforded that C, is part of a methylene group and therefore cannot be 
the point of junction of two rings. Further, the C,, acid was found to be extremely 
difficult to esterify, and it was therefore suggested that the carbon atom adjacent to 
the CO,H group (t.e., C,9) is quaternary, a result in agreement with the attachment of 
a methyl group to Ci». Cholestenone, and the acids CygH4yOs3, CygHyg92, C25H Oo, 
and C,,H,.0, are represented as (XXVI), (XXVII), (XXVIII), (XXIX), and (XXX) 
respectively. 


ky: HO,C! LY a" s « a 


NX, (X XVII.) (X XVIII.) 


AK JH HO Ve iad 
(XXIX,) Ho, ~ | ¥ | 


It will be noticed that in the above scheme cholestenone is represented as an «$-unsaturated 
ketone having its keto-group attached to C,. Spectrographic evidence that cholestenone 
is actually an «$-unsaturated ketone had previously been put forward by Page, Menschick, 
and Bossert (Annalen, 1932, 495, 225). That the hydroxyl group in cholesterol is actually 
in position 3 and not in position 4 is not only demanded by theoretical and biogenetic 


(XXX.) 
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considerations, but is placed beyond all reasonable doubt by the isolation by Wieland and 
Dane (Z. physiol. Chem., 1932, 212, 41) of 3-hydroxyallocholanic acid, which is almost 
certainly identical with the acid obtained by Windaus and Hossfeld (Z. physiol. Chem., 
1925, 145, 177) by removal of the isopropyl group from the side-chain of chlorocholestane, 
followed by hydrolysis of the resulting chloro-acid. 

Cholesterol must now be given the structure (XX XI) (the position A**® as present in 
cholestenone is excluded on account of the production from cholesterol of a saturated C,, 
tetrabasic acid; see Ann. Reports, 1927), while allocholesterol (Windaus, Annalen, 1927, 
453, 101) will be (XXXII), as has been shown by Heilbron and MacFarlane (forthcoming 
publication) by its conversion through aillocholesteryl chloride into pseudocholestene 
(XX XIII), which is a position isomeride of cholestene (XXXIV). 


CHMe-CH,*CH,*CH,-CHMe, CH, 
H,C Me CH H,C Me CH 
(XXXL) Pg, Fle JZNIAZ\. 
ae cH, U ‘CH, 
H,C Me CH CH—-CH, H,C Me CH CH—CH, 
Fe , f NE Y / 
H,¢ CH HC OC CH 
HO-HC C CH, HO-HC » CH, (XXXIL.) 
i © 4 \4NZ 
CH, CH CH CH, 
CsHy, Csi, 
are H,C_ Me CH H,C Me CH 
(XXXL) Z\ ZX PS ea 
H, CH, CH, © (CH, 
H,C MeCH CH—CH, H,C MeCH CH—-CH, 
ful Syl OV NA 
H,¢ ¢ CH H,¢ CH 
a... & _ © oh 
be aw Net Ma? (XXXIV.) 
cH (CH, CH, CH 


A detailed account of the resultant modification in the structures of the many derivatives 
of cholesterol has recently been published by Windaus (Z. physiol. Chem., 1932, 218, 147). 
Attention will here be drawn simply to the fact that the stereoisomerism existing between 
the allo- and the normal series in the bile acid group (corresponding to the cholestane and 
coprostane series; see p. 627) is now satisfactorily accounted for by the presence of the 
asymmetric centre C,, as shown in (XX XV) and (XXXVI) : 


| | | 
H,C Me CH du NS \ a 
Fi ‘NI a eg 
HC CH Hi { ¢H 
H.C; ;CH CH, He ae Mh 
Ws ee ‘ 
HC CH, HC ch, 
(XXXV.) Cholestane and a//ocholanic acid. (XX XVI.) Coprostane (pseudocholestane) 


and cholanic acid. 


A point until recently incapable of explanation on the basis of the existence of only one 
asymmetric centre in the cholesterol molecule concerned the existence of three isomeric 
dibasic acids, C,,H,,0,, formed respectively from dihydrocholesterol and coprosterol by 
oxidation with chromic anhydride and by the hydrogenation of Diels’s acid, which latter is 
prepared from cholesterol by direct oxidation with hypobromite. For a long time these 
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three acids were considered to be stereoisomerides (cf. Windaus, Nach. Ges. Wiss. Gottingen, 
1925, 159), thus. necessitating the introduction of a second centre of asymmetry, the two 
being C, and C; (formula I). Recent work has shown, however, that the oxidation of 
dihydrocholesterol leads to rupture of ring A (XX XI) between C, and C,, whereas the other 
two acids originate by scission of ring A between C, and C,, and are stereoisomerides, as 
shown by their pyrogenic conversion into the same ketone C,,H,,0 (Windaus, loc. cit.). 


Ergosterol. 


Until recently ergosterol was considered to have the molecular formula C,,H,,0/-, 
originally assigned to it by Tanret (Compt. rend., 1908, 147, 75) and to differ from cholesterol 
simply in respect of the number of its double bonds. That the carbon skeletons of the two 
sterols are, if not identical, certainly closely related would appear to result from the work 
of Diels and Karstens (Amnalen, 1930, 478, 129), who found that ergosterol on dehydro- 
genation with selenium gave the sametwo hydrocarbons, C,;H,, and C,,H,., as had previously 
been obtained from cholesterol by the same method (Diels, Gadke, and Kérding, Annalen, 
1927, 459, 1). 

In 1932, however, Windaus and Liittringhaus (Nach. Ges. Wiss. Géttingen, 1932, 4) 
suggested that ergosterol might possibly have the formula C,,H,,O, a suggestion based on 
the analytical values of nitrogen-containing esters of ergosterol derivatives. Further 
evidence in support of this contention was presented by Windaus, Werder, and Gschaider 
(Ber., 1932, 65, 1006) and definitely confirmed by Heilbron and Simpson (J., 1932, 2400) by 
analyses of certain bromo-ketones derived from ergosterol. 

That the extra carbon atom is contained in the side-chain has been proved by the work 
of Guiteras, Nakamiya, and Inhoffen (Annalen, 1932, 494, 116), who, by oxidation of hexa- 
hydroergosterol, isolated a methyl ketone, C,H,,0, seemingly identical with dihydrothuja- 
ketone, as distinct from the methyl isohexyl ketone, C,H,,0, obtained from cholesterol 
under similar conditions. The same ketone was also isolated by Heilbron, Simpson, and 
Wilkinson (J., 1932, 1699) from «-ergostenol (tetrahydroergosterol). The side-chain of 
ergosterol also contains one of the three double bonds, for ozonisation of ergosterol yields 
methylisopropylacetaldehyde (Reindel and Kipphan, Annalen, 1932, 493, 181), from which 
it follows that its structure must be -CHMe-CH:CH-CHMe-CHMe, (XXXVII). 

Of the three double bonds in ergosterol, only two are capable of saturation by direct 
catalytic hydrogenation. In the formation of its first hydrogenation product, «-dihydro- 
ergosterol, a nuclear double bond is involved, since ozonisation of this compound furnishes 
methylisopropylacetaldehyde (Guiteras, Nakamiya, and Inhoffen, Joc. cit.). The formation 
of the tetrahydro-derivative, «-ergostenol, involves further the saturation of the side-chain 
double bond, as it fails to give the above aldehyde on ozonisation. The remaining double 
bond in «-ergostenol is completely resistant towards further direct hydrogenation, but on 
treatment of its acetate with dry hydrogen chloride in chloroform solution an isomeric 
‘‘ B-acetate ”’ is produced (Reindel, Walter, and Rauch, Annalen, 1927, 452, 34), from which 
the saturated ergostanol can be obtained by hydrogenation with a platinum catalyst. 
This “‘ B-acetate ’’ was later shown to be a mixture containing unchanged «-acetate (Reindel 
and Walter, Annalen, 1928, 460, 212; Hart, Speer, and Heyl, J. Amer. Chem. Soc., 1930, 
50, 2016), but pure B-ergostenol in good yield can be obtained by means of the very sparingly 
soluble benzoate (Heilbron and Wilkinson, J., 1932, 1708), and the 6-compound can be 
transformed almost quantitatively into ergostanol by hydrogenation by means of Adams’s 
platinum oxide. Windaus and Liittringhaus (Amnalen, 1930, 481, 119) observed that 
treatment of «-ergostenol with perbenzoic acid yielded dehydroergostenol, C,,H,,O\-., 
which on hydrogenation again passed into «-ergostenol. §-Ergostenol was also found by 
Morrison and Simpson (J., 1932, 1710) to yield dehydroergostenol (a) via a crystalline oxide 
and (b) directly, on treatment with bromine. These authors also isolated the hitherto 
unknown «-ergostenyl oxide, which was different from the B-isomeride. These reactions, 
as shown in the following scheme, are wholly analogous to those undergone by apocholic 
and dihydroxycholenic acids, to which brief reference has already been made (p. 629) and 
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supply further evidence in support of the nuclear identity between ergosterol and the bile 
acids. 


H, + Pto, 





Y Ph-CO,H 
a-Ergostenol ——————-> «-Ergostenyl oxide 
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of + 
h-0O,H 
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Br, 
Deoxycholic acid 


Complete proof of the correctness of this conception has now been supplied by Chuang 
(Annalen, 1933, 500, 270), who has succeeded in converting ergostane into allonorcholanic 
acid, C,,H,,0,, by oxidation. A similar degradation of ergostanyl chloride, C,gH4gCl, into 
a chloro-norcholanic acid C,,H3,0,Cl has also been carried out by Heilbron and Simpson 
(Nature, 1933, 131, 438). 

Turning now to the question of the location of the two nuclear double bonds, it would 
appear, from the fact that ergosterol can only be directly hydrogenated to its tetrahydro- 
derivative, that the ethenoid linkage in the latter tompound is almost certainly situated 
between two quaternary carbon atoms. That the same double bond is present in ergosterol 
and is not formed during the hydrogenation of this sterol by 1 : 4-addition to a conjugated 
system arises from the work of Heilbron, Morrison, and Simpson (J., 1933, 302) on the reac- 
tions of ergostadienetriol and methoxyergostadienediol. These authors conclude further 

CHMe-CH-CH-CHMe:CHMe, 
FANW, CH 
i 
on 

H,C Me C "CE, 

¢ uv \F 

Hf ¢ 
sien 4 Pas CH, 

\h, Nh, 


that the reactive nuclear double bond in ergosterol is of the type >C—CH-. The latter 
must be conjugated with the inert double bond, for, as shown by Windaus (Nach. Ges. 
Wiss. Gottingen, 1929, 159; Ber., 1931, 64, 850), ergosterol combines with maleic anhydride. 

* The reasons for abandoning the formula for ergosterol previously suggested by the authors (J. Soc. 
Chem. Ind., 1932, 51, 1061) are discussed in detail by Heilbron, Morrison, and Simpson (loc. cit.). 
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Taking these facts into consideration, together with the specific production from ergosterol 
of a methylbenzenetetracarboxylic acid (Guiteras, Nakamiya, and Inhoffen, Joc. cit.) 
indicating the presence of both nuclear double bonds in one ring, Heilbron, Morrison, and 
Simpson (/oc. cit.) conclude that the structure of ergosterol is, on the evidence so far avail- 
able, best expressed by formula (XX XVIII), a formulation also favoured by Windaus on 
theoretical grounds (Nach. Ges. Wiss. Gottingen, 1933, 92). 

In this formula the hydroxyl is shown attached to C,;. That it is probably 
present in ring A follows from the pyrolysis of the acid C,,H,,O, obtained by oxidation of 
ergostanol (Reindel, Annalen, 1928, 466, 131), a ketone C,,H,,0 then being produced 
(cf. p. 630). Although the position of the hydroxyl has not yet been fully demonstrated, 
its attachment to C, is attractive on biogenetic grounds. 


Stigmasterol. 


Recent work has shown that the molecular formula of this doubly unsaturated sterol, 
first isolated by Windaus and Hauth (Ber., 1906, 39, 4378) and represented as Cy9H;,O 
(Windaus and Brunken, Z. physiol. Chem., 1924, 140, 48), is actually C,,H,,O/-, (Sandquist 
and Gorton, Ber., 1930, 63, 1935; Windaus, Werder, and Gschaider, Joc. cit.), thus contain- 
ing two carbon atoms more than cholesterol. The site of these carbon atoms has now been 
found in the side chain, which moreover contains one of the ethylenic linkages, since 
ozonisation of stigmasterol gives rise to ethylisopropylacetaldehyde (Guiteras, Z. physiol. 
Chem., 1933, 214, 89). From this there can be little doubt that the side-chain has the 
formula *CHMe-CH:CH-CHEt-CHMe, and that the nuclear skeleton of the sterol conforms 
to that of cholesterol and ergosterol. 


In the above review only such compounds have been referred to as have a specific - 
bearing on constitutional problems related to the bile acids and the sterols. Arising from 
this, many important derivatives of both groups, such as cheno- and hyo-deoxycholic acids, 
the numerous isomerides of ergosterol and its irradiated products, including the important 
isomeride vitamin D, dehydroergosterol, etc., have been omitted from the present discussion. 

In the main the structure of the bile acids and sterols would seem to have been elucidated, 
but the apocholic-dihydroxycholenic acids and the «—8-ergostenol dehydrogenation reac- 
tions still await satisfactory explanation. Attention must also be drawn to a paper by 
Criegee (Ber., 1932, 65, 1770) suggesting that ring B is actually 5-membered, a suggestion 
in which, however, Windaus (Z. physiol. Chem., 1932, 218, 147) does not concur. 
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159. Higher Aliphatic Compounds. Part IV. Systems with Ethyl 
Margarate and Heptadecyl Alcohol. 


By Prececy C. Carey and J. C. SMITH. 


THE study of binary systems of long-chain compounds has now been extended to mixtures 
of substances with even and with odd numbers of carbon atoms in the molecules. 

In the systems ethyl palmitate-ethyl margarate (see Fig. 1) and ethyl margarate- 
ethyl stearate, the transparent forms of these polymorphous esters give continuous series 
of solid solutions, the liquidus curves being straight lines. The transparent forms of 
ethyl palmitate and ethyl stearate, first described in Part I of this series (J., 1931, 803), 
were supplied for X-ray analysis to Dr. T. Malkin, who reported (Nature, 1931, 127, 126; 
J., 1931, 2796) that they contained “ vertical chains.”’ It is significant that those forms 
in which the general direction of the carbon chains is at right angles to the crystal face 
should be those which form the simplest systems of solid solutions. 

The opaque forms of the esters have “ inclined chains,”’ and their mixtures give systems 
of Type III (with a minimum). In the even—odd mixtures, the curve for opaque crystals 
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lies mainly below the solidus of the transparent system, because the opaque is the lower- 

melting form of ethyl margarate (Malkin, Joc. cit.; Phillips and Mumford, J., 1931, 1736). 
The system heptadecyl alcohol-octadecyl alcohol (see Fig. 2) is not a continuous series 

of solid solutions, as there is a transition at 50 mols. %. Polymorphism of the heptadecyl 
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alcohol complicates the solidus curve. Repetition of part of the even-even system, 
hexadecyl-octadecyl alcohols (Part I, Joc. cit.) confirmed the smooth curves previously 
found, but the system hexadecyl alcohol—-heptadecyl alcohol (not yet completed) gives 
indication of two series of solid solutions. These systems will shortly be discussed in Part V. 
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EXPERIMENTAL. 


Ethyl Margarate.—Margaric acid was synthesised from pure cetyl iodide (Part II; J., 1932, 
738) and crystallised from EtOH and then C,H, to const. f. p. 61-10°, m. p. 61-12° (m. p. in 
capillary tube, 62°). Garner and King (J., 1929, 1860) give f. p. 60-81°. The ethyl ester 
crystallised from EtOH to const. f. p. 25-37°, m. p. 25-40° (m. p. in capillary tube, 26°). This 
transparent («-) form passed into an opaque (8-) form at approx. 16° on cooling, the reverse 
change occurring at approx. 19°, in agreement with Phillips and Mumford (loc. cit.). Hydrolysis 
of the ester of f. p. 25-37° gave margaric acid, which, once crystallised from EtOH, had f. p. 
611°. The value 25-2° given by Phillips and Mumford is thus too low. 

Ethyl Palmitate.—This was crystallised to const. f. p. 19-34° («-), m. p. 24:16° (8-) (Part I; 
oc. cit.). 

Mixtures of Ethyl Palmitate and Ethyl Margarate.—These crystallised readily in transparent 
plates. In mixtures containing more than 80%, of the palmitate, a change to opaque occurred 
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on keeping, while the other mixtures were transformed on cooling sufficiently. The 6- m. p.’s 
recorded are very approx. and are the averages from arrests on heating and cooling curves. 

Mixtures of Ethyl Margarate and Ethyl Stearate-—Only sufficient points were determined on 
the liquidus curve to show that this was a straight line, and the system must be very similar 
to the preceding one. The ethyl stearate was a pure specimen used in Part I (loc. cit.). 


Ethyl margarate-ethyl palmitate. 

Margarate, F. p. M. p. M. p. Margarate,_ F. p. M. p. M. p. 
mols. %. (a). (a). (B). Solidus. mols. %. (a). (a). (B). Solidus. 
100 25°37° 25°40° 18°3° — . 20°95° 21-0° 14°3° a 
97°5 25°19 25°20 — — 20°7 —- 15°5 — 

91-7 24°81 24°86 16:1 24°5° 3 20°36 20°39 — 20°0° 

79°0 24°10 24°16 — 23°5 5 20°16 a 21°4 — 
65°9 23°24 23°31 11°5 22°25 , 19°91 20°04 22°6 19°5 
54°0 22°51 22°54 10°5 21°6 < 19°60 19°64 23°21 aos 
44°7 22-02 22°06 — 21-2 ‘ 19°34 nos 24°16 — 
32°3 21°24 21°28 12°3 — 


Ethyl margarate-ethyl stearate. 


Margarate, mols. % ; 21°5 51°8 62:1 100 
Fe We siernnensescnesasanansenvessonsengnsans . 29°75° 28°10° 27°49° 25°37° 


Heptadecyl Alcohol.—Reduction of ethyl margarate (f. p. 25-4°) with Na and EtOH and 
distillation of the product with superheated steam gave heptadecyl alcohol of f. p. 53-4° (yield 
80%). The alcohol crystallised from EtOH to f. p. 54-2°, m. p. 54:3° (m. p. in capillary tube 
55°). Levene, West, and van der Scheer (J. Biol. Chem., 1915, 20, 531) give m. p. 54° (capillary 
tube). As the cooling curves showed a change of direction at 53-8° and a distinct arrest at 
43-5°, the alcohol is polymorphous. In the system with octadecyl alcohol, the shape of the 
solidus curve also indicates a modification of f. p. 53-5—53-8°. Some specimens, moreover, 
which were unlikely to contain much impurity had f. p.’s 53-8° and a slow rate of crystn. 
Several recrystns. from C,H, and ligroin were needed to raise the f. p. to 54-2°. This matter 
is being reinvestigated. 

Heptadecyl Acetate.—The alcohol of f. p. 53-8° gave an acetate which, twice cryst. from 
acetone, had f. p. 24-60°, m. p. 24-62° (transparent form, «-). The substance is very easily 
sol. in CgH,. After distillation (150°/ca. 1 mm.) and recrystn. from much acetone, it had f. p. 
24-62°, m. p. 24-64° (capillary tube 25-5°) (Found: C, 76-6; H, 12-7. C,,H3,0, requires C, 
76-5; H, 12-7%). On standing, the substance changes into an opaque form (8-), m. p. 30-2° 
(capillary tube, 30-5—31°). The 8$-form is also deposited from dilute acetone solutions in dense 
prisms, but cooling to below 5° produces a fine opaque form (y-), the existence of which is also 
indicated by an arrest at 10-0° in the cooling curve (compare the polymorphism of cetyl and 
octadecyl acetates, Phillips and Mumford, /oc. cit.). Hydrolysis gave alcohol of f. p. 53°8°. 

Mixtures of Heptadecyl and Octadecyl Alcohols.—These crystallised fairly rapidly, and the 
f. p.’s were concordant if the temp. of the air-jacket surrounding the f. p. tube was kept less 
than 0-6° below that of the alcohols. 

C,,Hs37°OH, C,,H;,°OH, C,,H37°OH, 
mols. %. F, p. Solidus. mols. %. F.p. Solidus. mols. %. F.p. Solidus. 
0°0 54°18° 53°5° 48°4 55°36° 54°55° 65°6 56°15° 55°4° 
5°0 54°27 — 52°2 55°46 54°7 71:2 56°40 55°6 
10°6 54°40 53°7 55°3 55°55 54°8 82-0 56°96 56°3 
25°9 54°67 53°95 59°3 55°81 55°1 91°5 57°45 57°05 
41-2 55°05 54°3 62°5 55°90 55°3 100 57°93 57°7 

Mixtures of Hexadecyl and Octadecyl Alcohols.—New values of f. p. and solidus temps. supple- 
ment those of Part I in the 50% region and lie on smooth curves. 

C,,H;,°OH, a A 52°0 48:1 45°0 
Fp... usenet 51°40° 51-01° 50°65° 
Solidus , 500° 49°7° 49°5° 


The authors thank Mr. F. H. Hastings for the preparation of cetyl alcohol. 
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160. Hydrates of Calcium Sulphate. 
By CHARLES S. GiBsoN and SipNEY Hott. 


In connexion with other work it has been necessary to reinvestigate the course of the de- 
hydration of calcium sulphate dihydrate (gypsum) and to attempt to establish the conditions 
of existence of the hydrates with some certainty. 


In the first series of expts., v. p. determinations were made, a differential tensimeter of the 
type described by Hartung (Tvans. Faraday Soc., 1920, 15, 150) being used. A satd.aq. solution 
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of NaCl was used as a standard, and observations of satd. v. p. in the system dihydrate—hemi- 
hydrate—water vapour were made up to 78°. The results indicated in Fig. 1 show the existence 
of a range of gradual change up to about 73°, in agreement with the results obtained by Shenstone 
and Cundall (J., 1888, 58, 544). The v. p. at 72° was 183-2 mm. and remained const. at this 
value for 5 days. Possibly the somewhat indecisive value for the v. p. obtained by van ’t Hoff 
and Donnan (Arch. Néerl., 1901, 6, 471) was due to the presence of MgCl, in the system. 
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In the second series of expts., a modification of the apparatus employed by Hackspill and 
Kiefer (Ann. Chim., 1930, 14, 227) forastudy of salt hydrates was substituted for the tensimeter. 
This apparatus, which does not measure the satd. v. p., is illustrated in Fig. 2. It consists of a 
reaction tube, FR, containing a thermocouple passing through the Pb seals, LL’, and provided 
with a ground attachment at J. The reaction vessel is connected with a glass globe G, attached 
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to a manometer, M. The vol. of the globe is an important feature and is about 71. The 
apparatus was so arranged as to allow the use of a McLeod gauge for the lower pressure measure- 
ments. G was enveloped in a well-lagged container in which no appreciable variation of temp. 
was registered during the course of an expt. The rate of heating was controlled by variation 
of the voltage drop across the winding of a small heater by means of a rheostat, hand control 
being satisfactory. Evacuation of the apparatus was done via the tap, Ts. 

For all the expts. the CaSO,,2H,O was prepared from pure CaCl, and pure H,SO,; it was 
obtained in cryst. form by recrystn. from pure HCl (about 5N), and its comp. verified by direct 
analysis. 

A weighed amount of the dihydrate was placed in the tube, R, and the apparatus evacuated 
to less than 0-1 mm. by means ofa Gaede pump. The pump was isolated from the apparatus, 
and the temp. in RF raised at the rate of approx. 12° per hr. to 120°, press. and temp. being 
recorded at intervals of 15 min. The curves drawn from temp.—press. measurements in 12 
expts. show discontinuities at 73° + 2° and 92° + 2° as seen in Fig. 3. In two cases, however, 
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there were indications of an additional break at 105° and 107° respectively, and a third series 
of expts. was carried out in order to investigate the changes abov~ 100° in greater detail. 

In this series the apparatus was modified by substitution of a smaller globe (of about 2 1. 
capacity) for G,and replacement of the manometer, M, by a glass-spring manometer, shown 
in Fig. 2a. Approx. equal pressure on each side of the manometer diaphragm during exhaustion 
was attained by adjustment of taps T, and T,. Movement of the pointer, P, was measured by 
means of a travelling microscope. The conditions and rate of heating were as in the former 
series. Although the two breaks in the curves below 100° were again realised, it was adequately 
confirmed in 8 expts. that there is no discontinuity in the dehydration of dihydrate above 
92° + 2°, the course of which is shown in the typical curve, Fig. 3, which summarises the results 
of the second and third series of expts. It must be concluded that the exceptions noted above 
were due to exptl. deficiencies in the particular runs. 


Hackspill and Kiefer (/oc. cit.) showed that discontinuities in these curves represented 
the transition of hydrates, and, knowing the volume of the apparatus and the weight of 
dihydrate taken, it was possible to calculate approximately the composition of the solid 
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in the reaction vessel. The first discontinuity is the end of a period of gradual change with 
rise of temperature and probably indicates a change of phase—such as a polymorphic 
change in the dihydrate—which, however, has not been a subject of the present investigation. 
The material in the reaction vessel at 92° + 2° has approximately the composition of the 
hemihydrate. Between 73° + 2° and 92° + 2° the dihydrate is dehydrated to hemi- 
hydrate. Since there is no discontinuity in the pressure-temperature curve above 92° + 
2°, 2.e., when hemihydrate is being converted into anhydrous salt, this is evidence that the 
hemihydrate is not a hydrate of calcium sulphate in the ordinary sense. These results 
indicate that the water in the hemihydrate is zeolitically held and is not true water of 
crystallisation. This view of the nature of the hemihydrate has also been expressed by 
Linck and Jung (Z. anorg. Chem., 1924, 187, 413) and by Krausz and Jérns (Tonind.-Zig., 
1930, 54, 1467). In this connexion it is significant that the molecular volumes of hemi- 
hydrate and its dehydration product, calculated from the values of the densities determined 
by Linck and Jung (loc. cit.), are the same. On the other hand, no evidence of the new 
kind of dehydration referred to by Balarew (Kolloid. Z., 1929, 48, 63) as “ zeolitic-hydratic 
dehydration ’’ has been found. No period of gradual change has been observed in the 
dehydration of hemihydrate, which has been shown by several investigators to take place 
readily at low pressures. The two discontinuities in the pressure-temperature curve 
indicate that the dehydration of the dihydrate proceeds via the hemihydrate, and the 
question of the metastability of the hemihydrate raised by van ’t Hoff and his co-workers 
(“‘ Ozeanische Saltzablagerung,” Leipzig, 1912) to explain the anomaly of the transition 
temperatures in the two systems, dihydrate-soluble anhydrite-water (89°) and dihydrate— 
hemihydrate—water (107°), does not arise. It is suggested that the temperature, 89°, 
quoted for the first system is, in fact, that of the system dihydrate-hemihydrate—water. 

In the present work we have not been concerned with the question of the existence of 
different forms of the hydrates or anhydrous forms of calcium sulphate (cf. Balarew, Joc. 
cit., and Jung, Z. anorg. Chem., 1925, 142, 73; see also Grengg, Z. anorg. Chem., 1914, 
90, 327). 

The conclusions from our experiments are : (1) Calcium sulphate dihydrate has a period 
of gradual change up to 73° + 2°. (2) The dihydrate is dehydrated to hemihydrate between 
73° + 2° and 92° + 2°. (3) The water in the hemihydrate is conveniently described as 
“ zeolitic.”” (4) Dehydration of dihydrate proceeds via the hemihydrate to anhydrite. 


This work has been carried out under the auspices of the Dental Investigation Committee 
of the Department of Scientific and Industrial Research, the funds being provided by the 
Dental Board of Great Britain and Ireland. The authors are also particularly indebted to Dr. 
J. J. Fox for his help and interest in the work. 
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161. The Structure of Theophylline |-Arabinoside. 
By Joun PryDE and R. TECwyNn WILLIAMs. 


INVESTIGATIONS in progress in this laboratory on nucleic acids and naturally occurring 
nucleosides necessitated the synthesis of a purine pentoside. Theophylline arabinoside 
was selected on account of the stability of its purine residue. It was synthesised by the 
general method used for the synthesis of nucleosides, following the method of Helferich and 
Kiihlewein (Ber., 1920, 53, 17). 

The nucleoside was methylated with silver oxide and methyl iodide to give trimethyl 
theophylline |-arabinoside, which was isolated without difficulty in a crystalline state. The 
fully methylated arabinoside (III) was oxidised with nitric acid. The purine residue was 
isolated as mononitrotheophylline, (C;H,0,N,4°NO,).,H,O. No previous reference has been 
found in the literature to nitrotheophylline, although a nitrotheobromine has been prepared 
by Brunner and Leins (Ber., 1897, 30, 2584) as a bright yellow, microcrystalline powder, 
m. p. 270°. The new compound is probably 8-mononitrotheophylline, m. p. 275°. The 
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sugar residue was isolated as d-arabotrimethoxyglutaric acid (IV) and converted into the 
dimethyl ester for purposes of purification, and finally into the crystalline d-arabotri- 
methoxyglutardiamide (Hirst and Avery, J., 1929, 2466). Thus the presence of a pyranose 
sugar residue is established. This result obviously implies that the triacetyl arabinosidyl 
bromide (II) used in the initial synthesis is also a pyranoid compound. There remains to 


. ca MeN—CO 0,H 
MeN—CO BrCH o¢ a. HC-OMe 
H¢-OAc } MeN—C—N7“H HC-OMe MeO-CH 





0 i) Seu AcO-CH MeOH 9 MeOCH 
whe AcO*GH a CO,H 
HC c—— 
(1) (r,) qn) av.) 


be considered the position of attachment of the sugar residue to the theophylline molecule. 
In silver theophylline (I) the silver is attached to position 7, since Kossel (Z. physiol. Chem.., 
1889, 13, 304) has shown that silver theophylline reacts with methyl iodide to give caffeine, 
and caffeine is shown by synthesis to be 2 : 6-dioxy-1 : 3 : 7-trimethylpurine (Fischer, Ber., 
1897, 30, 559). In the same way, it may be argued that the arabinose residue is attached 
to position 7, since triacetyl arabinosidyl bromide reacts with silver theophylline with 
elimination of silver bromide, giving triacetyl theophylline 7-arabinoside. Further, since 
acetyl glycosidyl bromides yield B-condensation products under the conditions employed, 
theophylline arabinoside may be described as 2: 6-dioxy-1 : 3-dimethylpurine-(7)-f-1- 
arabopyranoside. 
EXPERIMENTAL. 


Triacetyl arabinosidyl bromide was prepared according to the method of Meisenheimer and 
Jung (Ber., 1927, 60, 1463), m. p. 126°; silver theophylline, according to Kossel (/oc. cit.) (Found : 
Ag, 37-4. Calc. for C,H,O,N,Ag: Ag, 37-6%); triacetyl theophylline arabinoside, according 
to Helferich and Kihlewein (loc. cit.) (m. p. 214—216°, and [a]? + 42-1°, c = 0-605, in CHCI,) ; 
and theophylline arabinoside, according to Helferich and Kiihlewein (loc. cit.). The last workers 
quote m. p. 276—277°, but in this investigation 282—284° was recorded ; [«]}7;, +39-9°, c = 0-74, 
in H,O. 

Methylation of Theophylline Avabinoside. Isolation of Trimethyl Theophylline 1-Arabinoside. 
—Theophylline arabinoside (1-15 g.) was dissolved in 20 c.c. of MeOH and 15 c.c. of MeI and 
methylated in the usual way with Ag,O. Three methylations with fresh Ag,O and Mel were 
necessary to bring the methoxyl content to the theoretical value. Extraction of the AgI 
residues was made in each case with MeOH. The crude crystals obtained from the third methy]l- 
ation were recrystallised from Et,O and long, colourless, prismatic needles were obtained (1 g.), 
m. p. 125°, [a]!%, + 61-97°, c = 0-355, in H,O (Found: OMe, 26-2; N, 15:5. C,5;H,.0,N, 
requires OMe, 26-3; N, 15°8%). Tvimethyl theophylline arabinoside is easily sol. in EtOH, 
MeOH and Mel, less sol. in H,O and cold Et,O. It is non-reducing and gives a positive reaction 
with Bial’s reagent for pentose. 

Simultaneous Hydrolysis and Oxidation of Trimethyl Theophylline Avabinoside. Isolation of 
Methyl d-A rabotrimethoxyglutarate—The arabinoside (0-8 g.) was heated for 9} hr. with 30 c.c. 
of HNO, (d 1-2) at 80°. Slight evolution of gas was observed during the oxidation, and the 
resulting solution had a bright greenish-yellow colour. After the addition of an equal vol. of 
H,O, a small amount of a yellow cryst. ppt. was formed on cooling; this was filtered off and 
examined (vide infra). HNO, was removed from the filtrate by continuous distillation with 
H,O under diminished press. at 40° according to the method of Hirst and Purves (J., 1923, 123, 
1356). After about 2 1. of H,O had distilled, the aq. solution was concentrated in vac. at 40° 
to a pale yellow syrup strongly acid in reaction. This was taken up in MeOH, and the solution 
again concentrated under reduced press. to remove the last traces of H,O. The resulting pale 
yellow viscous syrup was refluxed for 6 hr. with 30 c.c. of MeOH containing 3% HCl. The 
solution was then made neutral with Ag,CO, and dehydrated by standing overnight over 
anhydrous Na,SO,. After filtration and further extraction of the residues with MeOH, the 
solvent was removed at 40° under reduced press. The resulting syrup, however, still contained 
silver salts and these were precipitated by addition of Et,O and separated by filtration. Finally 
the Et,O was evaporated, and the syrup concentrated and dried in vac. The final syrup (0-4 g.) 
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was then distilled in a high vac. and a water-clear mobile product distilled at a bath temper- 
ature of 131°/4 mm. The main fraction consisted of pure methyl d-arabotrimethoxyglutarate 
and had constants in agreement with those given by Hirst and Avery (loc. cit.), nj3" 1-4398, n3\° 
1-4374; [a}}§, + 47-2° (c = 0-74°) in MeOH. [a]p + 40° (calc. from [«];,.,) (Hirst and Avery 
quote uj” 1-4363, [«]p = + 40° in MeOH) (Found: OMe, 58-1. Calc. for CyjgH,,0,: OMe, 
62-0%). 

Isolation and Identification of d-Avabotrimethoxyglutardiamide.—The ester (0-25 g.) was 
dissolved in 5 c.c. of MeOH, and the solution saturated with NH, at 0°. The solution turned 
light brown and very small prismatic needles were deposited over a period of 3 weeks and a 
further quantity was obtained on evaporation of the solution. The crystals were recrystallised 
from MeOH and identified as d-arabotrimethoxyglutardiamide (cf. Hirst and Avery, loc. cit.), 
m. p. 232°; [a]2%, + 60°, c = 0-45, in H,O; [a]p + 50-8° (calc.) (Hirst and Avery quote m. p. 
232—233° and [«]) + 50° in H,O) (Found: N, 12-9; OMe, 42-3. Calc. for CsH,,0;N,: N, 
12-7; OMe, 42-3%). 

Isolation of the Purine Residue : Mononitrotheophylline.—The yellow ppt. which separated 
immediately after completion of the oxidation was twice recrystallised from hot H,O and 
obtained as very long, fine, dark yellow needles, m. p. 275° to a dark red liquid. It gave a 
positive murexide test and analysis showed it to be a mononitrotheophylline with half a mol. of 
water of crystn. [Found: C, 36-3; H, 3-4; N, 29-9. (C,H,O,N,*NO,),,H,O requires C, 35-9; 
H, 3-4; N, 29:9%]. 


The cost of this work was in part defrayed by a grant from the Medical Research Council. 
One of us (R. T. W.) is indebted to the Council for a maintenance grant. 
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162. New Derivatives of Hydroxymethoxysuccinic and Methoxymalonic 
Acids. 


By JoHN PRYDE and R. TECWYN WILLIAMS. 


AN investigation of the structure of glucurone (the lactone of glucuronic acid) indicates 
that one product of the oxidation of trimethyl glucurone and trimethyl glucuralone (Pryde 
and Williams, Nature, 1931, 128, 187; 1933, 131, 57) is d-a-hydroxy-§-methoxysuccinic 
acid. Another possible oxidation product is methoxymalonic acid. Hydroxymethoxy- 
succinic acid has been prepared by Haworth (J., 1915, 107, 15) by methylation of tartaric 
acid with methyl sulphate and alkali. Convenient crystalline reference compounds of 
this acid are d-a-hydroxy-B-methoxysuccindiamide, m. p. 190—191°, [«]54g, + 129-6° in water, 
and d-«-hydroxy-B-methoxysuccinomethylamide, m. p. 129°, [a]54g, + 167-4° in water. Methyl 
d-«-hydroxy-B-methoxysuccinate has nj; 1-4450, and [«];4g, + 48-1° in methyl alcohol. 
Haworth (loc. cit.) has pointed out that the specific rotation of hydroxymethoxysuccinic 
acid is the mean of the values recorded for tartaric acid and dimethoxysuccinic acid. The 
new data here recorded enable us to extend this generalisation to the corresponding methyl 
esters, amides, and methylamides. These are tabulated below. 
The optical relations of d-tartaric, d-dimethoxysuccinic, and d-hydroxymethoxysuccinic acids. 





COR CO-R COR 
A HOCH B MeO-(H A HOCH 
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H¢-OH H¢-OMe H¢-OMe 
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(1) (2) (3) 
If the rotation of (1) is 2A and of (2) is 2B, then the rotation of (3) is (A + B) or the mean 
of the rotations of (1) and (2). 


Acids. [a]p found. A + B calc. Dimethyl esters. [a]p found. A + Beale. 
1 +15°52° -- 1 + 2°16° _— 
2 +76°63 2 +81 


3 4-45°5 4-45°6° 3 441 4-41°58° 
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Diamides. [a]p found. A + Beale. Methylamides. [a]p found. A + Beale, 
1 +111°8° — 1 +144:7° — 
2 + 95 - 2 +132°6 _ 
3 +109°8 +103°4° 3 +141°9 +138°7° 


All rotations are for the substances in aqueous solution except the methyl esters, which 
are in methyl-alcoholic solution. 

References : Acids. (1) Landolt, Ber., 1873, 6, 1075; (2) Purdie and Irvine, J., 1901, 
79, 962; (3) Haworth, loc. cit. Esters. (1) Richter, ‘‘ Org. Chem.,” Vol. 1, p. 604, 1919; 
(2) Hirst, J., 1926, 350. Amides. (1) Clough, J., 1914, 105, 60; (2) Haworth, Hirst, and 
Miller, J., 1927, 2436. Methylamides. (1) Frankland and Slator, J., 1903, 83, 1360; (2) 
Haworth and Jones, J., 1927, 2349. 

Several unsuccessful attempts to prepare methoxymalonic acid have been made. One 
of these methods, the methylation of tartronic acid (I) with silver oxide and methy] iodide, 
yielded methyl «B-dimethoxyethane-aaBB-tetracarboxylate (II), from which it appears that 
in this instance silver oxide has brought about a condensation of the Wislicenus type : 


CO,H ¢O,Me (€O,Me 
(I.) CGH-OH MeO-C————€OMe _ IL.) 
CO,H CO,Me CO,Me 


The only alkoxy-derivative of malonic acid of the type RO*CH(CO,H), that has been 
prepared is ethoxymalonic acid, EtO*CH(CO,H), (Wislicenus and Munzesheimer, Ber., 
1898, 31, 552), which was obtained crystalline, m. p. 123—125°, from ethoxyoxalacetic 
ester. Further attempts to prepare methoxymalonic acid are in progress. 


EXPERIMENTAL. 


Methyl d-a-Hydroxy-B-methoxysuccinate—A solution of hydroxymethoxysuccinic acid 
(Haworth, Joc. cit., [«]54g, + 51-66°, c = 0-87) (3 g.) in 30 c.c. of dry MeOH containing 4% HCl 
was boiled under reflux for 6 hr. and then neutralised with Ag,CO,, MeOH was removed from 
the filtered liquid under diminished press., and the resulting syrup distilled in a high vac. The 
estey was thus obtained as a colourless viscous liquid, b. p. 119—122°/1-6 mm., nj” 1-4450, [oJ 
+ 48-1° (c = 0-988 in MeOH) (Found: OMe, 47-7. C,H,,0, requires OMe, 48-45%). 

d-a-Hydroxy-B-methoxysuccindiamide.—A solution of the ester (1 g.) in 10 c.c. of dry MeOH 
was saturated with dry NH, at 0° and then kept at room temp. for 19 hr. The stout colourless 
needles obtained (0-675 g.; 80% of theo. amount) were washed with Et,O containing a little 
MeOH;; they had m. p. 190—191° (to a bright yellow melt), [«]!§;, + 129-6° (c = 1-103 in H,O) 
(Found: C, 36-6; H, 6-15; N, 17-3; OMe, 19-3. C;H,90,N, requires C, 37-0; H, 6-2; N, 
17-3; OMe, 19-1%). 

d-a-Hydroxy-B-methoxysuccinomethylamide.—The ester (0-6 g.) was dissolved in 6-5 c.c. of 
a sat. solution of dry NH,Me in MeOH and kept for 11 days at room temp.; the solution was 
then concentrated to a syrup, which deposited crystals when Et,O was added. The mixture 
of syrup and crystals was taken up in MeOH and Et,O, and further addition of Et,O caused a 
slight pptn. It was then set aside to crystallise in a warm place. The methylamide separated 
in clusters of closely-set fine needles, m. p. 129° forming a clear melt without decomp., [«]}%;, 
+ 167-4° (c = 0-675 in H,O) (Found: C, 44:0; H, 7-4; N, 14-8. C,H,,0,N, requires C, 44-2; 
H, 7-4; N, 147%). 

Preparation of Hydroxymalonic (Tartronic) Acid.—This acid was prepared from dihydroxy- 
tartaric acid (cf. Fenton, J., 1898, 73; 73). Dihydroxytartaric acid (5 g.) was dissolved in the 
minimum quantity of H,O, and the solution heated at 80° until the evolution of CO, had ceased. 
On cooling, the product formed a cryst. mass. It was triturated several times with dry Et,O, 
whereby coloured impurities and unchanged dihydroxytartaric acid were removed. The 
residue of pure tartronic acid, after drying in warm air, had m. p. 152—155° (cf. Behrend and 
Priisse, Annalen, 1918, 416, 233). 

Methylation of Hydroxymalonic Acid. Isolation of Methyl aB-Dimethoxyethane-aaBB-tetra- 
carboxylate.—Tartronic acid (2 g.) was dissolved in the minimum quantity of dry MeOH, and 
the solution mixed with 10 g. of dry Ag,O and lic.c. of MeI. After 12 hr. the liquid was filtered 
and the residues were extracted with MeOH. From the united filtrate and extracts, MeOH 
was removed in vac., and the resulting syrup was methylated under reflux at 45—50° with 
10 g. of Ag,O and 15c.c. of MeI. After 8 hrs.’ methylation, the residue was extracted several 
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times with MeOH, filtered, and concentrated in vac. to a viscous water-clear syrup, which 
crystallised completely on standing over-night in the refrigerator. The crystals formed large, 
flat, elongated prisms and after thorough washing with Et,O, or recrystn. from hot H,O, had 
m. p. 76° (Found: C, 44-7; H, 5-6; OMe, 56-3. C,,H,,0,9 requires C, 44:7; H, 5-6; OMe, 
57-8%). 


A grant from the Medical Research Council is gratefully acknowledged, and one of us (R. T. W.) 
is indebted to the Council for a maintenance grant. 
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163. The Lupin Alkaloids. Part VII. The Structure of 
Inpanine and Sparteine. 


By G. R. CLEmMo and R. RAPER. 


THROUGH the kindness of Dr. H. R. Ing we have discussed with him his new work and 
conclusions on anagyrine (this vol., p. 504) and now wish to submit formula (I) to represent 
sparteine, and its 2-keto-derivative for lupanine. The fact that tetra- and hexa-hydro- 
anagyrine have been shown by Ing (loc. cit.) to be identical with /-lupanine and d-sparteine 
respectively, combined with the suggested relationship of the former compounds to cytisine, 
indicates that cytisine and the lupin alkaloids possess structural similarity. 


sCH, CH a. ; . ~. 
Rin 8 
«CH °CH 8 H, "CH, H, CH 


GH, qe 
(I.) = ZN yan x Q an ~~ (II.) 
Z 4 
C wf, Xft wCH, CH, CH, Hf SHMe 
wCH, uCH, CH,—CH, 
CH, 


Adopting the formula suggested for cytisine (J., 1932, 2778), it is possible, by attaching a 
tetramethylene chain so as to form a new piperidine ring, to obtain structure (I) with two 
fused octahydropyridocoline systems. 

Formula (II), which contains the skeleton favoured by Ing for anagyrine, is a slight 
variation of this, and would clearly account for the recorded observations that decomposition 
products of the lupin alkaloids give pyrrole-like colour reactions. It would, moreover, 
indicate two structurally isomeric monomethiodides for sparteine, whereas the evidence 
points to their being stereoisomerides. 

We have found, however, that the products of distillation of cytisine with zinc dust give 
pyrrole-type colour reactions, thus indicating the production of a 5-membered ring and 
making it unnecessary to postulate one preformed as in (II). 

On the assumption, therefore, that formula (I) represents sparteine, the keto-group 
of lupanine is at C, as in cytisine, and it is then possible to account for the degradative 
results obtained in the study of these alkaloids. 

Thus the keto-group of oxysparteine and the second keto-group of oxylupanine is prob- 
ably at C,, rather than Ci» or Cy. If it were at C9, the baryta hydrolysis of substance 
“A,” Cy5Ho03N¢ (J., 1931, 3193), would not yield a product containing two nitrogen atoms. 
If it were at Cg, active ketonic properties would be expected. The fact that there is no 
methylene group next to this CO also receives an explanation. The further oxidation of 
oxylupanine to “‘ A ’’ results in the conversion of the hydrogen atom attached to C, into a 
tertiary hydroxyl group; the product, on baryta hydrolysis, splits out carbon atoms C, to 
C, as glutaric acid. The isomeric substance “‘ B”’ (loc. cit.) would then probably be the 
corresponding 1l-carbinol. The essential difference between formula (I) and those advanced 
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by Karrer and co-workers for sparteine (Helv. Chim. Acta, 1928, 11, 1068) lies in the attach- 
ment of C,, to Cy. 

An examination of the model of the strain-free structure (I) leads to the striking con- 
clusion that if, of the numerous possible arrangements, the octahydropyridocoline systems 
are both trans and if the C,-C, bridge is cis with respect to the hydrogen atoms attached to 
C, and C,,, the system is locked with the nitrogen atoms so situated that steric hindrance 
would account for the remarkable and hitherto inexplicable fact that sparteine gives only a 





monomethiodide (see photograph). This formula involves the possibility that the CH,;OH 
group of lupinine may possibly be attached to Cy, whilst, if (II) were correct, lupinine might 
be a derivative of 2-methyloctahydropyrrocoline. 

The ¢vans-arrangement of rings agrees with the similar configuration claimed by other 
workers for natural products such as cestrin. Experimental work to confirm these con- 
clusions is now in progress. The attachment of a N-methylenepiperidine complex to 
carbon atoms 3 and 5 leads to a possible formula for the alkaloid porphyrine, C,,H,;O.N3 
(cf. Hesse, Annalen, Supp. 442). 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, April 4th, 1933.] 





164. The Limiting Conductivities of Salts in Non-aqueous Solvents. 
By Ceci, W. Davies. 


WHEN Onsager’s equation is compared with the results of conductivity measurements in 
dilute non-aqueous solutions, it is usually found that the slope of the experimental con- 
ductivity curve is greater than that predicted, although the agreement sometimes improves 
at the lowest concentrations. This behaviour can be explained by supposing that ion- 
pairs are present at finite concentrations, the relative number of these being governed by a 
mass-action equilibrium. To study the consequences of this hypothesis, the appropriate 
value for the conductivity of the electrolyte at infinite dilution must be known, and the 
object of the present note is to describe a way of determining this constant, since 
Kohlrausch’s square-root method, which is usually employed for extrapolating the data, 
is obviously incompatible with the postulation of partial association. 
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The dissociation of a binary electrolyte is governed by the expression f?«2C /(1 — «) =K, 
where f is the mean ion activity coefficient, « the degree of dissociation at concentration 
C (g.-mols./l.), and K the dissociation constant. If Ag is a “corrected” conductivity, 
defined by the equation « =Aa/Ag, the mass-action expression becomes f#A*,C /Ag(Ag — Aa) = 
K, or f#AaC = KA,?/Aa — KAg. Thisis equivalent to the Kraus transposition of Ostwald’s 
dilution law except that it contains the two corrections required by the interionic attraction 
theory. In sufficiently dilute solutions, the Onsager and the Debye—Hiickel equation 
can be used to calculate respectively the mobility change and the activity coefficient ; 
and as an approximation, when the degree of association is not high, the two correction 
terms can be calculated as if the ionic concentration were equal to the total concentration. 
The activity coefficient is therefore calculated from the equation — log f = AC*, where A 
is the limiting Debye—Hiickel slope. Similarly, from the equations A/(Ay — bC*) = 
a = Aa/Ay, where } is the Onsager slope, it follows that Aa = A + AbC*/(A, — 0C'); if 
the degree of association is not high, Aa = A + bC*; 6 can be determined with sufficient 
accuracy from an approximate Ay value. These calculated values being used, f*AaC is 
plotted against 1/Ac, and the resultant straight line when extrapolated to zero concentration 
gives 1/Ap. 

Obviously the approximation made in this derivation, that the ionic is equal to the total 
concentration, will lead to errors that are greater the weaker the electrolyte, but these do 
not seriously affect the Ay value derived owing to a compensation of errors. In calculating 
f?AaC, the value taken for /? is too low and that for Ac is too high by almost as great a propor- 
tion. The term 1/Aq is also slightly too low, since A is over-corrected, but the error is 
practically proportional to the value of f*AaC so long as the degree of association is not very 
high. The correct limiting value is obtained by extrapolation so long as the method is 
limited to data for which the degree of dissociation is greater than 70% (in solvents of very 
low dielectric constant the permissible range will be more restricted) ; for weaker electrolytes, 
the true Ag value may be obtained by carrying out a second approximation in which the 
approximate value of «C is substituted for C in the equations. The graph obtained should 
not be used to estimate K, since its slope will not be exactly that required by the theoretical 
equation. 

The methods of extrapolation that have been used in recent work are those of Kohlrausch 
and of Ferguson and Vogel, and an approximate method of plotting the conductivity 
against the two-thirds power of the concentration. There is no object in comparing these 
methods with the new, since all rest on different assumptions and naturally lead to different 
values. It is often claimed that a purely empirical method of extrapolation is superior 
to one based on preconceptions as to the behaviour of the system investigated, but this is 
illogical; in both cases the value derived may be right or wrong, and the only respect in 
which the empirical method gains in expediency is that it is the less easily discredited, if 
wrong. Onsager, however, has suggested (Phystkal. Z., 1927, 28, 277) a method resting on 
similar grounds to the one now proposed, and a comparison of the two is of value. Onsager’s 
method is the easier to apply, but, as will be shown, it involves such extensive approximations 
as to be applicable only to very highly dissociated electrolytes. 

There are two ways in which the new method can be tested. First, a correct extrapolation 
method must satisfy the law of the independent migration of ions; if, therefore, the method 
gives additive Ay values where the older methods failed, this supports the underlying 
assumption of an equilibrium between molecules that do not conduct and ions for which 
the limiting Debye—Onsager equations are valid. Secondly, the Ay value obtained can be 
used to calculate from each measured conductivity the corresponding value of K, and the 
degree of constancy of these will show to what extent the graphical method fulfils its 
function, 7.e., what errors are introduced by the approximations. First, we shall apply the 
method to aqueous solutions for which the true A, values are already known, 

Todic acid in water at 25°. Kraus and Parker’s figures (J. Amer. Chem. Soc., 1922, 44, 
2429) show that there is little association (< 0-03%) in the range of concentration (< 0-002) 
for which Onsager’s equation is valid. Both the new method and Onsager’s method give 
Ag = 391-1,, in agreement with the value calculated from the mobilities (390-9 + 0-3). 

o-Nitrobenzoic acid in water at 25°. This is a much weaker electrolyte. Kendall’s 
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data (J., 1912, 101, 1275) from 0-001N to 0-016N were used, and for these the degree of 
dissociation varies from 88% to 47%. The line obtained showed curvature at degrees of 
dissociation less than 60% but at lower concentrations the straight line led to Ay = 384-5. 
The value calculated from the mobilities is 383-5. For this electrolyte Onsager’s method 
fails to yield a straight line, the square-root method leads to a value well over 400, and Kraus’s 
method for weak electrolytes (J. Amer. Chem. Soc., 1913, 35, 1315) gives Ay = 379-1. 
For an electrolyte of this strength, the new method is the most satisfactory, though for 
accurate work it would be better to carry out the second approximation. 

Silver nitrate in methyl alcohol at 25°. Methyl alcohol is the only solvent apart from 
water in which Ay values can be checked by independently determined mobilities. Applic- 
ation of the method to Frazer and Hartley’s figures for silver nitrate (Proc. Roy. Soc., 1925, 
A, 109, 351) yields the value Ay = 111-0, whereas the value obtained by the square-root 
method was 112-95. That the first of these is correct is shown by the further measurements 
of Copley and Hartley (J., 1930, 2488) on silver perchlorate. This salt is completely dis- 
sociated, and the square-root method is therefore applicable; it yields 50-3 for the mobility 
of the silver ion, and combination of this with Frazer and Hartley’s value 60-8 for the nitrate 
ion gives 111-1 for the theoretical limiting conductivity of silver nitrate. Onsager’s method 
for this salt gives Ag = 110-5, which is certainly too low. 

Benzonitrile solutions. In his work on salts in benzonitrile (J., 1928, 3270), Martin 
used two methods of extrapolation, the square-root method and that of Ferguson and Vogel, 
and with the aid of the Ag values so obtained he determined the dissociation constants of 
his salts on the basis of the Debye—Onsager equations. His results for two salts are as 
follows : 


K x 10° at dilution (litres) : 


Salt. 20,000. 10,000. 5,000. 2,000. 1,000. 
Ei esensntsetianannne 16 13 11 9 9 
I daiiincisteehteonisiiaannns 0°31 0°36 0°40 0°40 0-40 


There is a pronounced drift in the values at the lowest concentrations, as would be ex- 
pected if erroneous A, values had been used. Moreover, the variation in each case is in the 
expected direction, since the square-root method used for silver nitrate gives, for incom- 
pletely dissociated electrolytes, Ay values that are too high and consequently K values 
that fall off with decreasing concentration, whilst the Ferguson and Vogel method, used 
for potassium iodide, will normally have the reverse effect. 

The new method applied to potassium iodide gives Ay = 51-31, as compared with 
52-12 from the square-root rule and 51-11 by Ferguson and Vogel’s method. The subsequent 
calculation of the dissociation constant is shown in the following table, in which A represents 
the measured conductivity at dilution v litres, « is the calculated degree of dissociation, 
and K the true dissociation constant. The constancy is extremely good in view of the high 
dilutions. 

Potassium iodide in benzonitrile; A, = 51-31. 


W : swanhadscaneiesabeias 39,186 14,774 8,806 4,543 3,256 1,185 
Mh she sicnncascinensienes 50°45 49°70 49°29 48°30 47°60 44°40 
Oh. ctisannsemensansces 0°996 0°991 0°989 0°980 0°973 0°936 
BEM BP svecsceseses 6 6°5 8°8 8°9 8°6 8-2 


For silver nitrate, the Ferguson—-Vogel method is inapplicable, the square-root extra- 
polation gives Ay = 52-18, and the new value is 50-20. The dissociation constant is 
recalculated below : 

Silver nitrate in benzonitrile; Ay = 50-20. 


GD kcconssctqeccoveussiacsasetes 41,278 21,972 11,680 7,559 3,276 
Mi wisancscesrecsccsessossocsetes 47°28 45°79 42°88 40°17 34°72 

B. shicxeccnscsssstesonssseancanes 0°954 0-929 0°8750 0°8240 0°7213 
EX 1D o.ncccccccscccsvccees 0°45 0°51 0°472 0°449 0°475 


The agreement again is very good for this much weaker electrolyte, showing that the 
extrapolation method satisfactorily fulfils its purpose. Onsager’s graphical method for 
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this salt gives Ay = 49-52, K x 10® = 0-79; this K value is far too high, since the drastic 
approximations of Onsager’s method make it unsuitable for so weak a salt. 

The method described in this paper has been applied during the last two years to 
numerous conductivity measurements, and it is hoped shortly to present the results. 


BATTERSEA POLYTECHNIC, LonpDon, S.W. 11. [Received, March 4th, 1933.] 





165. Further Studies on the Formation of Oxynitrates of Lead in 
Molten Salts. 


By DorotHy FREEMAN, K. LAyBourN, and W. M. MapscIn. 


Ir has previously been shown (Laybourn and Madgin, J., 1932, 1360) that by dissolving 
litharge in a molten mixture of lead and potassium nitrates, the compound PbO,2Pb(NO,), 
could be prepared; and that a new compound, Pb,O0,,3Pb(NO,), could similarly be 
obtained from red lead. 

It was thought that more exact information concerning the latter compound might be 
obtained from a study of the three-component system Pb,0O,-Pb(NO,).-KNOsg, including 
an examination of the form of the liquidus surface and an investigation of solidus—liquidus 
equilibria (compare Laybourn and Madgin, J., 1932, 2582). In the course of the chemical 
analyses involved, an interesting geometrical property of the ternary diagram has appeared 
which is of general application to three-component systems in which the determination 
of two of the components individually is difficult. 

Lead dioxide has not been used hitherto in synthesising oxynitrates, and its behaviour 
in this respect has been examined. It has been found to yield lead dioxydinitrate, 
PbO,,Pb(NOs)>. 

System Pb,O,-Pb(NO;),-KNO,.—Only a small portion of the liquidus surface could be 
determined on account of the low solubility of Pb,O, in KNO,—Pb(NO,), melts, and the decomp. 
of melts containing high concns. of Pb(NO,),._ F. p. isotherms were deduced from over 100 
f. p.’s measured for ternary mixtures lying within the area ABC (Fig. 1). In determining these 
f. p.’s, binary fused mixtures of KNO, with Pb(NO,), were prepared and known amounts of 
Pb,O, added, with mechanical stirring; after each addition the f. p. was determined. 

That part of the liquidus surface which can be investigated (Fig. 1) shows one eutectic 
trough and indicates that the solid phases first separating are either KNO, or Pb(NO,),; it is 
therefore impossible to determine the compn. of the oxynitrate present in solution by this means. 

This was confirmed by analysis of coexisting solid and liquid phases in several ternary 
mixtures. Determination of Pb,O, in the nitrate-containing phases by available O content 
was not satisfactory, and the complete analyses were effected by determinations of only K 
(as KCIO,) and total Pb (as PbCrO,). The calculation of the phase compositions from such data 
is much simplified by the use of the following geometrical construction which we have devised. 

The ternary system is represented in Fig. 2 by an equilateral triangle of side 100 units. The 
corner A represents 100% KNO;, B represents 100% Pb(NO;)., and C 100% Pb,O,. <A binary 
mixture of KNO, (0% Pb) and Pb(NO,), (62-56% Pb) containing X% Pb is represented by a 
point X, on the side AB such that AX,=100X/62-56. Similarly a binary mixture of KNO, 
and Pb,O, (90-65% Pb) which contains X% Pb is represented by X, on AC, where AX,= 
100X /90-65. We find that all points on X,X, represent mixtures containing X% total Pb; 
this is proved in the following manner. 

Consider a three-component system A, B, C, in which A, B, and C contain respectively 
fractions x, y, and z of an element or radical, R. Take any point P, in the ternary diagram 
ABC (Fig. 3) with co-ordinates a,, b,, c,; the amount of R in the substance represented by 
P, is xa,+yb,+2c, = K. Let P, (aq, by, cz) be another point also containing an amount K 
of R; then xa, + yb, + 2c, = K. Then, if P (a, b, c) is any point on the straight line joining 
P, with P,, it can be shown that the substance represented by P also contains an amount K of 
R, i.¢., a + yb + 2c = K. For, let P divide P,P, in the ratio «:8; then 

_ a = PM = («P,M, + BP,M,)/(« + 8) = (aa, + Ba,)/(a + 8); 
similarly b = (ab, + Bb;)/(% + 8); 
and C = (aC, + Be,)/(~ + B). 
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Therefore, 
xa + yb + 2¢ = [x(adg + Bay) + y(aby + Bb,) + 2(acy + Be,)]/(~ + B) 
= [a(xva_ + ybe + 20g) + B(xay + yby + 2¢,))/(% + B) 
= (aK + BK)/(a + 8) = K. 


This holds for all values of (a, b, c) on the line P,P,, and thus all points on this line have the 
same content of R, 7.e., K. 

This theorem has been applied in the foregoing investigations in the particular case where 
x = 0; it could be applied to any ternary system in which the same radical occurs in two or 
three of the components. 


Fic. 1. Fic, 2. 


80% KNO3 KNOs (07, P6) 
20% POIMOs)e A 
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85 %oP6(N03)2 52-5%P6(NO J2 
32:5%Pb30,, 5 M, M Mp C 
Fic. 1.—Freezing-point isotherms and conjugation lines Fic. 3. 


in the ternary system PbsO,-Pb(NO3;),.-KNO,. 


In any ternary mixture there will be an amount of KNO, (a%) corresponding to the X% 
total Pb, and all mixtures containing a% KNO, lie along the line a,a,, which is parallel to BC 
and at a perpendicular distance a from it. The co-ordinates (a, b, c) of the point of intersection. 
of a,a, and X,X, give the percentages of KNO,;, Pb(NO )., and Pb,O, in the ternary mixture 
containing a% KNO, and X% total Pb. 

The analytical results of solid- and liquid-phase expts. are given below, and the corresponding 
conjugation lines are shown in Fig. 1. 


_ KNO,, % ceesseseeees 52-60 37-02 40°51 30°10 24-05 
Liquid phase { Total'Pre panes 31-41 43°35 38°63 46°36 51-62 
; la 66-94 53-21 31°77 26°49 1910 
Solid phase { Toral’Pt? nia 21:96 32°25 43-80 48°19 54-04 
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Synthetic Experiments with Lead Dioxide —Pb(NO;), and KNO,, in eutectic proportions 
to afford melts of low f. p., were fused together in a 250-c.c. Pyrex-glass beaker heated elec- 
trically in a furnace lagged with asbestos and provided with observation windows. PbO, was 
added to a series of such melts with mechanical stirring. Dissolution was slow, but, when 
complete, clear emerald-green melts were obtained. The PbO, used was Kahlbaum’s (“ for 
analysis’’); less pure qualities gave yellow and slightly turbid solutions. The amount of 
PbO, was progressively increased in each melt, but only a comparatively small proportion 
could be dissolved before the solubility limit was reached. A melt containing equimol. pro- 
portions of PbO, and Pb(NO,), did not become clear even after 36 hrs.’ stirring at 340° [the 
highest temp. which could be used because of decomp. of Pb(NO;),], although a yellow deposit 
was formed in the liquid, presumably because the latter was saturated with oxynitrate (cf. 
Laybourn and Madgin, J., 1932, 1360). The clear emerald-green solutions were cooled in 
desiccators, powdered, and extracted with ice-cold H,O, whereupon a yellow solid remained. 
After being separated, washed with EtOH and Et,O, and dried, the yellow powder was analysed 
in terms of total Pb (as PbCrO,) and PbO, (available O determined by oxalate method). The 
compn. was found to be independent of the amount of PbO, used in preparing the melts (so 
long as clear melts were obtained), and the following results of typical analyses correspond to 
a compound of formula PbO,,Pb(NO,),, which requires total Pb, 72-62; PbO,, 41-94%. 

PEO, BH, BR MBE ccccccccccscncescccccococscces 2°5 ‘ 5:0 10°0 
PbO,, %, in COMPOUNA ...........serereeeceves 41-80 41°80 41°84 
Pb, %, im COMPOUNG ...........ceseeseeeeeeeees 72°40 72°56 72°50 

This lead dioxydinitrate is hydrolysed by boiling H,O : PbO,,Pb(NO,), + H,OQ == PbO, + 
Pb(OH)NO, + HNO;. The reaction is not complete even after several days, since the Pb 
content of the dark brown insol. residue never reaches that required for PbO,, but the aq. 
solution contains Pb(OH)NO, (Found: Pb, 72-35. Calc.: Pb, 72-38%), which crystallises in 
white needles. Hydrolysis occurs to some extent even at room temp. 

On treatment with dil. AcOH, the dioxydinitrate breaks down, Pb(NO,), going into solution 
and a residue of PbO, remaining. 


The composition of lead dioxydinitrate is of interest when compared with the two 
other oxynitrates prepared in molten KNO, (Laybourn and Madgin, Joc. cit.), viz., lead 
oxytetranitrate, PbO,2Pb(NO,),, and lead tetraoxyhexanitrate, Pb,O,,3Pb(NO3)., and 
presumably all of the residual valencies of these three compounds are saturated. It would 
therefore seem necessary to suppose that when 2 mols. of the oxytetranitrate and 1 mol. 
of the dioxydinitrate are united as in Pb,O,,3Pb(NO,)., 2 mols. of Pb(NO,), have been 
liberated in order to free the residual valencies necessary for the union. 


SUMMARY. 


1. The system Pb,O,-Pb(NO,),-KNO, has been investigated within limits set by 
decomposition and insolubility. A geometrical property of the ternary diagram has 
appeared which enables the compositions of the ternary mixtures to be found simply. 

2. PbO, has been dissolved in a melt of KNO, and Pb(NO;),; on extraction of the cold 
melt with ice-cold water, a yellow powder is obtained, lead dioxydinitrate, PbO,,Pb(NOs)2. 


ARMSTRONG COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE-UPON-TYNE. [Received, May 3rd, 1933.] 





166. The System Anthracene—Phenanthrene. 
By GERALD BRADLEY and J. K. MArRsu. 


ANTHRACENE and phenanthrene form mixed crystals and, as they are both recovered from 
tar distillate, the more soluble phenanthrene is not obtained pure and the m. p. recorded 
in the literature shows a wide range. 

Vignon (Bull. Soc. chim., 1891, 8, 387) reported that the addition of anthracene to 
phenanthrene continuously raised the apparent m. p. of the latter, but he determined 
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very few points on the m. p.—-composition curves of these substances and, as Miolati (Z. 
phystkal. Chem., 1892, 9, 653) showed, he had thus missed eutectics in other systems. 
Consequently the form of the anthracene—phenanthrene curve remained doubtful. Cohen 
and Cormier (J. Amer. Chem. Soc., 1930, 52, 4363) noted that the presence of more than 
2% of anthracene raises the m. p. of phenanthrene. Marsh and Capper (J., 1926, 726) 
could not separate the two substances by fractional crystallisation, but were able to do so 
by polymerising the anthracene with the light of a quartz mercury lamp. 

Liquidus-solidus curves now obtained for the anthracene—phenanthrene system indicate 
that a continuous series of mixed crystals is formed, and that the m. p. of pure phenanthrene 
is lower than previously recorded. The percentage of anthracene in phenanthrene may 


220° 








Temperature. 





0 10 50 60 80 100 
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be evaluated conveniently by a m. p. determination under the conditions described, in 
conjunction with the figure. 
EXPERIMENTAL. 


Anthracene was fractionally crystallised from C,H, till colourless, polymerised by Hg 
light in boiling C,H, solution, and depolymerised by subsequent boiling in darkness. The 
product melted at 218°. 

Phenanthrene was fractionally crystallised from EtOH. The middle fractions were then 
treated with Hg light to polymerise the anthracene (Capper and Marsh, Joc. cit.), but the former 
efficiency could not be attained. A quantity of material was finally prepared which contained 
0-56% of anthracene, as determined by measuring the strength of the anthracene bands in the 
region \A 3500—3800, where phenanthrene is diactinic. 

The m. p. and f. p. curves of phenanthrene with various proportions of anthracene were 
then investigated. The f. p.’s were determined by Isaac’s method (Proc. Roy. Soc., 1913, 205, 
88). The material was completely melted in closed glass tubes, and then cooled with a glass 
rod at one point to start crystn. The tubes were reinserted in a hot bath and the max. temp. 
was determined at which growth would continue. The same sealed tubes were used for deter- 
mining the m. p.’s. The mixtures in them were liquefied and then quickly cooled and left for 
at least 24 hr. Each m. p. was determined by holding the tube in the heating bath so that 
at the m. p. a trickle of fused substance would flow from the remaining solid. Several deter- 
minations of each f. p. and m. p. were made and consistency was usually within 0-2°. The 
results are recorded in the table and fig. The upper curve of the latter represents m. p. and the 
lower f. p. For pure phenanthrene the value of both is 97-3°, distinctly lower than in previous 
determinations. The prepn. of pure phenanthrene is very difficult : the best test for freedom 
from anthracene is the absence of visible fluorescence of a conc. solution in actinic light. 
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Composition, °% by wt. Composition, % by wt. 

Anthracene. Phenanthrene. F. p. M. p. Anthracene. Phenanthrene. F. p. M. p. 
0°56 99°44 98°3° 97°8° 27:1 72°9 145°4° 118°2° 
2°30 97°70 101-2 99°2 28°9 71:1 147°8 120°8 
3°13 96°87 102°6 100-0 36°4 63°4 159°4 126-2 
5°06 94°94 106-2 101-4 44°4 55°6 170°0 133°2 
5°82 94°18 106°8 102-0 58°5 41°5 186°4 147°8 
9°54 90°46 114°8 105°0 72°3 27°7 199°2 170°0 

117 88°3 119-2 107°2 81-2 18°8 204°8 182-2 
13°3 86°7 120°2 107°6 94°3 5°68 213-2 207°6 
20°5 79°5 134°0 113°5 100-0 0-00 218-0 218°0 

THE Str DoNALD CURRIE LABORATORIES, 

THE QUEEN’s UNIVERSITY OF BELFAST. [Received, May 15th, 1933.] 





167. The Electric Dipole Moments of Nickel Carbonyl, Di-iodo- 
acetylene, Diethyl Sulphide, Diethylsulphone, and Decalin. 


By L. E. Sutton, R. G. A. NEw, and J. BREEZE BENTLEY. 


THE moments of nickel carbonyl and di-iodoacetylene were determined in connexion with 
the problem of the constitution of bivalent carbon compounds; the former (already 
briefly communicated; Sutton and Bentley, Nature, 1932, 130, 314) in order to provide 
a further test of the Lewis-Langmuir structure for carbon monoxide, the latter in order 
to see whether or no the existence of an iso-form could be detected. 

The moment of diethylsulphone was determined in order to ascertain whether the 
empirical rule given by one of us (Sutton, Proc. Roy. Soc., 1931, A, 133, 668), relating 
the moments and orienting powers of groups, applied to sulphones, and since diethyl 
sulphide had to be prepared incidentally its moment was redetermined. 

Finally, needing a non-polar solvent for use at temperatures up to 150°, we checked 
the observations on decalin (decahydronaphthalene) made by Bretscher, who had already 
used it for this purpose (Phystkal. Z., 1931, 32, 767). 


EXPERIMENTAL. 


Preparation and Purification of Materials —Benzene. A. R. Benzene was purified as de- 
scribed previously (Sutton, Joc. cit.). 

Carbon tetrachloride. Messrs. Albright and Wilson’s liquid for medicinal purposes was 
refluxed, and then distilled, over P,O, in a stream of dry air. 

Decalin. A specimen obtained from Messrs. Hopkin and Williams was stirred with a 
mixture of conc. H,SO, and oleum for about 2 hr. and, after removal of the acid layer, for a 
further 2 hr. with acid KMnQO, soln. The decalin was then separated, washed with alkali and 
with H,O, dried over CaCl,, and fractionated with two five-bulb Young—-Thomas columns in 
series. The fraction of b. p. 190—192°/749-5 mm. was shaken with P,O,, distilled off, and used 
for the measurements. From the data of Hiickel (Amnalen, 1925, 441, 42), this is mainly the 
cis-isomeride (cis-, b. p. 192°; trans-, b. p. 185°); for reasons which will appear in the discussion, 
no attempts were made to obtain one form pure. 

Di-iodoacetylene. This was prepared according to Biltz (Ber., 1904, 37, 4415) and recrystal- 
lised from ligroin (b. p. 60—80°), the solution being made up at 40—50° and then cooled to 
— 15° in order to avoid decomp.; m. p. 77—78° (Biltz, Ber., 1897, 30, 1204, 78°; Baeyer, 
Ber., 1885, 18, 2274, 78°; Nef, Annalen, 1897, 298, 344, 81°; de Chalmont, Amer. Chem. J., 
1897, 19, 877, 82°) (Found: C, 8-64; H, 0. Calc. for C,I,: C, 864%). Three specimens, 
A, B, and C were made. 

Nickel carbonyl. A specimen supplied by the Mond Nickel Co., and obtained through the 
kindness of Mr. A. C. G. Egerton, F.R.S., was used without further purification. 

Diethyl sulphide. This was prepared by the method of Klason (Ber., 1887, 20, 3413) from 
EtHSO, and K,S. It was freed from EtSH by washing with conc. KOH aq., washed, dried 
with CaCl,, and twice distilled, the fraction of b. p. 92-3—92-4°/775 mm. being used (Nasini, 
Ber., 1882, 15, 2882, 92-2—93°/754 mm.; Beckmann, J. pr. Chem., 1878, 17, 451, 91-9°/754-7 
mm.; Carrara and Coppadoro, Gazzetta, 1894, 33, i, 343, 92°/758-5 mm.). 

Diethylsulphoxide and diethylsulphone. The former was prepared from Et,S by Pummerer’s 
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method (Ber., 1910, 43, 1407). As much H,O and AcOH as possible were removed by heating 
to 50° in vac.: the solid which separated when the residue was cooled in a freezing mixture 
was filtered off and had m. p. 7—12° (Pummerer, Joc. cit., 4—6°). This substance appeared 
to undergo concurrent oxidation and reduction, to sulphone and sulphide respectively, on 
being heated, and purification by distillation was therefore impracticable. Moreover, its low 
m. p. and hygroscopic nature made recrystn. difficult, and attempts to purify it were therefore 
unsatisfactory. Consequently, it was not used for measurements but was converted by Pum- 
merer’s method (/oc. cit.) into the sulphone, which was recrystallised twice from ligroin (b. p. 
60—80°); m. p. 69-5—71-0° (Pummerer, 73—74°). 

Dipole-moment Determinations.—Dielectric-constant measurements. These were made with 
the heterodyne apparatus already described (Sutton, Joc. cit.). Most of the determinations in 
C,H, solution at 25° were made with the dilution condenser therein described : some of these, 
and all those in CCl, at 0°, were made with a condenser of the Sayce—Briscoe type (see Ball, 
J., 1930, 570). Another condenser, similar to the latter, but modified so that it could be com- 
pletely immersed in the bath liquid, was used for the measurements at high temps. It was 
made of Pyrex glass and its capacity was assumed to be independent of temp.; the probable 
change would be equal to the linear expansion, 1.e., about 0-05% per 100°. 

Densities. Those at 0° and 25° were made in Sprengel—Ostwald type pyknometers. Those 
of decalin at the higher temps. were also made in one of this type, but it had four graduations 
which were under the bath-liquid surface and were illuminated and observed by periscopes. 
The tip projected a short distance above the surface and the adjustment was made by applying 
a slight pressure to expel the contents through it until the meniscus was level with one of the 
graduations (the calibrations for which were known), after which it was capped, allowed to 
cool, and weighed as usual. This pyknometer was first ‘‘ aged ’’ as recommended by Bretscher 
(Physikal. Z., 1931, 32, 768) and then calibrated with H,O at three temps., the coeff. of cubical 
expansion of the glass being so found (29 x 10° c.c./c.c./°C.). 

The high-temperature thermostat was a brass cylinder holding 6} 1. of dibutyl phthalate, 
heated by an external main heater and an internal subsidiary heater, which was controlled 
by a mercury-filled thermoregulator. Further details of the high-temperature technique will 
be given later. 

Refractive indices. These were measured at 25° for the Hg green line (5461) as before described. 

In the following tables f, = molar fraction of solute; d = density, from the mean d-f, 
line; e¢” = dielectric constant at 7°; m = refractive index at 25° (A 5461); P,, ,P,, and 
a+oP, = total, electron, and atom + orientation polarisations, respectively, of solute. 

The following consts. were determined and used throughout the calculations : 











d. €. P.. i. gP,. 
ne 0°8740 2-2727* 26-600 15020 26-366 
9 9 eae 16317 2-2748 28-116 a at 
a 15846 2-2244 28-142 1-46046 26-604 


* From Hartshorn and Oliver (Proc. Roy. Soc., 1929, A, 128, 664). 
Nickel Carbonyl in Carbon Tetrachloride at 0°. 





dy. 
;™ 0°. 25°. e. sites. Fe, EP). 
0:03060 16208 1°5726 2°2787 1°46057 39°38 37°38 
0°01578 16258 — 2°2767 — 39°52 ate 
Mean P, = 39-45 + 0-1 c.c.; »P, = 37-4 + 0-1 c.c. (value calc. for Tl line 535, from data 
in Landolt—Bérnstein, = 35-5 c.c.). 


P, — pP2 = PayoP: = 2¢.¢.; w = (0-3) x 10° e.s.u. 


Di-iodoacetylene in Carbon Tetrachloride at 0°. 


A (1) 003070 16775 16289 2-3039 1-46671 39°6 34'8 
(2) 0-01890 165985 161145 2-3029 1-46410 48-0 35-2 
(3) 0-00883 164485 15968 2-2996 1-46202 68-2 37°1 

B (1) 0-01270 16505 1-60225 2-2836 146285 35°9 36-05 
(2) 0-01168 16490 16008 2-2880 1-46254 42-7 35°8 
(3) 0-01069 16477 159975 2-2873 1-46239 43°1 35°6 
(4) 0-01323 16512 16030 2-2835 ad 35°15 se 

C (1) 0-00894 164490 _ 2-2828 ane 39°1 ~~ 
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Remarks. A (1) measured 3 days after prepn.; (2) as (1), recryst.; (3) as (2), left one day 


more. B (1) measured 1 day after prepn.; (2) as (1); (3) measured 2 days after prepn. ; 
(4) measured 10 days after prepn. C (1) measured immediately after prepn. 


P, at inf. diln. = 39-2 c.c.; gP, at inf. diln. = 36-3 c.c. ; 
Py, — gP2 = asoP, = 2-9 c.c.; wp = (0-33) x 107% e.s.u. 


Diethyl Sulphide, in Benzene at 25°. 


L d. ” saff nasi P;. zP;. 
0-04108 0°8719 2°4100 1:4991 80°1 28:5 
003442 08722 2-3890 1°4995 80°9 28:4 
0:02347 08728 2°3519 1:5003 81°1 28-0 
001491 08732 2-3223 — 80°6 — 


P, at inf. diln. = 81-5 c.c.; _P, at inf. diln. = 27-8 c.c.; 
Py, — gP2 = asoP, = 53-7 c.c.; wp = 1-61 X 10° e.5.u. 


Diethylsulphone, in Benzene at 25°. 


0°02882 0°8835 3°0875 1°5007 381-0 28°8 
0-02236 0°8814 2°8985 — 390°2 —_ 

0°01354 0°8785 2°6487 15014 405°6 28°1 
0:00938 0°8771 2°5326 1°5016 414:1 27°5 


P, at inf. diln. = 429-5 c.c.; ,P, at inf. diln. = 27-5 c.c.; 
P; —_/ EP. = a+toPe = 402 C.C.; = 4-41 x 10718 e.s.u. 


Decalin, 25°—142-4°. 


T. a”. <7. P. eo dz. eT. P. 
25-0° 0-8787 2-1542 43°68 101°4° 0:8208 2-0622 44-01 
41°5 0:8663 2°1342 43°75 131-8 0:7972 20238 44:09 
45°9 0-8630 2-1284 43°75 142-4 0-7881 2-0079 44:08 
75°6 0-8406 2-0928 43°88 


= 0:0 x 10° e.s.u. 


DISCUSSION OF RESULTS. 


All electric dipole moment values herein quoted are given in Debye units, 7.e., 1 x 107% 
e.S.U. 

Nickel Carbonyl.—The apparent orientation polarisation of this substance, 2 c.c., is 
so small that the moment is indistinguishable from zero by the method used. Conse- 
quently, as was previously argued (Sutton and Bentley, Joc. cit.), the most probable struc- 


CX... AV , 
ture is — 4 C=0’ with the groups arranged tetrahedrally. The structure 
CSD, A, , , 
Ni¥ ; 
c=07%ixo=c is also possible, but is rather less probable 
Two points in the argument may be amplified. First, the objection to the structure 
C=0,,.., p= : , : 
\Ni¥ that, like the methyl and ethyl orthocarbonic esters, it would have 


C0" OC 
an appreciable moment, is not weakened by the fact that certain other CX, compounds, 
e.g., pentaerythrityl tetra-chloride or -bromide, have no appreciable moment (Ebert, 
Eisenschitz, and von Hartel, Z. physikal. Chem., 1928, B, 1, 94), because the latter differ 
in an important respect: the atoms next the central atom have not merely one further 
atom or group attached to each of them, as have the oxygen atoms in the orthocarbonic 
esters or in the second nickel carbonyl formula, but have three, and therefore the inter- 
locking of the groups which might rotate is more complete (Eucken and Meyer, Physikal. 
Z., 1929, 30, 402). Although two out of the three attached atoms in each rotatable group 
are hydrogen, there is increasing evidence (Sidgwick, Ann. Reports, 1932, 29, 67 et seq.) 
that, so far as steric effects are concerned, their effective radius, and therefore their relative 
importance, is greater than was previously thought. 

Secondly, although the angle between the oxygen valencies in the second structure is 
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unknown, it would probably be equal to that between the double and single bonds of a 
nitrogen atom and hence would cause an appreciable asymmetry, as shown by the moment 
of 1-87 found for carbodianil, NPh:C:NPh, by Bergmann and Schiitz (Z. physikal. Chem., 
1933, B, 19, 389; see also Sidgwick, Sutton, and Thomas, this vol., p. 406). 


O—Cy - y—O0 L ° 
o—c7 Ni, c—o’ the carbon atoms, having only 


sextets of electrons in their valency groups, are analogous to boron in its trichloride, and 
since in the latter the three bonds are coplanar (Ulich and Nespital, Z. Elektrochem., 1931, 
37, 559; Bergmann and Engel, Physikal. Z., 1931, 32, 507), it is probable that in the 
former the single and double bonds would be collinear, giving the molecule a symmetrical, 
non-polar structure. That carbon atoms in such a state would act as donor atoms seems, 
however, very improbable, there being no known examples of such behaviour, and hence 
it is unlikely that the substance would exist solely in this form. 

We therefore conclude that the first structure is the most probable, though a resonance 
state between it and the last one is possible, and this is further, strong evidence that the 
free carbon monoxide molecule itself has the co-ordinate triple-link structure, either 
entirely (Hammick, New, Sidgwick, and Sutton, J., 1930, 1876) or, at least, predominantly 
in a resonance with the double-bonded one (Pauling, J. Amer. Chem. Soc., 1932, 54, 1000). 

Iron pentacarbonyl is reported to have a small moment of 0-64 (Bergmann and Engel, 
Z. physikal. Chem., 1931, B, 13, 232), but since the moment of each CO radical with the 
co-ordinate link joining it to the central atom would be large (about 3—5, see Ulich and 
Nespital, Joc. cit., for analogous cases), this total moment, if real, indicates only a slight 
departure from a symmetrical arrangement. 

Di-iodoacetylene—As recorded on p. 653, eight measurements of total polarisation 
were made upon three separately prepared specimens. Six of the eight values of P, 
were between 35-2 and 43-2 c.c., giving a mean value of 39-2 c.c., which corresponds to 
an apparent orientation polarisation of 3 c.c. and an apparent moment of 0-33. Since 
the atom polarisations of several di-iodo-compounds appear to be about 3 c.c. (Smyth, 
“ Dielectric Constant and Molecular Structure,’’ New York, 1931, pp. 164, 166), it is 
clear that this moment is indistinguishable from zero by the method used, and conse- 
quently that the molecule is symmetrical. The first sample, A, gave two values of P, 
greater than 43 c.c., but neither of the later specimens did, even on standing for 10 days 
before measurement. We therefore concluded that the high values did not indicate a 
change of di-iodoacetylene itself into a polar form, but the accidental presence of some 
polar impurity, either introduced, or else produced by partial decomposition, during one 
recrystallisation. It is a fair conclusion that the purest specimens which we obtained 
had no appreciable moment. 

Acetylene itself is non-polar (Smyth and Zahn, J. Amer. Chem. Soc., 1925, 47, 2501) 
and the finite value for the moment of diphenylacetylene reported by Smyth and Dornte 
(ibid., 1931, 58, 1296) has subsequently been shown to be incorrect by Schiitz (footnote, 
Bergmann and Tschudnowsky, Z. physikal. Chem., 1932, B, 17, 117) and by Weissberger 
and Sangewald (bid., 1933, B, 20, 145), who find no moment. Thus the electric dipole 
moment measurements provide no evidence of the existence of the 7so- (.e., acetylidene) 
structure which was suggested by Nef (Annalen, 1897, 298, 202), supported by Lawrie 
(Amer. Chem. J., 1906, 36, 487), criticised by Biltz (Ber., 1913, 46, 143), and again sup- 
ported by Mrs. Ingold (J., 1924, 125, 1528), since in all probability this would be polar. 

In the definite, so-called bivalent carbon compounds—carbon monoxide, the iso- 
cyanides, and the fulminates—the sextet of valency electrons on the bivalent carbon atom 
is made up to an octet by the formation of a co-ordinate link from the neighbouring atom 
(see Hammick, New, Sidgwick, Sutton, Joc. cit.; New and Sutton, J., 1932, 1415, and 
above) and since this is impossible in the suggested acetylidene form, because the neighbour- 
ing atom already has a fully shared octet, the analogy used by Nef breaks down, and 
there is no reason, a priori, to expect this form to exist. 

Diethyl Sulphide and Diethylsulphone.—The value found for the moment of the sulphide, 
1-61, agrees well with that of 1-57 previously reported by Hunter and Partington (J., 


Another possible structure is 
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1931, 2062). In diphenyl sulphide the C-S link moment is clearly in the same sense as 
that of the C-Cl link, 7.e., negative, having the negative pole nearer the sulphur atom, 
because the moment of the p’-dichloro-derivative is numerically less than that of the 
parent substance (Bergmann and Tschudnowsky, Joc. cit., p. 107). If, now, we make 
the plausible assumption that the moment of the aliphatic C-S link, in diethyl sulphide, 
is in the same sense, the algebraic difference of moment between the aromatic and the 
aliphatic compound, ppys — Ugg, is — 147+ 1-61 = +4 0-14. The intercovalency 
angle in each compound being taken as 140° (Bergmann, Engel, and Sandor, Z. phystkal. 
Chem., 1930, B, 10, 397; Smyth and Walls, J. Amer. Chem. Soc., 1932, 54, 3230), the 
algebraic change along each C-S valency is + 0-14/2 x cos 70° = + 0-2. 

Similarly, from the moments of diphenylsulphone, 5-10 (de Vries and Rodebush, 
J. Amer. Chem. Soc., 1931, 53, 2888, 5-05; Bergmann and Tschudnowsky, Ber., 1932, 
65, 457, 5-14) and #-chlorodiphenylsulphone, 4:42 (Bergmann and Tschudnowsky, Joc. 
cit.), the sulphone group moment is obviously negative in aromatic compounds, and if 
this is true also in aliphatic compounds, the algebraic difference upy.so, — Uxt,so iS 
— 51+ 44 = — 0-7. 

It was previously pointed out (Sutton, Joc. cit.) that if the moments of pairs of aromatic 
and aliphatic compounds are so compared, the ¢ert.-alkyl derivatives being taken for 
comparison whenever possible in order to make a rough allowance for the greater polar- 
isability of the phenyl group, then the differences are positive when the attached group 
is op-directing and negative when it is m-directing. It was further shown that they 
indicate relative movements of electric charges and are related to the “ electromeric ” 
effects postulated by Robinson in theories of organic reaction (Rapp. Inst. Intern. Chim. 
Solvay, 1931, p. 423). The present data for sulphides and sulphones provide further 
support for these generalisations: the positive difference for the former agrees with the 
op-directing power of the sulphur atom in thio-ethers, as shown in the halogenation and 
the sulphonation of diphenyl sulphide (Fries and Vogt, Annalen, 1911, 381, 341; Bourgeois 
and Abraham, Rec. trav. chim., 1911, 30, 418; Bou, Ber., 1895, 28, 2321; Boeseken and 
Waterman, Rec. trav. chim., 1910, 29, 327; Bourgeois and Peterman, ibid., 1903, 22, 350), 
while the negative difference for the latter agrees with the m-nitration of diphenylsulphone 
(Martinet and Haehl, Compt. rend., 1921, 173, 775; cf. Twist and Smiles, J., 1925, 127, 
1248). 

According to the view of Baldwin and Robinson (J., 1932, 1445), the sulphone group, 
unlike the carbonyl group, does not act by partaking in an electromeric effect with the 
benzene ring to which it is attached, but by setting up electromeric effects within the 
benzene ring by virtue of its great polarising power. It seems probable that the field 
acting on an unsaturated system would have to exceed a certain minimum strength before 
this kind of abnormal polarisation, which is not a simple deformation, could occur, and 
hence that, although an aliphatic and an aromatic group might have the same polaris- 
abilities as measured by their refractivities, when very small field strengths are applied, 
yet they would be different in the big field near a highly polar group. 

Decalin.—The polarisation of decalin was found to increase by 1% between 25° and 
142-4°, and since this behaviour is the opposite to that of a polar substance, our observ- 
ations confirm the conclusions of Bretscher (Physikal. Z., 1931, 32, 767) and Lautsch 
(Z. physikal. Chem., 1928, B, 1, 115) that this substance is non-polar. The increase is too 
great to be due to expansion of the condenser (see p. 653) and is of the same order as that 
found by Dornte and Smyth (J. Amer. Chem. Soc., 1930, 52, 3546) for open-chain paraffins, 
and for benzene and carbon tetrachloride by Meyer (Z. physikal. Chem., 1930, B, 8, 43), 
who stated that it was a real change in deformation polarisation. 

Our decalin was a mixture of the two stereoisomerides (see p. 652), and it therefore follows 
that both are non-polar. The densities and refractivities of the isomerides differ appreci- 
ably (Hiickel, loc. cit.), however, and hence, in using the substance as a non-polar solvent, 
it is necessary to know the constants of the batch taken. cycloHexane and methylcyclo- 
hexane are also non-polar (Weissberger and Sangewald, Physikal. Z., 1929, 30, 268; 
Williams, J. Amer. Chem. Soc., 1930, 52, 1831) and it can be demonstrated that, in general, 
since open-chain paraffins are non-polar (Dornte and Smyth, Joc. cit.), all strainless cyclic 
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paraffins should be so too. The former class is non-polar because the moments of the 
C-H links balance, owing to their tetrahedral arrangement, and because the C-C link 
moment is zero (Debye, “ Polare Molekeln,’”’ Leipzig, 1929, p. 59). Now suppose that 
from such a molecule two hydrogen atoms are removed, one from each of two carbon 
atoms which are subsequently to be joined to give a strainless ring, then there are left two 
unbalanced, equal moments acting along the directions of the former C-H links. From 
the conditions, the molecule can be oriented strainlessly so that these moments balance, 
making the whole non-polar again, and so that the atoms are in the correct positions for 
ring closure to be made. This latter is now effected by allowing the unshared electrons 
on the two carbon atoms to form a covalency, and since it is a symmetrical process the 
cyclic paraffin so made is non-polar. This conclusion is perfectly general, since it applies 
to any strainless configuration of any cyclic compound formed from any suitable open- 
chain paraffin, no matter how long or complex, by any number of ring closures. 

As a corollary, the moment of any monosubstitution product should be equal to that 
of a corresponding open-chain compound (cf. Sutton, Joc. cit.). Williams’s measurements 
on some cyclohexane derivatives (J. Amer. Chem. Soc., 1930, 52, 1831) did not support 
this view, but most of the later ones made by Hassel and Naeshagen do so (Z. physikal. 
Chem., 1932, B, 15, 373; ibid., B, 19, 434) as do also those of Donle and Wolf (ibid., 
1930, B, 8, 55) on /-menthol, /-borneol, and their esters, if comparisons are made between 
moments calculated similarly (7.e., both corrected, or both uncorrected, for atom polaris- 
ation, P,), as shown below : 


Cyclic substance. Open-chain substance. 
cycloHexanol 


ae 
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2-Methylcyclohexanol isoPropyl alcohol 


4- . 2-Heptanol 
/-Menthol 
l-Borneol 
1: 3: 5-Trimethylcyclohexanol 
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tert.-Butyl alcohol 


1: 2:4: 5-Tetramethylcyclohexanol tert.-Amy] alcohol 
cycloHexyl acetate 
/-Menthyl acetate 
l-Bornyl] acetate 


— 
© co © 
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isoPropyl acetate 


~1 


Chlorocyclohexane sec.-Butyl chloride 2:09 h 


Bromo- se, sec.-Butyl bromide 2-12 h 


“11 

Iodo- - “98 sec.-Butyl iodide 2:04 h 
(a) Williams, Joc. cit. (b) Hassel and Naeshagen, Z. physikal. Chem., 1932, B, 19, 434. (c) Donle 

and Wolf, Joc. cit., uncorr. for Pg. (da) Donle, Z. physikal. Chem., 1931, B, 14, 326, uncorr. for Pa. 

(e) Hassel and Naeshagen, ibid., 1932, B, 15, 373. (f) Smyth and Dornte, J. Amer. Chem. Soc., 1931, 

58, 545. (g) Lange, Z. Physik, 1925, 38, 169. (h) Parts, Z. physikal. Chem., 1930, B, 7, 327. 

(j) Errera and Sherrill, Leipziger Vortradge, 1929, p. 41. 
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A similar concordance would be anticipated between the moments of the aliphatic 
and the strainless cyclic mono-ketones, and it has been found by Wolf (Z. phystkal. Chem., 
1929, B, 3, 128, 139), Williams (loc. cit.), Donle and Volkert (Z. physikal. Chem., 1930, B, 
8, 60), and Hassel and Naeshagen (cbid., 1932, B, 19, 434). The last authors report some 
exceptions, but do not yet regard them as established beyond doubt. 

The simple strained cyclic paraffins should, from their symmetry, be non-polar, but 
those which are fused to strainless rings, or have alkyl groups attached to them, might 
be polar. In unsaturated compounds a new type of link is introduced, and they are 
polar unless symmetrical. Slight ring strain appears to have no effect on the moments 
of mono-substitution products (e.g., borneol) but has been found to affect those of the 
ketones (Wolf, loc. cit.; Physikal. Z., 1930, 31, 227; Donle and Volkert, loc. cit.). 
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168. The Effect of Acetaldehyde on the Conductivities of 
Electrolytes in Ethyl Alcohol. 


By D. N. Crark, O. Gatry, O. L. HuGuHes, and (Str) HAROLD HARTLEY. 


ConpbucTivity data for solutions of a number of uni-univalent electrolytes have been 
obtained in this laboratory in recent years. The ethyl alcohol employed was never com- 
pletely free from acetaldehyde, and it is therefore important to find out what effect the 
presence of this impurity has upon the results. Potassium iodide and silver perchlorate 
were the salts chosen, because their conductivities have been measured by Barak (Diss., 
Oxford, 1929), and they are strong electrolytes that deviate only to a slight extent from 
theory in ethyl-alcoholic solution. The possibility of chemical action between the acet- 
aldehyde and the solute has been investigated, and its effect is negligible. 


EXPERIMENTAL. 


Preparation of Materials, and Determination of Conductivity——EtOH was purified by the 
method of Copley, Murray-Rust, and Hartley (J., 1930, 2492). Poulenc’s Me-CHO was distilled 
twice and collected over the range 22—23°. Pure specimens of the salts were available and 
were in all cases dried to const. wt. before the solutions were made up. The electrical con- 
ductivities of the solutions were determined by the method of Frazer and Hartley (Proc. Roy. 
Soc., 1925, A, 109, 351). 

Estimation of acetaldehyde in alcohol. The Me-CHO was estimated by means of the magenta 
test (cf. Paul, Z. anal. Chem., 1896, 35, 647). 50 C.c. of a filtered 0-1% aq. solution of magenta 
were treated with SO, aq. containing 0-5 g. of SO, and made up to 100c.c. A standard Me-CHO 
solution was made up by wt. 

The estimation was carried out in a standard colorimeter. 50 C.c. of the EtOH to be tested 
and 50 c.c. of standard Me-CHO solution were introduced into the two limbs, and the temp. 
was kept at about 16° by immersion in a water-bath. When the solutions had attained temp. 
equil., equal amounts of the decolorised magenta solution were added to each of them, and the 
colours compared as rapidly as possible, the standard solution being diluted as required with 
Me-CHO-free aq. EtOH and the total vol. kept const. The aq. EtOH used for dilution gave 
no coloration with the magenta solution. 

The results with various samples are given below : 


Alcohol A B Cc D E F 
a ‘ ™ —— , ‘ es s 

Me-CHO, g./l. 07183 0174 0-150 0049 0°043 0°031 0°037 0°031 0:031 0°017 
0°183 0°162 0°046 0°034 0°031 0°017 

A. Laboratory absolute alcohol. 

B. Distilled from CaO, which was part of the normal procedure of removing H,O. 

C. Dried over CaO for 5 days, filtered, and distilled. 

D. Prepared by Copley’s method, but‘of high conductivity. 

E and F. Prepared by the same method, but of low conductivity. 








This seems to indicate either that fired CaO adsorbs Me-CHO in the cold from an alc. 
solution and gives it up on heating, or that CaO acts as a catalyst in the atm. oxidation of 
EtOH at its b. p. It is evident that the subsequent treatment with Al-Hg and prolonged 
refluxing in pure dry air, which was applied to samples D, E, and F, eliminated Me-CHO more 
effectively than distillation after treatment with CaO in the cold. The distillation from CaO 
is essential for removal of water and was therefore employed as before in the preparation of 
conductivity EtOH. 

Reducing properties of acetaldehyde in alcoholic solution. Amounts of Me-CHO varying from 
0-5% to 10% were added to a series of solutions of AgNO, in conductivity EtOH. No reduction 
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product could be detected in any of the solutions even after 3 days’ standing at room temp. 
In presence of H,O, the mechanism of the reduction is comparatively simple, and the absence of 
reduction in dry EtOH may be due to the much more complicated reaction that would be 
involved. 

Conductivity Results —Additions of Me-CHO were made to solutions of KI in EtOH, and the 
change in conductivity was measured. In all cases the rise in conductivity was proportional to 
the amount of Me-CHO added, having a mean of 2-6 + 2% for an addition of 1%. These 
measurements were made directly after the addition of Me-CHO, but the conductivity subse- 
quently fell to a figure close to its original value. It is shown below that the initial rise in 
conductivity is due to a rise in temp. produced by the mixing of Me-CHO and EtOH. 

The fact that the change in conductivity was a function of the time made expts. in a mixed 
solvent even more essential for investigating the effect of Me-CHO than for similar investigations 
of H,O additions (cf. Hughes and Hartley, Phil. Mag., 1933, 15, 610). Therefore a mixture of 
0-5% Me-CHO in EtOH was prepared, and the conductivity of AgClO, was measured in this 
solvent. Sudden changes in the composition of the solvent, and consequent heat effects, were 
avoided in this way. The results are given below, x being the sp. conductivity of the solvent 
in reciprocal megohms, c the concn. of the solution in g.-mols./l., A, the equiv. conductivity at 


concn. c, Ag the equiv. conductivity at infinite dilution, and x the slope of the A./Vc line. 


Alcohol + 0°50% acetaldehyde: « = 0°039; 
Pure alcohol: « = 0°012; Ay = 51°4; + = 203. Ay = 51:0; * = 197. 

c xX 104. Ae. Diff. c x 104, Ae. Diff. 
0°827 49°5 —0°01 0°778 49°19 —0°07 
1-707 48°67 —0°05 1°538 48°60 +0°04 
3°022 47°86 +0°01 2-998 47°81 +0°21 
5°152 46°79 +0°04 5°307 46°71 +0°26 


The column headed “ Diff.” gives the differences between the observed values of A, and those 
calculated from the equation A, = A, — «Vc. Evaporation of Me-CHO was taking place 
throughout the series of measurements, and the solution scarcely smelt of it at the end of the 
expt. 

The increase in viscosity due to the addition of 0-5%% Me-CHO is given as 0:-5% by McKelvey 
(Bull. Bur. Standards, 1913, 9, 327). The results quoted above show a 0-8% decrease in the 
conductivity, but this value is subject to a large error, as it depends upon the drawing of a 
straight line through points which cannot be expected to lie on that line because of the 
evaporation of the aldehyde. The decrease in conductivity, however, is of the same order as 
the increase in viscosity. For H,O additions the depression is rather less than the viscosity 
increase, owing to the partial solvation of the ions by H,O mols. Unfortunately, the extreme 
volatility of Me-CHO prevents measurements being made of an accuracy sufficient to determine 
the change in ionic size when it is present. 

The amount of Me-CHO present in conductivity EtOH is of the order 0-03 g./l., or about 
0-004% by wt. Conductivities measured in such EtOH are presumably in error to about 
1 part in 15,000, which is well within the limits of exptl. error. There does not seem to be any 
need for modification of the method of purifying EtOH, for even although refluxing with CaO 
leaves a relatively large amount of Me-CHO in the EtOH, yet most of the Me-CHO is removed 
in subsequent stages of the purification. 

Heat Changes on Mixing.—Owing to the extreme volatility of Me-CHO it was essential to 
make any measurements of the heat change on mixing very quickly. The apparatus employed 
for this purpose consisted of a Cu calorimeter which was placed inside a beaker and thoroughly 
lagged with cotton-wool. Me-CHO was admitted from a burette to a weighed quantity of 
EtOH contained in the calorimeter, and the temp. rise measured at once. The heat of dilution 
was neglected. Two series of expts. were made : 


G. of Me-CHO per 100 g. of mixture 138 3:10 465 612 

Heat evolved when 1 g. Me-CHO is added to 100 g. mixture, cals. 123 128 112 105 

G. of Me-CHO per 100 g. of mixture 161 3:15 470 6:12 7:55 
Heat evolved when 1 g. Me*CHO is added to 100 g. mixture, cals. 137 —s:123 120 111 104 


The quantity of heat evolved falls off with increasing additions of Me-CHO: this is due, at 
least in part, to the more rapid evaporation of Me-CHO as the temp. rises. In the more dil. 
mixtures the heat change observed is more likely to be the correct one. The addition of 1 g. 
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of Me-CHO to 100 g. of EtOH causes the evolution of 128 + 12 cals., the average increase in 
temp. produced thereby being 2-0° + 0-2°. 

The addition of 1% of Me-CHO to EtOH produces a decrease of approx. 1:6% in the con- 
ductivity owing to the increased viscosity. It also brings about a rise in temp. of 2°. Now 
the temp. coeff. of conductivity is approx. 2% per degree (Ogston, private communication), 
so the net increase of conductivity upon direct addition of 1% Me-CHO is 4 — 1-6 = 24%. 
This agrees well with the directly observed value of 2-6%. 


SUMMARY. 


1. The amounts of acetaldehyde present in various specimens of ethyl alcohol have 
been estimated colorimetrically by the magenta test. 
2. The effect of acetaldehyde on the electrical conductivities of two salts in ethyl 


alcohol has been measured. 
3. It has been found that the amount of acetaldehyde likely to be present in con- 


ductivity alcohol would not have an appreciable effect upon the conductivity of electro- 
lytes in that solvent. 


PuysICAL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE AND TRINITY COLLEGE, OXFORD. [Received, May 15th, 1933.] 





169. The Nitrosation of Phenols. Part XV. Resorcinol Mono-n-butyl 
Ether. 


By HERBERT H. HopGson and HuBErT Cray. 


THE extent of nitrosation of resorcinol mono--butyl ether in position 4 is no less than 
34%, 7.e., 7% more than occurs with the apparently anomalous isopropyl ether (Hodgson 


and Clay, J., 1932, 869), so that the »-butyl group not only occupies its anticipated place 
in the series denoting the order of ionisation-repression of the of-directing phenolic group, 
viz., Me<Et<Pr*<Pr®<Bu, but also continues the abnormal increase first noted in the 
case of the isopropyl] ether. 

Alternatively, should the -butoxy-group exert an inductive electron-attraction, the 
4-carbon atom (J., 1929, p. 2776, formula III, with n-Bu in place of Me), being again much 
less deactivated in this compound than in any of the four previous homologues studied 
(Hodgson and Clay, J., 1929, 2775; 1930, 965; 1931, 2097; 1932, 870), should be relatively 
much more reactive. 

The solubility (17-2%) of 6-nitroso-3-n-butoxyphenol in benzene is abnormally large 
compared with the solubilities of the three lower homologues (Me, Et, Pr*: 2-26, 1-32, 
578% respectively), but of comparable and anticipated order of magnitude with that of 
6-nitroso-3-isopropoxyphenol (15-53%), which indicates that co-ordination (loc. cit., 
formula V) between the o-nitroso- and the hydroxyl group is even more intensified than in 
these homologues. This fact establishes that in and beyond the Pré compound the increased 
activation of the chelating electrons of the nitroso-group very greatly exceeds the con- 
current increased repression of ionisation. This result is a normal consequence, since the 
n-butoxy-group will produce a positive electromeric effect on the nitroso-group, para to it, 
far exceeding its general polar effect on the m-hydroxyl group, if indeed the latter effect 
exists at all. 

The constitutions of the 6- and 4-mtroso-3-n-butoxyphenols have been established by 
their oxidation to the corresponding nitrophenols, which, in turn, have been obtained by 
nitration of resorcinol n-butyl ether. The 6- and 4-nztro-3-n-butoxyphenols have been 
oriented by: (a) debutylation to the same 4-nitroresorcinol, showing that neither nitro- 
group is in position 2; and (b) the direct synthesis of 4-nitroso-3-n-butoxyphenol from 
4-nitroso-3-butoxydimethylaniline and its oxidation to 4-nitro-3-butoxyphenol, the relative 
6- and 4-positions for the nitro-group being thereby fixed for the steam-volatile and the 
non-steam-volatile isomeride respectively. 
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EXPERIMENTAL. 


Resorcinol mono-n-butyl ether (b. p. 268—269°; Klarmann, Gatyas, and Shternov, J. Amer. 
Chem. Soc., 1931, 58, 3397), nitrosated (5-0 g.) in the same way as the mono-n-propyl ether, 
gave a mixture of 4- and 6-nitrosoresorcinol 3-n-butyl ethers (5-5 g.). Separation (5 g.) was 
effected by cold Na-dried C,H, (50 c.c.). The sol. 6-nitroso-compound (3-3 g.) crystallised 
from light petroleum in green micro-prisms, m. p. 79° (to a dark green liquid) after previous - 
browning, and from EtOH in brownish-yellow needles, m. p. 79° (Found : N, 7-3. Cy 9H,;0;N 
requires N, 7°2%). The insol. 4-nitroso-compound (1-7 g.) crystallised from EtOH or boiling 
H,O in bright yellow micro-needles, m. p. 155—156° (decomp.) (Found: N, 7:4%). Both 
isomerides gave the Liebermann nitrosoamine reaction (bright greenish-blue). 

Oxidation of the 6-nitroso-compound (1 g.) with dil. HNO, (see u-propyl ether; Joc. cit., 
p. 2100) [and also with alkaline K,Fe(CN),] gave the steam-volatile 6-nitro-3-n-butoxyphenol 
(0-45 g.), which crystallised from light petroleum in greenish-yellow needles, m. p. 43—44° 
(Found: N, 6-8. Cy, 9H,,;0,N requires N, 6-6%). The 4-nitroso-compound was resinified by 
this treatment, but was converted by alkaline K,Fe(CN), (for method, see Joc. cit., p. 2100) into 
non-steam-volatile 4-nitro-3-n-butoxyphenol, which crystallised from hot H,O (charcoal) in 
almost colourless needles, m. p. 96° (Found: N, 6-7%). The crude nitrosation mixture (2-5 g.) 
gave by the second method of oxidation 1-1 g. of 6-nitro- and 0-3 g. of 4-nitro-3-n-butoxyphenol. 

Nitration of resorcinol mono-n-butyl ether (5 g.) in Et,O (for procedure, see loc. cit., p. 2100) 
gave 6-nitro-3-n-butoxyphenol (2-2 g.), m. p. and mixed m. p. 43—44° (Found: N, 6-7%), and 
4-nitro-3-n-butoxyphenol (0-6 g.), m. p. and mixed m. p. 96° (Found: N, 6-8%). 

Constitutions of 4- and 6-Nitro-3-n-butoxyphenols.—(a) Debutylation by hydrobromic acid. 
The respective nitrophenols (0-5 g.) were dissolved in AcOH (5 c.c.), fuming HBr aq. (1-5 c.c.) 
added, and the mixtures boiled under reflux for 6 hr.; H,O (10 c.c.) was then added. After 
a second boiling (with a little charcoal), the solutions (filtered) each deposited 4-nitroresorcinol, 
m. p. (after crystn. from CCl,) 122°, alone, together, or when mixed with an authentic specimen 
(Kauffmann and Kugel, Ber., 1911, 44, 753, 756) (Found: N, 9-1, 9-0, 9-2. Calc.: N, 9-0%). 

(b) Synthesis of 4-nitroso-3-n-buioxyphenol. By the method adopted for the n-propyl ether 
(loc. cit., p. 2101), m-nitrophenyl n-butyl ether was obtained as a pale yellow oil, b. p. 273—274° 
(Found : N, 7:3. C4 9H,,0,;N requires N, 7-2%); yield, 3-3 g. from 30 g. of m-nitrophenol and 
50 g. of n-butyl iodide. The oil (30 g.) was boiled with a solution of Fe powder (5 g.) in HCl aq. 
(15 c.c. conc. HCl and 150 c.c. H,O), to which Fe powder (29 g.) was gradually added during 
90 min. After a further 60 mins.’ boiling, the mixture was made slightly alkaline with NaOH, 
and the m-aminophenyl n-butyl ether (m-n-butoxyaniline) removed by steam-distillation and 
distilled; yield, 18 g. of a colourless oil, b. p. 264—265° (Found: N, 8-7. C,9H,;ON requires 
N, 8-5%), which rapidly turned brown. The amino-compound (12 g.) was treated with Me,SO, 
(25 c.c.), first in the cold and finally on the water-bath for 1 hr., the bases were liberated by 
10% aq. NaOH and kept with Ac,O (15 c.c.) for 2 hr., and the mixture was then poured into 
H,O, made alkaline with Na,CO,, and steam-distilled, 3-n-butoxydimethylaniline being obtained 
as an almost colourless oil, b. p. 267—268° (Found: N, 7-5. C,,H,gON requires N, 7-3%). 
A solution of this compound (2 g.) in conc. HCl (8 c.c.) and H,O (15 c.c.) was nitrosated at 
0—5° by the gradual addition, with stirring, of NaNO, (1 g.) in H,O (2c.c.). The deep red 
solution rapidly deposited 4-nitvoso-3-n-butoxydimethylaniline hydrochloride, which crystallised 
from dil. HCl in bright yellow needles, m. p. 145—146° (Found: N, 11:0; Cl, 13-5. 
Cy3H,,0,N,,HCl requires N, 10-8; Cl, 18-7%). The free base crystallised from benzene-light 
petroleum in small, bright green needles, m. p. 92—93° (Found : N, 12-7. C,,H,,0,N, requires 
N, 12-6%). A solution of the hydrochloride (1 g.) in H,O (20 c.c.) was slowly added to 5% aq. 
NaOH (40 c.c.) boiling under reflux, the free base, which separated as a green oil, being allowed 
to disappear before the next addition. The final clear red solution was filtered hot, cooled, and 
acidified with dil. HCl. The yellowish-brown ppt. of 4-nitroso-3-n-butoxyphenol crystallised 
from EtOH or boiling H,O in bright yellow micro-needles, m. p. 156—157° (decomp.) (Found : 
N, 7:3%), identical with those described above. Oxidation with alkaline K,Fe(CN), gave 
4-nitro-3-n-butoxyphenol, m. p. and mixed m. p. 96° (Found: N, 6-8%). 


The authors thank Imperial Chemical Industries, Ltd., for various gifts, and the West Riding 
Education Authority and the Department of Scientific and Industrial Research for maintenance 
grants to one of them (H. C.). 
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170. The Constitution of the Purine Nucleosides. 
By J. M. GuLLAND and T. F. MAcrRAE. 


It is generally accepted that the molecules of animal and plant nucleic acids are composed 
of four nucleotides (I) united by ester or ether linkages involving the phosphoric acid and 
carbohydrate groups. Mild hydrolysis liberates the nucleotides, two containing purine 
residues and two pyrimidine residues, and further hydrolysis with ammonia causes fission 
of the nucleotides and liberation of phosphoric acid. It is also recognised that the resulting 
nucleosides are purine- and pyrimidine-ribosides, examples of the two types being guanosine 
(II) and cytidine (III), in which R represents the ribose radical (for literature, see Levene 
and Bass, “‘ Nucleic Acids,”’ 1931, New York, Chemical Catalog Co.). 


(I.) Phosphoric acid—pentose-pyrimidine or purine 


N=C-NH, CH—NMe. CH— 
CO CH Cp—_yrt hea 
RN—CH R/\Hal lege aa 
CH-[CH-OAc],*CH-CH,*OAc 


(III.) (IV.) (V.) (VI.) 


The chemistry of the pyrimidine nucleosides shows that the pentose residue must be 
attached to the nitrogen in position 3, but the position of the carbohydrate group in the 
molecule of the purine nucleosides is as yet undecided. This communication describes 
experiments designed to elucidate this problem. 

Four purine nucleosides are derived from nucleic acids, and these compounds and the 
parent purines form two groups, as shown below. It is convenient to discuss the case of 
the ribosides, rather than that of the deoxyribosides. 


a NH, HN—CO HN-CO 7a 
wn he HN—C—N 


pa il H. Ricoto aoe H. (II.) Guanine, R= H. (VII.) Xanthine, R= H. 
Adenosine, R= Inosine, R = Ribose. Guanosine, R = Xanthosine, R = 
Ribose. Ribose. Ribose. 


CH te -NR HNO, CH fN NR NH,’°C C—NR HNO» CO (-N 
ae n7cH N-t— nocH —> RocH 


It may readily be deduced that the pentose radical is not attached to certain positions 
of these nucleosides. Levene (J. Biol. Chem., 1923, 55, 437) transformed xanthosine 
into its 1:3-dimethyl derivative, theophylline riboside, which was synthesised from 
acetobromoribose and silver theophylline (Levene and Sobotka, J. Biol. Chem., 1925, 65, 
463). It follows, therefore, that in guanosine and in xanthosine the pentose is attached to 
position 7 or 9. In adenosine and inosine, positions 1, 3 and 6 are obviously impossible, 
and, since the four nucleosides are hydrolysed rapidly and with equal ease by dilute mineral 
acids, it has been assumed (Levene, /oc. cit.) that the pentose molecules are not attached 
to carbon (positions 2 and 8 thus being excluded) and that the four nucleosides are similarly 
constituted. The pentose groups therefore occupy either position 7 or 9 in the glyoxaline 
ring of the purine. 

In view of the virtual tautomerism in the amidine group of the glyoxaline nucleus, the 
synthesis of a purine glycoside through the replacement of the tautomeric hydrogen by 
a sugar residue does not permit a decision to be made regarding the point of entry of the 
sugar. 

Rung and Behrend (Amnalen, 1892, 271, 34) and Pinner and Schwarz (Ber., 1902, 35, 
2444, 2457) observed that 1-methylglyoxaline is converted into 1l-methylglyoxalinium 
3-alkyl halides (IV) by the action of alkyl halides. It is thus recognised that the addition 
of an alkyl halide to an N-alkylglyoxaline takes place at that nitrogen atom which does not 
carry the original alkyl group, and this fact seemed to offer a method of ascertaining the 
position of the pentose residue in the nucleosides. If, for example, xanthosine could be 
combined with methy] iodide, and the resulting xanthosine methiodide hydrolysed by acids, 
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the product would be either 7- or 9-methylxanthine hydriodide, the methyl group being 
attached to the nitrogen atom which was not previously united to the pentose. The 
identification of the methylated xanthine would offer no difficulty. 

Before proceeding to the alkylation of the purine nucleosides themselves, the proposed 
procedure was examined by studying a more simple example. Accordingly, 4-methyl- 
glyoxaline in the form of its silver derivative was converted into 3-tetra-aceto-B-glucosido- 
4-methylglyoxaline (V), the constitution of which was ascertained as described below. 
The yield was poor, the greater part of the product being an uncrystallisable oil which may 
have contained the isomeric glucoside. This material decomposed (acid reaction) and was 
abandoned. The methochloride of (V), prepared from the readily accessible methiodide, 
was exceptionally resistant to acid hydrolysis. Only the acetyl groups were attacked by 
5% hydrochloric acid at 100°, the customary conditions for the hydrolysis of nucleosides, 
and 3-8-glucosido-4-methylglyoxaline methochloroaurate was isolated. Complete hydrolysis 
was effected with concentrated hydrochloric acid at 150°, however, and 1 : 4-dimethyl- 
glyoxaline (VI) was isolated as the characteristic chloroaurate (Pyman, J., 1910, 97, 1814). 

The 4-methylglyoxaline for these experiments was prepared by the formaldehyde- 
zinc chloride-ammonia method from glucose (Windaus and Knoop, Ber., 1905, 38, 1166) 
and from methylglyoxal (Bernhauer, Z. physiol. Chem., 1929, 183, 67). The last author 
states that the picrate and oxalate of methylglyoxaline only could be isolated. In addition 
to 4-methylglyoxaline, we have isolated as by-products of the reaction 2 : 4-dimethyl- 
glyoxaline and a base, C;H,N,Cl. The molecular formula and properties of this substance 
are those of a chlorodimethylglyoxaline or pyrazole, but it is not one of the known members 
of these groups; possibly it is 5-chloro-2 : 4-dimethylglyoxaline. 

The applicability of the proposed method having thus been established, attention was 
turned to the purine nucleosides. The early experiments were carried out with theophylline * 
tetra-aceto-8-glucoside (Fischer and- Helferich, Ber., 1914, 47, 210), partly in the hope of 
devising a general method with readily accessible material, and partly in order to avoid 
complications arising from the methylation of tertiary nitrogen atoms other than those 
in positions 7 and 9 (as in hypoxanthine) or of imino-groups (as in xanthine). In spite of 
many varied attempts, it was impossible to prepare theophylline tetra-acetoglucoside 
exactly as described by Fischer, but this difficulty was ultimately ascribed to the inactivity 
of the surface of the silver theophylline used, and a successful modification is described 
below. When the glucoside was heated with methy] iodide at 150°, some charring occurred, 
indicating the liberation of glucose, and the sole product of the reaction was the periodide 
of caffeine methiodide, which was identified by analysis and conversion into caffeine 
(1 : 3: 7-trimethylxanthine) and caffeine methohydroxide. In the hope that fission of the 
glucoside might be avoided at a lower temperature, methylation was carried out at 125° 
for a longer period, but here again caffeine methiodide periodide was formed, accompanied 
by much unchanged theophylline tetra-acetoglucoside. Presumably the quaternary 
ammonium salt was first formed, and the cation then suffered decomposition by elimination, 
as halide, of the less firmly bound radical—in this case tetra-acetoglucose, the iodide of 
which would naturally char under the conditions of the experiment. The isocaffeine, or 
caffeine, thus formed then underwent methylation to caffeine methiodide, a reaction which 
occurs at 130° in the case of caffeine. 

The action of boiling benzyl chloride in presence of potassium carbonate (to neutralise 
hydrochloric acid) was equally unsuccessful. In this case, however, the alkylation of 
the purine did not occur, but the acetyl groups were removed and converted into benzyl 
acetate, theophylline-d-glucoside (Fischer and Helferich, Joc. cit.) being the sole nitro- 
genous product. 

Attention was then directed to the alkylation of xanthosine (VII), prepared by the action 
of nitrous acid on guanosine obtained from yeast nucleic acid. Some modifications have 
been introduced into the procedure of Levene and Jacobs (Ber., 1910, 48, 3150) for perform- 
ing thisreaction. In addition, the conversion of the nucleotide guanylic acid into guanosine 
has been accomplished by means of bone phosphatase at fq 8-6 (Martland and Robison, 
Biochem. J., 1929, 23, 237), the product being identical with that prepared by ammoniacal 
hydrolysis. The dephosphorylation of nucleotides by liver and intestinal nucleotidases is 
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known, but their fission by bone phosphatase has not hitherto been recorded, and is of 
special interest in view of the formation of blood corpuscles and the loss of nuclei by 
nucleated erythrocytes which occurs in bone marrow. 

During the experiments described below, we have again been impressed by the utility 
of palladous chloride for the purification of small quantities of purine compounds (cf. 
Gulland and Macrae, J., 1932, 2231). 

Methylation of xanthosine with methyl iodide at 140—150° gave a good yield of 3 : 9-di- 
methylxanthine hydriodide and the corresponding periodide. Here again the sugar 
residue had been eliminated during the reaction, and in the hope of deciding whether this 
occurred before or after the formation of the quaternary ammonium salt, theophylline was 
methylated under the same conditions. Caffeine hydriodide was readily obtained, and it 
appeared at first as if the comparison of these results offered proof of the attachment of the 
pentose molecule to position 7. This became dubious, however, whet’ methylation of 
xanthine under the same conditions gave 3 : 9-dimethylxanthine hydriodide, but in this 
experiment the yield was only about 20%, the remainder of the xanthine being recovered 
unchanged. Finally, xanthosine was methylated in presence of barium carbonate, with the 
intention of preventing the elimination of the pentose molecule if this should be due to the 
formation of free acid during the reaction. Theobromine, its methiodide, and barium 
iodide were produced, this being the only case in which the purine base, and not the 
hydriodide, was obtained. 

Summarising these reactions carried out under the same conditions : 





(A) Xanthosine —-> 3 : 9-dimethylxanthine hydriodide in good yield ; 

(B) xanthine —-> 3 : 9-dimethylxanthine hydriodide in poor yield ; 

(C) theophylline —-> 1 : 3: 7-trimethylxanthine hydriodide ; 

(D) xanthosine + barium carbonate —-> 3 : 7-dimethylxanthine and methiodide. 


The balance of evidence favours the attachment of the pentose molecule to position 
7 of xanthosine, and therefore of guanosine, but the facts are not decisive and further 
work is in progress. If the customary lines of reasoning be justified, the pentose would 
occupy position 7 of adenosine and inosine also, and this has a bearing on the constitution 
of adenylpyrophosphate, recognised by Lohmann as the co-enzyme of zymase (yeast) and 
myozymase (muscle). The two alternative possibilities are (i) that methylation follows, 
and (ii) that it precedes, elimination of the pentose molecule. The first alternative offers 
no explanation of the pronounced difference in the results of reactions A and B. In the 
second case, the production of the 9-methyl derivative in reaction A indicates that the 
pentose is in position 7, whereas the formation of a 7-methyl derivative in reaction D 
favours the 9-position for the sugar. These conclusions are incompatible, but reaction D 
might receive an explanation through the following series of changes : 

xanthosine —-> 7-ribose-3 : 9-dimethylxanthine iodide —~> 3 : 9-dimethylxanthine by 
elimination of ribose iodide ——~> 3 : 7 : 9-trimethylxanthine iodide —~ 3: 7 : 9-trimethyl- 
xanthine carbonate by slow reaction with barium carbonate —-> 3 : 7-dimethylxanthine 
by elimination of methyl carbonate. 

Quaternary carbonates decompose more readily than do methiodides, and it is necessary 
to postulate the formation of a methocarbonate, since the experiments with theophylline 
tetra-acetoglucoside show that caffeine methiodide is stable under the conditions of these 
reactions. Caffeine methiodide decomposes at 190° into caffeine and methyl iodide 
(Schmidt and Schilling, Annalen, 1885, 228, 142), proving that the methyl group in position 
7 is more firmly bound than that in 9. 

Reaction C has no direct bearing on the present problem, but when considered in con- 
junction with reaction B, indicates that during reaction with methyl iodide the imino- 
groups in the glyoxaline rings of xanthine and theophylline occupy different positions. 

In 1922, Benedict, Davis, and Newton (jJ. Biol. Chem., 54, 595, 601, 603) isolated a 
uric acid riboside from the erythrocytes of beef blood, and showed that it was widely dis- 
tributed, being also present in human, horse, sheep, pig, dog and chicken bloods. It is 
possible that this substance is formed by the oxidation of nucleosides, just as uric acid 
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results from the oxidation of xanthine and hypoxanthine by the dehydrogenase of liver and 
of milk. If this enzymic oxidation could be established 7 viiro, the methylation of the uric 
acid riboside to a trimethyl derivative and subsequent hydrolysis to a trimethyluric acid 
would offer strong presumptive evidence on the position of the ribose in the nucleosides. 
Since xanthine dehydrogenase of liver is accompanied by nucleosidases which hydrolyse 
the glucosidic linkage (Levene and Medigreceanu, J. Biol. Chem., 1911, 9, 65; Levene, 
Yamagawa, and Weber, ibid., 1924, 60, 693, 707, 717), xanthine dehydrogenase was pre- 
pared from créam (Wieland and Rosenfeld, Annalen, 1929, 477, 32), from which it may be 
obtained apparently free from nucleosidase. Unfortunately, this preparation failed com- 
pletely to oxidise xanthosine or guanosine, but was quite active towards xanthine, methyl- 
ene-blue being used as hydrogen acceptor under anerobic conditions (Thunberg, Skand. 
Arch. Physiol., 1920, 40, 1) in the apparatus of Wieland and Rosenfeld. It is hoped to 
determine the constitution of the uric acid riboside by methylation. 


EXPERIMENTAL. 
Tetra-acetoglucosidomethylglyoxaline. 


*4-Methylglyoxaline and the Base C;H,N,Cl.—The methylglyoxal was in 50% aq. solution, 
prepared from acetone by means of SeO, (Riley, Morley, and Friend, J., 1932, 1875). Mr. 
K. F. Armstrong kindly supplied us with this material and informed us that the concn. of the 
solution calc. from the carbon percentage found by combustion was the same as that determined 
by the iodine titration method of Fischler and Boettner (Z. anal. Chem., 1928, 74, 28). Con- 
sequently, the methylglyoxal was probably pure. 

Methylglyoxal solution (80 c.c.) was added to a mixture of formalin (41 g.) and Zn(OH),—-NH, 
aq. (800 c.c.; Windaus and Knoop, Ber., 1905, 38, 1166). Reversal of the order of addition 
decreased the yield. The mixture was heated for 4 hr. at 100°, the solid collected, washed with. 
H,O, and decomposed with H,S. The filtrate from ZnS was acidified (py 2) with HCl aq.,con- 
centrated to small vol. in vac., and saturated with K,CO,;. The oil (32 g.) which separated was 
extracted with Et,O, dried, and freed from solvent. It contained 4-methylglyoxaline, 2 : 4-di- 
methylglyoxaline, and the chloro-base described below. A picrate, which did not crystallise 
readily, melted at 144°, and two oxalates were isolated, m. p. 205—206° and 170—178°. 4- 
Methylglyoxaline picrate melts at 159—160° (Windaus and Knoop, Joc. cit.) and its oxalate at 
206° (Bernhauer, Joc. cit.). 2: 4-Dimethylglyoxaline picrate melts at 142—143°, and is less sol. 
than methylglyoxaline oxalate. Its oxalate, mixed with methylglyoxaline oxalate, melts at 
172—178° (Windaus, Ber., 1906, 39, 3886). 

An aq. solution of the crude oil (above) was poured into excess of ammoniacal AgNO,, and 
the silver salt collected (Z), washed, and worked up for methylglyoxaline by treatment with 
HCl aq., liberation of the base, conversion into and purification as the oxalate, m. p. 207°, and 
distillation of the base, m. p. 54° (Jowett and Potter, J., 1903, 83, 464, give 55°). 

Ag was removed from the filtrate (Z) by an excess of HCl aq., and the acid solution was 
concentrated and made strongly alkaline with K,CO;. The colourless solid obtained crystallised 
from H,O in needles, m. p. 207° (Found: C, 45-9, 45-6; H, 5-3, 5-3; N, 20-7; Cl, 27-3; M, 
by Rast, 135. C;H,N,Cl requires C, 46-0; H, 5-4; N, 21-5; Cl, 27-2%; M, 131). This sub- 
stance dissolved readily in EtOH, acetone, and dil. mineral acids, but was sparingly sol. in 
H,O, Et,0, CgH,, and CHCl,. It was insol. in cold 2N-NaOH, but dissolved on warming, or 
in cold 15% NaOH aq. It gave no AgCl with AgNO,in HNO ;. A yellow colour was developed 
with diazobenzenesulphonic acid in Na,CO, aq. An oil which separated when a solution of the 
base in 15% Na,CO, aq. was shaken with PhCOCl was taken upin Et,0. Crystals, m. p. about 
195—197°, were obtained by crystn. from light petroleum, but recrystn. of these from H,O 
yielded the base, m. p. 207° (aloneor mixed with fresh material). Evidently the benzoyl derivative 
was very readily hydrolysed. The base yielded a colourless ppt. of a silver salt with ammoniacal 
AgNO, but this must be appreciably sol. in view of the method of isolation of the base. The 
properties described above are those which might be predicted for a chlorodimethylglyoxaline, 
but lack of material prevented further investigation except by synthesis. 

The oxalate, prepared in Et,O solution and cryst. from acetone, had m. p. 148°. 

3-T etra-aceto-B-glucosido-4-methylglyoxaline (V).—Pure silver 4-methylglyoxaline (20 g.) 
was dried for 30 min. in vac. in a 250 c.c. Geissler flask at 120° in an oil-bath. Tetra-aceto- 


* Mr. H. V. Ansell collaborated with us in experiments marked *. 
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bromoglucose * (43 g.; Fischer, Ber., 1916, 49, 584) in dry S-free xylene (120 c.c.) was added, 
the condenser fitted, and the mixture heated for 15 min. at 170°. The hot solution was decanted 
from AgBr, cooled, and diluted with ligroin until no further ppt. formed. The liquid was 
decanted, and the residue dissolved in warm Et,O, from which crystals (5 g.), m. p. 157—167°, 
were obtained by careful concn. The Et,O filtrate contained a more sol. gum (see below). 
3-Tetra-aceto-8-glucosido-4-methylglyoxaline crystallised from #H,0 in colourless needles, m. p. 
176° (Found : C, 52:3; H, 5-8; N, 6-9. C,H 24OoN requires C, 52-3; H, 5-9; N, 68%), 
readily sol. in EtOH and acetone but only sparingly in H,O and Et,O. 

The methiodide, prepared by heating the base (0-38 g.) with Mel (3 c.c.) at 120—130° for 3 hr., 
separated as yellow crystals, which, recryst. from EtOH, formed elongated rectangular tablets 
(0-40 g.), m. p. 232° (decomp.) (Found: C, 41-4; H, 5-0. C,,H,,O,N,I requires C, 41-1; H, 
4-9%). 

The gum obtained from the Et,O soln. (see above) was sparingly sol. in hot H,O, and was 
therefore not recovered methylglyoxaline. It yielded large amounts of a cryst. picrolonate, 
which was sparingly sol. in EtOH. When re-examined after 3 months, the gum had become 
strongly acid in reaction, and AcOH could be detected by smell. Very little picrolonate was 
then formed in EtOH solution. These facts suggest that the gum may have contained consider- 
able amounts of 1-tetra-acetoglucosido-4-methylglyoxaline. 

3-8-Glucosido-4-methylglyoxaline Methochloroaurate——An aq. solution (2 c.c.) of the metho- 
chloride of (V) prepared from the methiodide (0-4 g.) by means of AgCl was heated with HCl 
aq. (20 c.c. of 5%) for 1-5 hr. at 100° and evaporated to dryness in a desiccator. The residue 
was taken upin H,O, mixed with chloroauric acid (3-5c.c. containing 175 mg. Au), and evaporated 
in a desiccator to2c.c. The methochloroauraie (0-26 g.) separated in pale yellow, coarse tablets, 
m. p. 144—145° (Found: C, 21-9; H, 3-2; N, 4:4; Au, 33-1. C,,H,g0;N,Cl,Au requires C 
22:1; H, 3-2; N, 4:7; Au, 33-11%). 

Isolation of 1: 4-Dimethylglyoxaline.—3-Glucosido-4-methylglyoxaline methochloroaurate 
was recovered unchanged (m. p. 145°) after being heated with boiling 21% HCl aq. for 1-5 hr. 
The methochloroaurate (0-20 g.) was heated with HCl aq. (5 c.c. of 38%) in a sealed tube for 2 hr. 
at 150°. The solution was evaporated to dryness, and when H,O (5 c.c.) was added, 1 : 4-di- 
methylglyoxaline chloroaurate separated in sheaves of prismatic needles, m. p. 138°, which 
dissolved readily in cold EtOH (Found: Au, 45-9. Calc. for C;SH,N,,HAuCl,: Au, 45-2%). 
1 : 4-Dimethylglyoxaline chloroaurate melts at 137—138° and is readily sol. in EtOH, whereas 
1 : 5-dimethylglyoxaline chloroaurate melts at 218—219° and is sparingly sol. in EtOH (Pyman 
J., 1910, 97, 1814). 

Tetra-aceto-B-glucosidotheophylline. 

Action of Methyl Iodide.—Tetra-acetobromoglucose failed to react with silver theophylline 
under Fischer’s conditions (loc. cit.) after the silver salt had been dried at 140° for 2hr. Small 
quantities of theophylline only could be isolated. The following modification was adopted. 
Silver theophylline (6-5 g., dried at 100° for 30 min.) and S-free xylene (100 c.c.) were heated at 
180° so that the H,O and half the xylene distilled away. Acetobromoglucose (9-4 g.) was added 
to the residue, and the mixture was boiled vigorously for 5 min., filtered hot, cooled to 70°, 
and filtered again to remove a small quantity of theophylline. The cooled filtrate was mixed 
with light petroleum (260 c.c.), and the glucoside collected, washed with light petroleum, and 
crystallised from H,O; m. p. 163—164°; yield, 6-1 g. 

(i) The glucoside (2 g.) and Mel (15 c.c.) were heated in a sealed tube at 145—150° for 6 hr. 
(liberation of I and some charring). After evaporation of the Mel, the residue was dissolved 
in acetone (100 c.c.) and filtered from traces of C, the acetone evaporated, and the solid dissolved 
in boiling EtOH (100 c.c.). On cooling, the periodide of caffeine methiodide separated in dark 
red-brown columns, m. p. 159—160°, and when I was added to the alc. mother-liquor a further 
quantity of the periodide separated. This periodide decomposed slowly when heated with 
boiling H,O, and when the liberation of I was finished, the resulting solution of caffeine methiodide 
was evaporated to dryness, the solid dissolved in hot MeOH (10 c.c.), and hot EtOAc (10 c.c.) 
added. The methiodide (1-2 g.) separated, and crystallised from abs. EtOH in columns, m. p. 
190—191° (decomp.) (Found in material dried at 80°: C, 30-8; H, 4:2. Calc. for 
C,H,,0,.N,1,H,O: C, 30-5; H, 4-2%). When it was heated at 190°, MeI and H,O were evolved, 
and the residue consisted of caffeine, m. p. 233°, which was further identified by the formation 
of the palladochloride, which crystallised in pale yellow, irregular leaflets with staggered edges 


* Crystn. from Et,O is simpler and more effective than from amyl alcohol as recommended by 
Fischer. 
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(Gulland and Macrae, J., 1932, 2231). An aq. solution of the methiodide, when shaken with 
AgOH and evaporated (Schmidt and Schilling, Joc. cit.), yielded caffeine methohydroxide, 
m. p. 85—87°, and 132—134° after being dried at 100° (Found in material dried in a vac.: C, 
44-9; H, 6-6; N, 22-9. Calc. for CjH,,0,N,,H,O: C, 44-3; H, 6-6; N, 22-9%). 

(ii) An unsuccessful attempt was made to avoid fission of the glucoside by methylating the 
substance at a lower temp. The glucoside (3 g.) and Mel (15 c.c.) were heated at 125° for 
36 hr., and acetone (150 c.c.) was added (A); an iodide (40 mg.) remained undissolved as pale 
yellow, elongated plates with rounded ends, m. p. 208° (decomp.) (Found: C, 20-4; H, 2-5; 
N, 9-1; I, 46-8. C;H,O,N,I requires C, 21-0; H, 2-4; N, 9-8; I, 44-5%). Weare unable to 
assign a formula to this substance unless it be 4-keto-5-hydroxy-1(3)-methyl-4 : 5-dihydro- 
glyoxaline-5-carboxylic acid hydriodide, but the analytical figures indicate that decomp. of the 
purine ring systems has occurred. 

The acetone solution (A) contained a smal] amount of caffeine methiodide periodide and much 
unchanged glucoside. When C,H, was substituted for acetone at stage (A), a mixture con- 
sisting only of periodide and the substance, m. p. 208°, remained undissolved, and the C,H, 
contained only unchanged glucoside. No other substances were produced in the reaction. 

An attempt to methylate the glucoside with MeCl (MeI and AgCl) at 130° yielded only 
unchanged material. 

Action of Benzyl Chloride.—The glucoside (1 g.), anhyd. K,CO, (0-5 g.), and neutral 
PhCH,Cl (10 c.c.), protected from moisture, were heated under reflux at 190° for 3 hr. The 
PhCH,Cl was distilled in vac. and the last traces were removed with light petroleum. The 
odour of benzyl acetate was noticeable. The residue was extracted with hot abs. EtOH, from 
which theophylline-d-glucoside separated in colourless leaflets, m. p. 267—-269° (Found in material 
dried at 110°/10 mm.: C, 45-5; H, 5-3; N, 16-2. Calc. for C,,H,,0,N,: C, 45-6; H, 5-3; 
N, 16-4%). 

Other Experiments.—(i) By heating 8-chlorocaffeine with NaOMe, Fischer (Ber., 1884, 17, 
1785) obtained 8-methoxycaffeine, which Wislicenus and K6érber (Ber., 1902, 35, 1991) converted 
into tetramethyluric acid. An attempt to conduct an analogous series of reactions with the 
glucoside yielded no cryst. material, and was abandoned. 

(ii) Boehringer und Séhne (Chem. Zenir., 1901, i, 1219) prepared 9-alkylxanthines by the 
interaction of uramil with alkyl isothiocyanates. Unsuccessful attempts were made to carry 
out analogous expts. with dimethyluramil and tetra-acetoglucose isothiocyanate (Fischer, Ber., 
1914, 47, 1377) in anisole, xylene, HO, and NaHCO, solutions. In each case the isothiocyanate 
was recovered unchanged, and identified by conversion into the thiourethane (Fischer, Joc. cit.). 


Xanthosine. 


Enzymatic Preparation of Guanosine from Guanylic Acid.—An aq. solution of guanylic acid, 
prepared from yeast nucleic acid (50 g.) (Buell and Perkins, J. Biol. Chem., 1927, 72, 21), was 
brought to pg 8-6 with NaOH (final vol., 200 c.c.) and mixed with a filtered aq. solution of a bone 
phosphatase prepn. (250 mg. of A/W= 0-23, dispersed by shaking in 100 c.c. of HJO; Martland 
and Robison, Biochem. J., 1929, 23, 237). The mixture was incubated at 37°, and the progress 
of the hydrolysis followed by estimating colorimetrically the free and the total phosphate. 


pn ne EEE TT rm 14 18 
Free phosphate, mg. P 196 211 
Total phosphate, mg. P 207 214 


As the hydrolysis proceeded, the guanosine separated in long colourless needles, m. p. 241°, 
which were collected after 12 hr. at 0°, and when recryst. from H,O (yield, 1-7 g.) melted at 
242° (decomp.) (Found: N, 21-5. Calc. for C,gH,,0;N,,2H,O: N, 21-9%). This guanosine 
was identical with a specimen prepared by the ammoniacal hydrolysis of yeast nucleic acid. 

Xanthosine from Guanosine.—It has been necessary to modify the procedure of Levene and 
Jacobs (Ber., 1910, 43, 3150) as regards the amount of AcOH used and the method of isolation. 
Guanosine (1 g.) was dissolved in boiling NaNO, aq. (2°8 g. in 7-5 c.c. of H,O), and the solution 
cooled rapidly so that the guanosine separated as a caseous mass. AcOH (1-5 c.c. of glacial 
acid in 6 c.c. of H,O) was added, and the mixture simultaneously stirred and warmed gently on 
the water-bath until the guanosine had completely dissolved. The solution was cooled, and 
treated with small quantities of neutral lead acetate solution and dil. NH, aq., until no further 
ppt. appeared on the addition of a drop of either reagent. The lead salt was collected, washed 
with H,O, suspended in hot H,O, and decomposed with H,S. The filtrate from the PbS was 
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concentrated to 100 c.c. in vac., and xanthosine (0-55 g.) separated in colourless prismatic rods 
(Found: N, 20-1. Calc. for C,gH,,O,N,: N, 19-7%). 

Methylation of Xanthosine. 3: 9-Dimethylxanthine.—The following description is typical 
of a large number of expts. Xanthosine (200 mg.) and Mel (2 c.c.) were heated for 3 hr. at 
140—150° in a sealed tube. I was liberated and some charring occurred. After distillation of 
the excess of Mel, the residue was extracted with cold acetone (50 c.c.). The acetone solution 
(A) and the insol. residue (B) were examined separately. 

(A) The acetone was distilled from the extract, and the dark-coloured periodide decomposed 
by being heated with boiling H,O (10 c.c.) until no more I was liberated. The aq. solution was 
concentrated in a vac. desiccator, and the residual light-brown solid stirred with a little acetone. 
3: 9-Dimethylxanthine hydriodide (60 mg.) remained as a pale yellow powder containing traces 
of free pentose, as shown by the phloroglucinol test (Found: C, 27-0; H, 3:3; I, 40-6. 
C,H,O,N,,HI requires C, 27-2; H, 2-9; I, 41-3%). When heated very rapidly (electric block), 
this salt melted at 250°, evolving HI, resolidified, and melted unsharply at about 340°, 
evolving an alkaline gas. Its aq. solution was strongly acid to Congo-red paper (0°5% soln. 
had px, 2). 

(B) The solid, dissolved in cold H,O (10 c.c.), was filtered from C, and the solution evaporated 
to dryness in a vac. desiccator. 3: 9-Dimethylxanthine hydriodide (70 mg.) remained as a pale 
yellow powder, containing traces of pentose (Found : C, 25-9; H, 3-1; I, 41-0%). Its properties 
were identical with those described above. 

The hydriodide (270 mg.) in H,O (5 c.c.) was converted into the hydrochloride (isolated 
later, m. p. 290°) by treatment with AgCl (350 mg.), and PdCl, (9c.c. of 2% soln.) was added to 
the filtrate, heated at 100°. The palladochloride separated slowly in stellate clusters of yellow 
elongated tablets (155 mg.) which were very sparingly sol. in boiling H,O [Found: Cl, 13-6; 
Pd, 20-4. (C,H,O,N,).,PdCl, requires Cl, 13-2; Pd, 19-9%]. The palladochloride (130 mg.) 
and freshly pptd. Ag (250 mg.) were shaken in hot H,O (10 c.c.) for 1 hr., and the hot filtrate 
evaporated to 2c.c. On cooling, pure 3 : 9-dimethylxanthine (75 mg.) separated in rectangular 
plates, m. p. 364°, with evolution of MeNH, (Found: C, 46-6; H, 4:4; N, 30-7. Calc. for 
C,H,O,.N,: C, 46-7; H, 4:4; N, 31-1%). The chloroaurate separated in clusters of small 
needles, m. p. 292—293° (decomp.), when AuCl, was added to a solution in conc. HCl; Biltz 
and Strufe (Annalen, 1921, 423, 200) give m. p. 297—300° (corr.). 

Methylation of Xanthine —Xanthine (400 mg.) was heated at 140° for 3 hr. with Mel (5c.c.). 
The product was treated with acetone and with H,O as above, and a small yield of 3 : 9-dimethyl- 
xanthine hydriodide was isolated. The remainder of the xanthine was recovered unchanged. 
The hydriodide was identified by conversion into the free base, the chloroaurate and the pallado- 
chloride. 

Methylation of Theophylline ——Theophylline (1 g.) and Mel (5 c.c.) were heated at 130° for 
4 hr., and the Mel evaporated. The residue of caffeine hydriodide dissolved readily in H,O 
(10 c.c.), forming a solution acid to Congo-red, and was shaken with excess of AgCl to remove I, 
mixed with a 2% solution of PdCl, (40 c.c.), and heated at 100° for 1 hr. By decomp. of the 
palladochloride with Ag in the usual way, caffeine (0-8 g.) was obtained; it was identified by 
mixed m. p. and cryst. form of the palladochloride (Gulland and Macrae, loc. cit.). The filtrate 
from which the caffeine had separated contained traces of theophylline and caffeine metho- 
chloride. 

Methylation of Xanthosine in Presence of Barium Carbonate.—Xanthosine (500 mg.), dry 
BaCO, (3 g.), and Mel (5c.c.) were heated for 3 hr. at 140°. After evapn. of the Mel, the residue 
was extracted with hot acetone (50 c.c.) and the extract (A) and the insol. solid (B) were examined 
separately. 

(A) The acetone was distilled, and an aq. solution (20 c.c.) of the residue was shaken with 
AgCl to remove I, and evaporated to dryness in a vac. desiccator. When this material was 
extracted with hot anhyd. EtOH (20c.c.), BaCl, remained undissolved, and the filtrate contained 
theobromine and theobromine methochloride. After concn. to 5c.c., the alc. solution deposited 
crystals which were identified as theobromfhe (50 mg.) by crystn. from EtOH or H,O in very 
sparingly sol., colourless, minute, cigar-shaped crystals, m. p. 320—340° (decomp.), and by 
conversion into the chloroaurate and palladochloride, which formed stellate or frond-like clusters 
of leaf-shaped needles. These derivatives were identical in cryst. form and/or m. p. with 
those prepared from authentic theobromine. When the alc. mother-liquors were concentrated 
to 2 c.c., theobromine methochloride (50 mg.) separated in colourless columns, m. p. 320—340° 
(decomp.), which were very sol. in H,O (Found in material dried at 80°/10 mm.: C, 39-1; H, 
5°3. C,H,,O,N,Cl,H,O requires C, 38-7; H, 5-2%). 
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The methochloroaurate, prepared by adding AuCl, to a solution in conc. HCl, formed wool- 
like yellow needles, m. p. 265° (decomp.) after darkening at 200°. 

(B) The residue, consisting chiefly of BaCO;, was extracted with boiling H,O (20 c.c.), and 
the solution shaken with AgCl and evaporated to dryness. The residue was extracted with hot 
EtOH (20 c.c.) to remove insol. BaCl,, and the solution evaporated to dryness, leaving a gum 
which contained free pentose. An aq. solution of this gum yielded large quantities of theo- 
bromine methochloroaurate, m. p. 265°, when mixed with AuCl, and HCl. 

Attempted Oxidation of Xanthosine and Guanosine with Xanthine Dehydrogenase of Milk.— 
A dry prepn. of xanthine dehydrogenase was prepared from fresh cows’ milk, and contained 
0-5 enzyme units per mg. (Wieland and Rosenfeld, Annalen, 1929, 477, 32). The procedure 
adopted was to place the enzyme, H,O, and buffer solution in a rubber-stoppered Thunberg tube 
in a thermostat at 37°. In order to drive out air, N, free from O and S, was bubbled through 
the solution for 3 min.; the tube was then evacuated and again swept out. This sequence was 
repeated, and the substrate in aq. methylene-blue solution was added from a micro-burette 
fitted in the rubber stopper. The total vol. was 5c.c. The time of decolorisation of the methyl- 
ene-blue was noted. The experimental details are given below. 


Enzyme soln., Substrate, Buffer, c.c. Methylene- 
cc. C.C. M /20- blue, c.c. 

1 C.c. = 10.mg. M /100-aq. phosphate. Water, c.c. N/1000. Decolorisation. 
0:2 Xanthine . 1: / 1:00, 1°05 min. 
‘2 Xanthosine . , , None in 4 hr. 
‘0 Xanthosine . M 
‘2 Xanthosine 
*2 Guanosine 
2-0 Guanosine “ A ; 
0-2 Guanosine ‘ : 0: 


10 
1-0 0 
1-0 2 
2°0 0 
1-0 0 
1-0 
2-0 
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171. Solid—Liquid Equilibria in the System Nitrobenzene—m-Dinitrobenzene. 
By Datziet Lit. HAMMicK and T. KENNETH HANSON. 


TEMPERATURES of solid-liquid equilibria in the system nitrobenzene-m-dinitrobenzene 
have been reported in a previous communication (Hammick, Andrew, and Hampson, J., 
1932, 171). The results there recorded were the temperatures, reproducible to within 
+ 0-3—0-4°, at which small traces of solid phase, of known composition, were just in 
equilibrium with liquid phases of known composition. Lehmstedt (Ber., 1932, 65, 1218) 
declares, however, that these data are unreliable and that the conclusion drawn from them 
as to the composition of the molecular compound C,H,;*NO,,CgH,(NO,), is incorrect. In 
view of the fact that many solubility data in two-component systems have been obtained 
by the method employed by Hammick, Andrew, and Hampson, and that important con- 
clusions as to molecular composition have been drawn from such data, we feel that it is 
necessary to point out that Lehmstedt’s statement is unsupported by experimental evidence. 
He refers to van der Linden (Helv. Chim. Acta, 1932, 15, 592), who, however, merely shows 
that in three-component systems solubility determinations made by “ melting point ”’ 
methods are often unreliable owing to doubt as to the composition of the solid phase. We 
therefore maintain that the synthetic method for finding temperatures of solid—liquid 
equilibria in two-component systems gives results that mean precisely what they say 
within the limits set by the reproducibility of the equilibrium temperatures, as indicated 
above. 


In order to remove any doubt as to the reproducibility of results obtained by the synthetic 
method in the particular system under discussion, we have redetermined solubilities of m- 
dinitrobenzene in nitrobenzene, using the procedure already described (/oc. cit.). Our results 
are given below, where T = temp. of solid—liquid equilibrium for liquid phase of composition 
x, in mols. % of m-dinitrobenzene. 

13°1° 17°8° 22-0° 22°8° 23-9° 25°7° 30°4° 35°0° 40°0° 66-0° 
18°72 24°75 25°58 = 28°10 30°22 34:36 = 37°67 = 41°28 656 
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The above data, together with those obtained by Hammick, Andrew, and Hampson, give 
the upper curve (with black dots) in the fig., in which Lehmstedt’s results are also shown (open 
circles). In order to avoid confusing the curve, the whole of our available data is not shown 
as points. 

Tt will be observed that the results of the present investigation and of the earlier work lie 
very well on the same curves, whereas Lehmstedt’s results give curves entirely different in 
character. Our curves show an incongruent m. p. at about 25°, x = 33%. The composition 
of the solid phases in equilibrium at room temp. has been found by two methods. m-Dinitro- 
benzene was recrystallised from Ph-NOg, the solid phase being removed by filtration and rapidly 
dried by rubbing on porous tile. A portion of the solid was then enclosed in a bulb tube, and 
the temp. at which the last trace of cryst. solid phase was just in equil. with the liquid was 
found in the usual way. From the temp.—compn. curve the compn. of the solid phase was 
found to be 49-3 mols. % of CgH,(NO,)>. 

A second portion of the solid phase in equil. at room temp. was analysed [Found : N, 14-57. 
C,H,"NO,,C,H,(NO,), requires N, 14-43%. 2C,H,-NO,.,CgH,(NO,), requires N, 13-52%]. 








90° a 





perature. 
D 
Ss 
oO 


Jem, 
i ¢) 
S 

o 


























60 80 
m-Dinitrobenzene, mols. %. 


@ = Authors’ results. O = Lehmstedt’s resuits. 


These results support our view that the compound in the system is C,H,-NO,,C,H,(NO,)>. 
It cannot, of course, be claimed that no PhNO, was lost by vaporisation during drying on the 
porous tile. Nevertheless, the low v. p. of PhNO, itself at room temp. enables us to conclude 
that such loss must be very small. 


Lehmstedt interprets his results as evidence for 2C,H;*NO,,C,H,(NO,).. His data 
were obtained, however, by cooling homogeneous mixtures of the two components, and it 
is not clear from his account whether separation of the solid phase was detected by the 
“thermal arrest ’’ method or by observation of the crystal shower. In either case, and 
particularly in the former, corrections for supercooling must be applied even in systems 
less prone to supercooling than the one under discussion (cf. van der Linden, Joc. cit.). 
In our experience, the presence of traces of solid phase, as in Lehmstedt’s experiments, 
is quite ineffective in preventing considerable supercooling unless the rate of cooling is 
very slow indeed. We would suggest, therefore, that the difference between our results 
and Lehmstedt’s is due to progressive supercooling in his experiments as the system pro- 
ceeds from pure dinitrobenzene to about 33 mols. %. A new phase, much nearer in com- 
position to the liquid phase than dinitrobenzene, here making its appearance, supercooling 
is likely to become suddenly less and, as we proceed towards the pure nitrobenzene end of 
the diagram, to increase again. The only conclusion we would therefore be prepared to 
draw from Lehmstedt’s curve is that at the hump with an almost vertical side at the 
liquidus composition of about 33 mols. % of dinitrobenzene a new phase makes its ap- 
pearance. The conclusion that the summit of the hump represents a true congruent m. p. 
is difficult to accept in the face of our results in which supercooling is not in question and 
in view of the obvious possibility of supercooling in Lehmstedt’s experiments. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, March 30th, 1933.] 
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172. The Existence of Aromatic Bisnitroso-compounds of the Type 
R’'N,0,R”. 


By Datzret Li. Hammicx, Witt1AM A. M. Epwarps, WALTER S. ILLINGWORTH, 
and FREDERICK R. SNELL. 


THERE is no @ priori reason why mixed bimolecular aromatic nitroso-compounds of the 
type R’N,O,R” should not exist with a stability at least of the same order as that of the 
ordinary bimolecular forms. The present investigation was therefore undertaken in the 
expectation that such mixed forms would readily be obtained, and in the hope that, by 
varying the polar nature of the substituents in the aryl groups R’ and R”, unsymmetrical 
bisnitroso-compounds might be obtained of sufficient stability for their individual chemical 
properties to be studied in the absence of their dissociation products. We have, however, 
found only two examples of solid mixed bisnitroso-compounds capable of existence in solid— 
liquid equilibrium; but evidence has been obtained from cryoscopic measurements in 
benzene of the presence of mixed bimolecular nitroso-molecules in some cases where the 


solid compounds apparently do not exist. 


EXPERIMENTAL. 


Solid—liquid equilibria were investigated in a number of two-component mixtures of aromatic 
nitroso-compounds. The usual methods for determining equil. temps. were unsuitable. The 
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A, mols. %. 

@ = o-Nitronitrosobenzene (A)-nitrosomesitylene, 

O = 4-Nitroso-m-xylene (A)-nitrosomesitylene. 
construction of heating and cooling curves, or the observation of the temps. at which small 
particles of solid phase are just in equilibrium with liquids of known composition, involves 
the maintenance of the nitroso-compounds for considerable periods of time at temps. at which 
decomp. takes place. A modification of the latter method was therefore adopted, whereby 
very small quantities of solid could be heated comparatively rapidly to the temp. of solid— 
liquid equilibrium. Mixtures of known composition of the two components were fused to ensure 
complete mixing and rapidly chilled. The solid mixture was then powdered and introduced 
into capillary tubes; these were fixed to a thermometer and heated in an oil-bath. The solid 
‘ was observed with a lens, the “ eutectic softening ’’ being usually easily detected (-+- 1-0°) 
owing to the distinctive green colour of the first trace of liquid nitroso-compound formed. The 
temp. of disappearance of the last crystal of solid phase was reproducible, with different specimens 
of the same mixture, to within at most + 0-5°, and in all cases a mean of at least three deter- 
minations was taken. 

The nitroso-compounds examined were prepared by standard methods. The data obtained 
are givenin TableI. The temps. 7, and 7, are those of solid—liquid equilibrium and of incipient 
fusion (eutectic softening) respectively. Points on the solidus curve (7) are given only where 
there is clear evidence of solid solution. 

The data for the systems of nitrosomesitylene with 4-nitroso-m-xylene and with o-nitro- 
nitrosobenzene are plotted in the fig., where the curves show in each case the existence of an 
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TABLE I. 
A, mols. %. T. T,. A, mols. %. T;. T;. A, mols. %. T;. ae 
p-Nitrosotoluene (A) and o-Nitrosoanisole (A) and m-Nitronitrosobenzene (A) and 
nitrosobenzene. p-bromonitrosobenzene. p-nitrosodimethylaniline. 
0-0 68°0° — 0° 92-8° — 0-0 85°0° -- 
27°8 53°9 31-0° 5-8 90-2 70-0° 6-0 80-0 71-0° 
33°6 50°4 32-0 140 87°8 69°5 16:8 71:0 59:0 
41-1 46-0 31-0 25°4 84°5 69-0 24:0 64°1 54°5 
44°7 45°5 32-0 33:1 80°3 70-0 33°5 55°8 51°5 
53°3 40°5 31-0 40°7 78°2 70°0 46:2 55°5 51-0 
58°1 38:2 28-0 49°9 73°9 72-0 57-2 66°5 515 
63-2 33°5 29-0 59-0 78°2 70°0 64°5 73°0 60°0 
67-0 32-0 31-5 68°1 84-6 71-0 72°7 80-0 69°5 
78°0 36°0 33°5 17°4 90-0 70°0 88°6 87°1 80°5 
89°5 42-0 39°5 91-2 96°4 72°0 93°4 88°5 81-0 
100°0 47°0 — 100-0 101-7 — 100-0 90-0 ~- 
o-Nitrosotoluene and o-Nitrosotoluene (A) and p-Bromonitrosobenzene (A) 
nitrosobenzene (A). p-nitrosotoluene. and m-nitronitrosobenzene. 
0-0 720 — 0-0 47-0 — 0-0 90:0 — 
79 63-0 57°0 7°6 41°6 34:0 55 88°5 80°0 
21°5 57°9 50°0 18°5 37°7 32°0 78 87°5 78°0 
27°4 55°2 45°0 23°6 35°7 33°0 14:2 85-0 70°0 
33°1 53-0 46-0 26-9 34-2 33°0 21°5 82°5 67-0 
41°1 50°2 42-0 29°8 35-0 33°0 30°6 79°5 67°0 
47°0 48°8 44-0 39°6 42-0 30°5 449 71-0 67°0 
51:0 48°9 440 45:1 46°5 33°0 51-7 76°1 67°0 
53°2 49°8 45°0 52°3 50°9 — 60°5 82-0 67°0 
55°7 51:9 44-0 69°7 61°5 -- 73°3 86°9 70°0 
69°2 60°4 44-0 79°5 65°4 35-0 79°4 88-0 75°5 
84°8 67°0 46°0 89-0 67°6 45°0 89°8 91-0 82-0 
100-0 68-0 — 100-0 72-0 — 100°0 93-0 -- 
o-Nitronitrosobenzene (A) and Nitrosomesitylene (A) and lage cn ne (A) and 
nitrosomesitylene. o-nitrosotoluene. nitrosomesity ee 
0-0 122-0 — 0-0 72:0 — A, mols. %,. T;. 
16°5 112°3 90-0 13°0 66°2 53°0 0-0 122-0 
22°7 108°5 92°0 23°8 61-2 55°0 26°0 114-0 
33°7 101-0 _— 29°5 58°7 54°0 39°0 103-0 
34°8 100-2 90°0 32°5 57-0 53°0 41°8 100°5 
36°5 99°0 — 34°8 55-2 54°0 44:0 95-1 
39°8 99-0 91-0 39°7 80°4 56°0 46-0 91-0 
48°2 104-0 99°0 43°5 85-0 54:0 47°2 93°0 
54°2 104°2 99-0 47°6 89°5 56-0 50-0 94°5 
59°9 102°1 101-0 50°8 93-0 56-0 54°9 92-0 
64°5 103°5 99°0 54°9 96°0 55°0 59°1 89°0 
69°7 107-0 — 64°2 101-9 54:0 66-0 80:0 
73°6 109°1 101-0 70°5 106-1 56-0 75:1 66°3 
82°5 115°0 1010 100°0 122-0 — 89°2 36°2 
100-0 126-0 —_— 96°0 35°1 
100-0 42°5 
o-Nitrosoanisole (A) and s-Tribromonitroso- 4-Nitroso-m-xylene m-Nitronitroso- 
nitrosomesitylene. benzene (A) and (A) and o-nitroso- benzene (A) and 
0-0 122-0 a nitrosomesitylene. toluene. nitrosomesitylene 
30°1 1080 69-0 A,mols.%. Ty. A,mols.%. Ty. A,mols.%. TT}. 
37-0 102°6 se 0-0 122-0° 0-0 72-0° 0-0 122-0° 
48°0 92°2 70°0 10-0 117°5 19-0 65:1 20-0 110-0 
+ —<t ae 27°38 —-:108-0 29°9 60°5 26-2 1061 
4 jd a 39°8 98-2 39-2 56°5 34°8 98-2 
1000 101-7 46-0 97:1 48-0 51-0 50-0 86-0 
wis 53°3 100°6 512 47°3 59-0 74°5 
62°9 105-0 59°3 38°5 66-2 66°2 
79°0 112-2 69:1 27-0 78°8 750 
100-0 120-0 78°0 35°5 91:3 85-0 
100-0 42°5 100-0 90-0 


equimol. bisnitroso-compound with congruent m. p. The plots for the remainder of the systems 
show no indication of compound formation. In several cases evidence has been obtained of 
partial miscibility in the solid phases. 

Evidence for the existence of certain mixed bisnitroso-molecules in solution has been obtained 
from measurements of the depressions of the f. p. of C,H, by two nitroso-compounds separately 





at ti mrhtet ak Af 


an ff OK het 


Aromatic Bisnitroso-compounds of the Type R’'N,O,R”. 673 


and in the presence of each other. If no interaction occurred, the depression produced by the 
mixture would be the sum of those caused by each nitroso-compound separately; but if inter- 
action took place, the resulting diminution in the total number of solute molecules would lead 
to a calc. mol. wt. greater than the mean mol. wt. of the mixed solute. The data for the four 
pairs of nitroso-compounds given in Table II were obtained by first finding the f. p. of a solution 
containing a fixed quantity of the first component and then determining the f. p.’s after suc- 
cessive additions of small quantities of the second component. The depressions thus caused, 
when plotted against the wts. of the second component, give satisfactory straight lines passing 
through the origin, from the slope of which mean apparent mol. wts. were calculated. 

The cryoscopic constants K of the two different specimens of C,H, used were found from 
preliminary expts. with pure C,,H,. The f. p. depressions given in Table II refer to 20 g. of 
C,H, containing the wts. of solute recorded. AT, is the depression produced by the addition 
of the first component (A); the values of AT are the subsequent depressions caused by successive 
additions of the second solute (B). MM}, is the formula weight of unimolecular B. 


TABLE II. 


o-Nitrosotoluene (A); p-bromonitrosobenzene (B). »-Bromonitrosobenzene (A); 0-nitrosotoluene (B). 
K = 51:2; A= 0°1487 g.; AT, = 0°304°. K = 51:2; A = 0°2362 g.; AT, = 0°322°. 


B, g. AT. B, g. AT. B, g. AT. B, g. AT. 
0°0261 0°042° 0°1942 0°272° 0°0741 0°149° 0°1500 0°290° 
0°0703 0°109 0°3044 0°414 0°1140 0-222 0°1678 0°338 
0°1410 0°202 


(Mean) My = 186; M}; = 186. 


o-Nitrosotoluene (A); nitrosomesitylene (B). 
K = 51:2; A= 0°1518 g.; AT, = 0°312°. 
0:0192 0°024 0°1116 07121 
0°0441 0°044 0°1848 0°186 


(Mean) Mg = 251; Mj}; = 149. 


o-Nitrosoanisole (A); nitrosomesitylene (B). 
K = 52:2; A= 0°0994 g.; AT, = 0°250°. 


(Mean) Mg = 126; Mj = 121. 


Nitrosomesitylene (A); o-nitrosotoluene (B). 
K = 51:2; A= 0°3286 g.; AT, = 0°158°. 


0:0710 0-123 0°1807 0°319 
0°1196 0°209 0°2170 0°375 
0°1541 0-270 


(Mean) Mg = 148; Mj; = 121. 


Nitrosomesitylene (A); o-nitrosoanisole (B). 
K = 52:2; A= 0°1862 g.; AT, = 0°152°. 





0°0217 0°024 0°1030 0°094 0°0530 0:078 0°1307 0°199 
0°0425 0-039 0°1552 0°142 0°0895 0°136 0°1667 0°263 
0°0729 0-068 


(Mean) My = 280; Mj; = 149. (Mean) My = 161; Mj = 137. 


Nitrosomesitylene (A); w-nitrosotoluene (B). 


w-Nitrosotoluene (A); nitrosomesitylene (B). 
K = 51:2; A= 0°1783 g.; AT, = 0°155°. 


K = 61-2; A = 01026 g.; AT, = 0°292°. 


0°0235 0-024 0°1023 0°106 0°0280 0°030 0°1251 0°135 
0°0548 0°056 0°1195 07120 0°1087 0°116 0°1537 0°163 
0°0822 0-081 


(Mean) Mz = 256; Mi; = 149. (Mean) Mg = 237; Mt; = 121. 
The apparent mol. wts. in C,H, of the components of the above mixtures of nitroso-compounds, 
with the exception of w-nitrosotoluene, have already been reported (Hammick, J., 1931, 3105). 
The mol. wt. of the latter substance [M = 242 for (CH,Ph-NO),] in HOAc has been determined 
by Behrend and K6nig (Amnalen, 1891, 263, 212); they found values of 257 and 263, which 
point to association of the nitroso-compound above bimolecular and are probably not accurate. 
In benzene (K = 51-2) we find the following depressions of f. p. for 20 g. of CgHg. 

WE. GRRBR, ©. cccccsecsccesccesesoseseees 0°0321 0-0686 0°1026 0°1492 

4T 0°037° 0°081° 0°120° 0°175° 
From the slope of the A7—concn. line, we find Mops, = 220, which indicates that the association 
is x = 100 (Mop, — M®)/M® = 82% (where M® refers to the simple molecule). 

In Table III are given (1) the apparent mol. wts. in C,H, of each of the components of the 
mixed solutes taken separately, (2) the apparent mol. wts. of each solute in the presence of 
the other, (3) the formula weight of the simple molecule, Mj. Examination of the results 
shows no appreciable compound formation for the first pair. For the second and third pairs 
the data show definite indications of intermolecular compound formation, which is not revealed 
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TABLE III. 
; Mg (in presence 

Ist Solute (A). 2nd Solute (B). Mz. of A). M};. 
o-Nitrosotoluene p-Bromonitrosobenzene 189 186 186 
p-Bromonitrosobenzene 0-Nitrosotoluene 131 126 121 
Nitrosomesitylene o-Nitrosotoluene 131 148 121 
o-Nitrosotoluene Nitrosomesitylene 234 251 149 
Nitrosomesitylene o-Nitrosoanisole 145 161 137 
o-Nitrosoanisole Nitrosomesitylene 234 280 149 
w-Nitrosotoluene Nitrosomesitylene 234 256 149 
Nitrosomesitylene w-Nitrosotoluene 224 237 121 


by the solid—liquid equilibria data. The results for the w-nitrosotoluene—nitrosomesitylene 
system, where interaction is again found, are of special interest in that they appear to show 
that true w-nitrosotoluene molecules, CH,Ph-NO, exist as such in C,H, solution, and that 
transformation into the isomeric aldoxime is at any rate not complete. It was not possible 
to investigate solid—liquid equilibria in this system owing to the instability of w-nitrosotoluene 
above its m. p. 

SUMMARY. 


Solid-liquid equilibria have been investigated in a number of two-component mixtures 
of aromatic nitroso-compounds. Congruent-melting mixed bisnitroso-compounds of the 
type R’N,O,R” have been found in the systems 4-nitroso-m-xylene-nitrosomesitylene 
and o-nitronitrosobenzene-nitrosomesitylene. 

Cryoscopic measurements in benzene solution show the presence of unsymmetrical 
bisnitroso-molecules in mixtures of nitrosomesitylene with o-nitrosotoluene, o-nitrosoanisole, 


or w-nitrosotoluene. 
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173. The Free Energy of the Normal Aliphatic Alcohols in Aqueous 
Solution. Part I. The Partial Vapour Pressures of Aqueous 
Solutions of Methyl, n-Propyl, and n-Butyl Alcohols. Part II. 
The Solubilities of Some Normal Aliphatic Alcohols in Water. 
Part III. The Theory of Binary Solutions, and its Application 
to Aqueous-Alcoholic Solutions. 


By J. A. V. Butter, D. W. THomson, and W. H. MACLENNAN. 


Part I. 


It has been observed by one of us (Butler, Proc. Roy. Soc., A, 1932, 135, 366), judging by 
the somewhat fragmentary data available, that the difference between the molar free 
energy of the pure aliphatic alcohols and their standard free energy in dilute aqueous 
solution increases by an approximately constant amount for each additional CH, group. 
The partial pressures of ethyl-alcoholic solutions at 25° have been determined recently 
by Dobson (J., 1925, 127, 2871) and by Shaw and Butler (Proc. Roy. Soc., A, 1930, 129, 
519). The only extensive measurements of solutions of other alcohols are those of Vrewski 
(Z. physikal. Chem., 1912, 81, 1) on methyl and propyl alcohols at various temperatures 
above 30°, and of Ferguson and Funnel on methy] alcohol at 30° (J. Physical Chem., 1929, 
33, 1). In order to complete the series, we have made determinations on solutions of 
methyl, ”-propyl, and ”-butyl alcohols over the accessible range of composition. For the 
higher alcohols the desired information can be obtained from a determination of the solubility 
in water, as shown in Part II, which contains the necessary data for the normal alcohols 
from C; to Cg. 

Consider a binary mixture of water and an alcohol. Let N,, N, be the respective 


molar fractions, and /,, F, their partial molar free energies. If ,, p, are their partial 
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pressures over the solution and #?, #} their vapour pressures as pure liquids at the same 
temperature, assuming that the vapours can be regarded as perfect gases, we have 


F, = Fi + RT log p/p}; Fy =F, +RT log p/p) . . . - (I) 


where F}, F} are the molar free energies of the pure liquids. In a solution which obeys 
Raoult’s law, the partial vapour pressure of each component is proportional to its molar 
fraction, 1.¢., D,/p) = Ny, p/p? = Nz. When Raoult’s law is not obeyed we may write 


Pi/Pi = Nifii bolbi =Nofe- - - +» + + + + Q) 
where /,, f2 are the activity coefficients, which, as defined in this way, are obviously equal 
to unity in the pure liquid. Introducing these values of £,/f', £,/p} into (1), we have 


F,=F°+RT log Nyf,; Fp =F2+RT log Nef, . . . - (3) 


On the other hand, in a very dilute solution of the alcohol, its partial free energy is neces- 
sarily related to the concentration by a relation which, if it be assumed that at infinite 
dilution the alcohol molecules are not appreciably associated, may be written in the form 


F,=(Fow+RTlog Ny . . - - «1s «  @ 


where (F2)w is the standard molar free energy for the dilute aqueous solution. If /? is 
the activity coefficient in this dilute solution, according to (3) it is evident that 


(FOw—F[=RTlogff ......-.s 


f? may be determined by extrapolating the values of the activity coefficient determined 
in fairly dilute solutions to zero concentration. The quantity RT log f? obtained in this 
way measures the difference between the molar free energy of the pure alcohol and its 
standard free energy in very dilute aqueous solutions. This difference can be regarded as * 
a measure of the free energy effect of removing from a given alcohol molecule all the sur- 
rounding alcohol molecules and replacing them by water. 

Similarly if f} is the activity coefficient of water in any solvent, referred to pure water 


as unity, at infinite dilution, and (F})4 is the standard free energy defined as above in 


this solvent, _ 
(M)a—-Pi=mRTlogfi. «. «© «© «© «© «© « @ 


EXPERIMENTAL. 


Materials.—Methyl alcohol. Acetone (about 0-1%) was removed by adding excess of I and 
NaOH aq. and refluxing it until there was no further smell of CHI,;; some H,O was added, and 
the MeOH fractionated, that boiling within 1° of the correct value being collected. It was finally 
dried with Al-Hg (Hartley and Raikes, J., 1925, 127, 524); b. p. (corr.) 64-46°, D2" 0-78643. 

n-Propyl alcohol. The main impurities in the commercial alcohol were allyl alcohol and 
H,O. The amount of the former was estimated by titration with KBr—-KBrO, aq. A small 
excess of Br was added, and after standing over-night, the alcohol was fractionated, that dis- 
tilling at 95—98° being collected. This was kept over CaO for a week and then refluxed and 
fractionated. The middle fraction was collected at 97-19°+- 0-02°/760 mm.; D%* 0-7999. 

n-Butyl alcohol. This was dried over CaO for a week, refluxed for 8 hr., and fractionated ; 
the whole distilled between 118-19° and 118-35° at 775-3 mm. The middle fraction [b. p. 
117-71° (corr.)] was collected ; D%* 0-8055. 

Method.—The apparatus has already been described (Shaw and Butler, Joc. cit.). In principle 
the method is as follows. A measured vol. of dry, CO,-free air is bubbled through the solution, 
and the satd. vapour is condensed in a tube immersed in a bath of solid CO, and Et,0. In 
these determinations it was convenient to make two separate expts. on each solution: (1) the 
wt. of condensed vapour carried by a known vol. of air was determined; (2) a larger unmeasured 
vol. of air was passed, and the compn. of the condensate determined by one or other of the 
following methods according to circumstances. (i) With most of the PrOH solutions, the 
condensate was compared directly with solutions of known compn. in the Zeiss industrial 
interferometer, a rough comparison being made first in order to fix the approx. compn. Two 
solutions were then prepared accurately, one containing a slightly greater and the other a 
slightly smaller proportion of PrOH than the unknown, the compn. of which was then deter- 
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mined by assuming a linear relationship between interferometer reading and compn. The re- 
fractive index curve of these solutions has a max., in the vicinity of which the interferometer 
is insensitive. These solutions were diluted with a weighed amount of H,O, so as to bring 
the compn. into a more favourable region. 

(ii) The BuOH condensates in some cases had two phases, and these were diluted with 
sufficient H,O to produce a homogeneous solution. 

(iii) The MeOH condensates could not be measured without dilution on account of evapor- 
ation from the interferometer cell during the readings; they were therefore diluted with H,O 
to a concn. not exceeding 8%. The loss of accuracy consequent on the dilution was partly 
compensated by using a long (5 cm.) cell in the interferometer. It is extremely difficult with 
these dil. solutions to identify similar fringes, and a mistake of a single fringe causes a con- 
siderable error. In these cases, a comparison was made between the unknown and the cali- 
bration solutions with three cells of different thicknesses (0-5, 1-0, and 5-0 cm. approx.). The 
compn. corresponding to the various possible fringe readings was worked out for the three cells, 
and the proper fringes were identified by the criterion that the determined compn. must be the 
same for all the cells, which is the case for one choice of fringes but for no other. 

The partial pressures were calculated in the following way. If a vol. V of dry air is satd. 
by the solution at the temp. ¢ and at atm. press. P, and the condensate contains w, g. of H,O 
and w, g. of alcohol, the vols. of H,O and alcohol (mol. wts. M, and M,) respectively in the 
vapour are given (in c.c.) by 

vy = wW, X 22,400 x (273 + t) x 760/(M, X 273 x P), 
Ve = Wy X 22,400 x (273 + Zt) x 760/(M, X 273 x P). 


The total vol. of the satd. air is thus V + v, + v,, and the partial pressures are 
Py = Poy/(¥y +g + VV); pg = Pog/(vy + 2 + V). 


TABLE I, 


Partial pressures of water-alcohol solutions at 25°. 
Methyl alcohol solutions (” = 1). 


N;3. Fe w. #. Po Ps N2. FP. w. %. P2 Pr 
0°0202 755 0°0477 23°0 3°85 22°9 02017 760 01386 766 358 195 
759 0°0476 757 071389 
00403 «489759 00577 38°0 7°67 22°3 03973 750 02093 870 596 15°8 
758°5 0°0579 746°5 0°2095 
0°0620 763 0°0699 485 11°7, 22:2 0°6579 742°5 0°2894 93:5 85°7 10°5 
759 0°0696 751 02891 
0°0791 755°5 0°0780 55°38 151 21:2 0°8137 742°0 03469 97°2 1046 5°26 
752 0°0780 759 0°4179 
071145 749 00973 644 215 £211 1-000 750 04198 1000 1266 00 
739 0°0974 740 0°4197 


Propyl alcohol solutions (m = 2, except in first four detmns., where = 3). 
00100 740 00752 27°6 2°68 23°4 06000 756 O-1127 72:1 155 19°9 


735 0°0753 762 0°1126 
00200 765 0°0943 41:7 5°05 =23°5 08000 747 O1138 816 178 13°4 
761 0°0943 750 0°1138 
00500 770 0°0930 60°83 10°8 23-2 09000 759 O1131 888 194 813 
773 =©0°0925 764 01131 
01000 §=757 0°1048 65:9 13:2 22°7 09500 771 O-1141 943 208 4:20 
766 0°1048 766 0°1141 
02000 777 01054 67:4 13°6 21°8 1-000 770 4071120 1000 21°76 00 
775 0°1054 774 01119 
04000 744 O71085 685 14:2 21°7 
751 0°1086 
Butyl alcohol solutions (n = 3 except where otherwise noted). 
*0'0100 756 01108 34:3 2°97 23°4 0°850 765 0°0873 65:0 5°98 13°2 
754 01108 767 0°0873 
00188 756 0°1008  46°5 4°87 23:0 t 1-000 756 0°1082 100°0 6°96 0-0 
and 755 0°1082 


04876 756 0:1008 
0-700 756 00986 52:2 537 202 
756 0:0988 *n= 4, tf a= 5. 
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Results. 


-In Table I, N, is the mol. fraction of the alcohol, » the number of measured vols. of air 
passed through the solution (each vol. being 773-7 c.c. at 25°), P the mean atm. press. during 
the expt., and w the wt. of the condensate (at least two determinations of this wt. were made 
with each solution). A few determinations which showed a considerable divergence from the 
others have been rejected. + is the mean wt. % of alcohol in the condensate, as determined 
in separate expts., and ~,, p, the mean partial pressures of H,O and the alcohol. Table II 
gives the activity coeffs. f,; = p,/P°N1, fe = p2/PiN2. The v. p. of H,O at 25° has been taken 
as 23-77 mm. 

Fic. 1. 
Partial vapour-pressure ratios of the alcohols in aqueous solutions. (\ = Dobson; all other points by 
Shaw and Butler, or from this paper. 
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Molar fraction of alcohol. 
TABLE II, 
Activity coefficients in water-alcohol solutions. 
Methyl alcohol. n-Propyl alcohol. n-Butyl alcohol. 

N:: Se fi Nz. Se. Si Nz. r Sa: Si. 
0-000 — 1:00 0:00 — 1:00 0-00 — 1-00 
0°0202 1-505 0°98 0°01 12°3 0°99 0°01 42°7 1:00 
0°0403 1-503 0°98 0°02 11°6 101 0°019* 37°2 0:99 
0°0620 1-498 1:00 0°05 9°92 1:03 0°488* 1°44 1°89 
0°0791 1-505 1-02 0°10 6°05 1-06 0°70 110 2°83 
0°1145 1-482 101 0°20 3°12 1°15 0°85 101 3°70 
0°2017 1-403 1:03 0°40 1°63 1°52 1:00 1:00 _ 
0°3973 1-186 1°10 0°60 1°19 2°10 
0°6579 1-029 1°30 0°80 1:02 2°82 
0°8137 1-008 1°42 0:90 0°99 3°42 * Limits of miscibility. 
1-000 1:00 — 0°95 1:01 3°54 

1:00 1:00 — 
DISCUSSION. 


The vapour-pressure ratios (p/p) of the alcohols in the solutions are shown in Fig. 1. 
The rapidly increasing deviation from Raoult’s law, which is represented by the straight 
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line, as we pass up the series, is conspicuously exhibited. Figs. 2 and 3 show respectively 
the activity coefficients of the alcohols (logarithmic) and of water in the various solutions. 
Although there is an inaccessible region of incomplete miscibility in the butyl-alcoholic 


Fic. 2. 
Activity coefficients of lower normal alcohols in aqueous solutions. 
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solutions, the activity coefficients are compatible with a continuous curve of the same 


type as the others; approximate values in the inaccessible region have been obtained by 
completing the curve (see Fig. 2), and the partial vapour pressures of the unstable solutions, 


Fic. 3. 
Activity coefficients of water in alcoholic solutions. 
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shown by the broken line in Fig. 1, were obtained by the use of activity coefficients thus 


estimated. 
The deviation from Raoult’s law shown by propyl alcohol is only slightly less than 
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that which would cause separation into two layers. That the addition of a salt causes 
separation into two layers is a consequence of the fact, demonstrated by Shaw and Butler 
(loc. cit.), that the salt increases the partial pressure of the alcohol in its more dilute solu- 
tions and decreases its partial pressure in more concentrated solutions. In the presence 
of a moderate constant concentration of a salt, the partial-pressure curve of propyl alcohol 
will thus have a maximum, and in consequence separation into two layers will take place. 


TABLE III. 


Activity coefficients and standard free energies of alcohols in water, and of water in alcohols, at 
infinite dilution. 


Alcohol. Methyl. Ethyl. n-Propyl. n-Butyl. 
SR ssverecsccceccccccsesecerssseesssseeenees 1-507 3°48 12°5 46°5 
(F2)w — FY, Cals. ......sseeeeeseeeeeeees 243 740 1500 2280 
GD cececcecccrescccssscneessccsesseeseseees 1°62 2°52 3°80 4°68 
(F°) 4 — FY, cals. ......ssseeeeseeeseeeees 290 550 790 910 


The values of the activity coefficients of alcohols and water at infinite dilution, obtained 
by extrapolation from the measured values, are given in Table III, together with values 
of (F%)w — F2 and (F{)4 — F\. The extrapolation for water was made with the help 
of a linear relation obtained later (p. 685). The general significance of these results is 
discussed in Part III (p. 682). 


Part II. 


WHEN the alcohol and water are incompletely miscible, the activity of the alcohol must © 
be the same in the two phases which are in equilibrium with each other; hence f,N, = — 
f,'N.', where N., N,’ are the molar fractions in the aqueous and the alcoholic layer. We 
thus have for the activity coefficient of alcohol in the aqueous phase f, = f,'N,'/N». If 
the alcohol-rich phase contains only a small proportion of water, the activity of the alcohol 
can be taken as unity, so that f, = 1/N,. If the aqueous phase is also dilute, this value 
can be taken as equal to f?. The errors made in these approximations compensate each 
other to some extent; ¢.g., although the molar fraction of butyl alcohol in the alcohol- 
rich phase is only 49%, the value of f} determined by the vapour-pressure measurements 
is 46-5, while 1/N, = 53-1. With the higher alcohols the difference would be less and the 


values of (F°)w — F are given with sufficient accuracy for our purpose by 
(F°)w — F. = RT log ft = — RT log Ny. 


EXPERIMENTAL, 


Materials.—All the alcohols were purchased (B.D.H.), and purified as follows. m-Amyl 
alcohol was repeatedly fractionated under a 30-cm. Hempel column in an all-glass apparatus. 
The middle fraction was finally dried with Ca and fractionated; b.p. 137-60—137-70° (corr.), 
D2 0-81146; nj)" 1-41043. 

n-Hexy] alcohol was fractionated several times in vac. with a Hempel column, and the middle 
fractions refluxed with Ca and refractionated; b. p. 80-8—80-9°/12 mm., 155-7°/760 mm. ; 
Di 0-81648; ni” 1-41778. 

n-Heptyl alcohol was similarly purified; b. p. 87-5—87-6°/9 mm., 175-6°/760 mm.; D?* 
0-81960; nif” 1-42337. 

n-Octyl alcohol was similarly purified; b. p. 94-80—94-85°/8 mm., 194-5°/760 mm.; D? 
0-82238; ni" 1-42937. 

The Mutual Solubility of n-Butyl Alcohol and Water at 25°.—The mutual solubilities of BuOH 
and H,O have been determined by Hill and Malisoff (J. Amer. Chem. Soc., 1926, 48, 918), using 
a volumetric method. To check these with our sample of the alcohol, Sidgwick’s method (J., 
1911, 99, 1122) was adopted. Solutions of suitable compn., prepared by weighing, were placed 
in a soda-glass flask fitted with a thermometer. In the case of the water-rich solutions, the 
flask was constantly shaken in a large beaker of H,O which was slowly heated, and the temp. 
at which the first signs of cloudiness appeared was noted. The temp. at which cloudiness 
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disappeared, which was more easily recognised, was also observed. Successive readings did 
not differ by more than 0-05°. Similar observations were made, in the reverse order, with 
alcohol-rich phases. These determinations were repeated in Pyrex-glass flasks, but no differ- 
ence was found in the results, although Mueller, Pugsley, and Ferguson (J. Physical Chem., 
1931, 35, 1314) found a consolute temp. 0-4° lower in this glass. 


TABLE I. 
Mutual solubilities of butyl alcohol and water. 
Butyl alcohol, % by 
t 


WE  saccecessrccesese 7497 7407 7318 7:202 7:090 7:016 79°28 79°50 79°73 80°01 
Temp. (+0°03°) ...... 22°60° 23°70° 24°85° 26°40° 28°06° 29°18° 30°83° 27°45° 23-40° 18-45° 
Composition of saturated layers at 25°: Aqueous phase, 7-31% (wt.) or 1-882 mols. %; 
alcoholic phase, 79-64% (wt.) or 48-76 mols. %. These are in good agreement with the deter- 
minations of Hill and Malisoff, viz., 7-35% and 79-73% by wt., respectively. 


Solubility Determination of the Higher Alcohols—An analytical method was employed. 
The apparatus was a U-tube arrangement having two internal stoppers. Suitable quantities 
of the alcohol and H,O were placed in one of the connected vessels, and shaken in the thermostat 
at 25° for some hr. The liquid was then allowed to separate into two layers, and the heavier 
aq. layer was separated by raising the stoppers and allowing part of the liquid to run into the 
connected vessel. A weighed portion of the separated solution was diluted with about an equal 
quantity of H,O, and the resulting solution compared with calibration solutions of known 
compn. in the interferometer. To avoid the possibility of reading the position of the wrong 
fringe, two cells (1 cm. and 5 cm.) were used (see p. 676). The results of the determinations 
are given in Table II. 


TABLE II. 


Solubilities of higher aliphatic alcohols in water. 


n-Amyl alcohol. Wt. % : 2°209, 2°203, 2°207, 2°212, 2-211; mean 2°208. N, = 0°00459,. 

n-Hexyl alcohol. Wt. % : 0°637, 0°625, 0°622, 0°615, 0°611, 0°627, 0°634; mean 0°624. N, = 0°00110,. 
n-Heptyl alcohol. Wt. % : 0°179, 0°184, 0°180, 0°182, 0-180, 0°179, 0°182; mean 0°180,. N, = 0°000280,. 
n-Octyl alcohol. Wt. % : 0°0571, 0°0606, 0-0590, 0°0587, 0°0582, 0°0580; mean 00586. N, = 0°0000811. 





No suitable method for determining the compn. of the alcohol-rich layers has yet been 
found. The above method failed because the alc. phases tended to creep up the sides of the 
interferometer cell and no stoppered cell was available; insufficient accuracy was obtained by 
adding sufficient H,O to dissolve the alc. phase, and the variation of viscosity with compn. 
for small additions of H,O to the higher alcohols was too small. An approx. determination 
of the solubility of H,O in n-C,;H,,-OH at 25° gave N,’ = 0-71. 

Table III gives the values of f? and (F3)w — F2 for the whole series of alcohols, A being 
the differences of the latter between successive members of the series. Except for the first 
two alcohols, the difference is approx. const. and its mean value is 806 cals.,* i.e., each CH, 
group after the second contributes about 800 cals. to the difference of the free energy of the 
molecule in the pure alcohol and in water. 





TABLE III. 
Activity coefficients and standard free energies of aliphatic alcohols in dilute aqueous solution. 
Alcohol. fo. (F°)w — Fy. A. Alcohol. fi. (F)w — F;. A. 
Methy] ......... 151 240 _— n-Amyl *...... 219 3190 910 
Ethyl ......... 3°48 740 500 n-Hexyl* ... 903 4030 840 
n-Propy] ...... 12°5 1500 760 n-Heptyl* ... 3,560 4850 820 
n-Butyl ...... 46:5 2280 780 n-Octyl *...... 12,300 5580 730 


* In these cases f? is taken as 1/Ny. 





* The value of (F°) — F for amyl alcohol is probably somewhat high, because the inaccuracy of 
the solubility method is greatest with this substance, but it is probable that the gradual decrease of A 
shown by the higher members of the series is real. 
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Part III. 


WE shall attempt to account for the main features of the behaviour of water—alcohol 
solutions in terms of the cohesive or adhesive forces between the molecules, It is difficult 
to discuss the effects of intermolecular forces in a liquid except in terms of the surfaces 
of contact of the molecules. It has long been known that there is a close parallelism 
between the mutual solubility of liquids and their interfacial energy. However, owing 
to the orientation of molecules at macroscopic interfaces, the observed interfacial energy 
cannot be taken as a measure of the forces operating over the whole surface of the mole- 
cules in solution. Harkins, Brown, and Davies (J. Amer. Chem. Soc., 1917, 39, 354), 
while pointing out the general connexion between solubility and interfacial energy, realised 
this, and remarked that “‘ true solubility is a molecular scale phenomenon and is dependent 
upon the attractions of the different parts of various molecules on each other, and upon 
the shapes and sizes of the molecules which must be fitted together to make a solution.” 
Langmuir (Coll. Symp. Monographs, 1925, 3, 48) has given greater precision to this con- 
ception by his “‘ principle of independent surface action,’’ which postulates that the inter- 
molecular energy in a liquid can be obtained by summing the interfacial energies of the 
various surfaces of contact. On the assumption that the molecules are distributed and 
orientated entirely at random, he obtained for a binary solution of two substances A and B 
the equations log f, = 87S,¢, log fg = «Syd, where S,,S, are the surface areas of molecules 
of A and B; «a and 8 are their surface fractions in the solution; and ¢ is the “ mixture 
energy.” Ifthe molecule A has two kinds of surface, A and C, the fractional areas of which 
are a and c, and the molecule B two kinds of surface, B and D, having the fractional areas 
b and d, ¢ = abyay + adyaq + deyp_ + Cdycq — Alyx, — bdyyg, where y,, is the interfacial 
energy for the surface between A and B, etc. Smyth and Engel (J. Amer. Chem. Soc., 
1929, 51, 2646, 2660) determined the partial pressures of a number of binary solutions, ° 
chosen so as to test these equations, and found that while they showed a general qualitative 
agreement, quantitatively there were considerable deviations which they attributed to the 
influence of the electric dipoles present in the molecules. 

The discussion given below is based on Langmuir’s theory, but the ‘“‘ mixture energy ” 
is evaluated in a different way. In particular, instead of using the “ surface energy ” of 
molecules in the vapour state, we have introduced terms representing the cohesive or 
adhesive work between two like or unlike surfaces. Asa result of this modification, which 
brings out certain relations which are not clearly apparent in Langmuir’s form of the theory, 
the expression for the “‘ mixture energy ”’ takes a different form, but the equations are not 
otherwise altered. 

Work of Transfer of a Molecule from its Pure Liquid to Another Solvent.—Consider first 
a substance A of which all parts may be considered alike. We shall calculate the energy 
required to remove a molecule from the pure liquid into a very dilute solution in an (also 
homogeneous) solvent B. Let the area of the molecule be S,. In order to remove A 
from its liquid we must do work on account of the cohesive forces between it and surround- 
ing molecules, which we can write S,y,,. This leaves a cavity of area S, in the liquid, 
in the collapse of which we obtain the work S,y,, where yy, =y,,/2 may be regarded as 
the surface tension. The total work required is thus S,y,. In order to bring the molecule 
into the solvent B, we must first make a cavity in this solvent having area S, (work re- 
quired S,y,). On introducing the molecule A, we obtain the work of adhesion between 
A and the surrounding B molecules, viz., Syy,z. The total work required to effect the 
transfer is thus 


Sadace) = Salva + YB — Yas) a a a i a (1) 


and we may write kT log fxg) = Sadacp- 

Hildebrand (“ Solubility,” 1924) has elaborated a theory of solubility in which devi- 
ations from Raoult’s law in non-polar solutions are regarded as mainly due to differences 
of the internal pressures of the two liquids. On this theory, two liquids having equal 
internal pressures may be expected to give ideal solutions, and in other cases the deviation 
from ideality is approximately proportional to the internal-pressure difference of the two 











682 Butler; Thomson, and Maclennan: The Free Energy of the 


pure liquids. The internal pressure of a liquid is a measure of the cohesion between the 
molecules, and in the absence of polarity is approximately proportional to the surface 
tension. On Hildebrand’s theory the deviation from Raoult’s law is thus approximately 
determined by y, — yg. It is known, however (cf. Adam, ‘‘ Chemistry and Physics of 
Surfaces,” p. 148), that at macroscopic interfaces the work of adhesion of two surfaces is 
often approximately equal to the smaller work of cohesion, 7.¢., 2yg = yan. In sucha case 
(1) reduces to 6 = S,(y, — yg), which is equivalent to Hildebrand’s theory.* 

If the molecules A and B have not homogeneous surfaces, the work of transfer of A 
from the pure liquid to a dilute solution in the solvent B is still given by Sydacp) = 
Salya + YB — Yap), Where S,y, is the work required to remove the molecule A from its 
own liquid, S,yg is the work required to make a cavity of area S, in B, and S,y,, the 
work of adhesion between the molecule A and surrounding molecules of B, but these 
quantities are themselves complex. 

We will consider the evaluation of these terms in a simple case. Suppose that the 
surface of the molecule A is of two kinds, P and Q, having areas Spand So. Let p = Sp/S,, 
q = So/S4, be the fractions of the surface occupied by P and Q. Suppose that the surface 
of B is homogeneous. Consider a molecule A in its own liquid. If the molecules are dis- 
tributed entirely at random, of the area Sp a fraction # will be in contact with a P surface 
and a fraction g with a Q surface; and of the area So, fractions # and gq will be in contact 
with P and Q surfaces respectively. The areas of the PP, QQ, and PQ interfaces of a 
molecule will thus be £?S,, g2S,, 2/gS,. In order to remove a molecule from the liquid, 
leaving a cavity of area S,, the work required is thus S,(p*ypp + 9*yeq + 2f¢ypq), where 
Yep» Yoq are the work of cohesion between P and P, or Q and Q, and Ypq is the work of 
adhesion between P and Q. The work obtained in the collapse of the cavity is easily 
shown to be half this quantity, so that the work of removing the molecule may be written 
S,(P*yp + vq + PYypq), and we have y, = p*yp + GyqQ + PYypq. The work of remov- 
ing the molecule A from the solvent B, leaving a cavity of area S, is similarly S,(pPypg + 
Jon) 1-€-, Yan = Pypp + Yvon, and the work obtained in the collapse of the cavity is yz. 
In this case, therefore, 


pace) = Pye + Pq + Poyeqg — Prep — Wvep Hw + + sl C2) 


The work required to transfer a molecule of B from the liquid B to the solvent A may 
be written Sp¢,,,), and it is easily shown that ¢,4) = ¢a;p)- Writing both these quantities 


¢, we have 
RT log fox = Sad; RT log foun) = Spd - - + + + () 


We have now to see how far these relations are applicable to the water—alcohol solutions. 
Let A be the alcohol molecule, P being the hydrocarbon chain and Q the hydroxyl group, 
and B the water molecule. As we pass up the series of alcohols, f, the fractional surface 
area of the hydrocarbon chain, gradually increases and approaches unity, while g approaches 
zero, and it is evident from (2) that ¢ approaches the limiting value 


gi=yp—Yeptyp- - + + «© «© «© « « (4) 


The activity coefficient of water in alcohol should therefore approach a constant value 
given by kT log f° 4:4) = Sp¢r (since Sp is constant), while the activity coefficient of alcohol 
in water should approach the value kT log f°4:3) = Sadi, where S, increases by constant 
increments. In Table I it is shown that both these requirements are fulfilled. The 
ratio log f°, :p) /log f°p,4) should also be equal to S,/S,. The table gives the values of S,/S, 
calculated in this way. This ratio increases by about 0-5 for each additional -CH, group, 
indicating that the increase of the surface caused by the latter is about half that of the water 
molecule. This is a reasonable figure, but the absolute magnitudes of S,/S, are less than 
might be expected from the molecular dimensions. 

It may be observed, however, that constant increments in log /°,,,) are reached at an 
earlier point in the series than would be expected according to (2), 7.e., (2) approaches its 

* This expression is analogous to Antonow’s equation for the interfacial energy between two liquids 
an = 04 — og. This is often approximately valid for the reason given. 
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TABLE I. 

Alcohol. log f°, 4). log f° a:B)- Sa/Sp. Alcohol. log fa). log f°acp)- Sa/Sp. 
Methyl ............ 0-21 0°18 0-9 Butyl ........000. 0°67 1:67 2-6 
peep 0-40 0°54 1-4 Amyl ............ 0-72* 2-34 3-2 
Propyl .....0.00.. 0°58 ll 1-9 


* Estimated from the solubility of water. 


limiting value (4) too quickly. It must be remembered that it has been assumed that the 
molecules are distributed entirely at random. If the alcohol molecules are orientated in 
the pure liquid in such a way that the fraction of PP surfaces is greater than in a random 
distribution, (2) would be closer to its limiting value (4) than would correspond to the 
surface fractions ~ and q. 

Work of Transfer of a Molecule from its Pure Liquid to a Binary Solution.—Let the 
number of molecules of A and B in a quantity of the solution be m4, mg. If Sy, Sg are the 
surface areas of the molecules, the surface fractions of surfaces A and B in the solution 
are a = 4S,/(m,S, + pSpg), B = MpySp/(m,S, + MpSp). If the molecules are dis- 
tributed entirely at random, of the total surface of the molecule A a fraction « is in contact 
with A surfaces, and a fraction 8 with B surfaces. The work required to remove the 
molecule A, leaving a cavity in the liquid, is S,(«y,, + By,z). The work obtained in 
the collapse of the cavity is easily shown to be $5S,(a*y,, + aBysp + B*ygp). Since 
a = 1 — 8, the difference between these quantities can be expressed as S,[y, — 67(y, + 
YB — Yap)] and the work of transfer from pure A to the solution is thus S, 8?(y, + yp — yas)- 
The activity coefficient of A in the solution is therefore given by 


ee! eee 


where ¢ = yx, + yg — Yap, aS before.* 
Similarly by considering the transfer of B from its pure liquid to the solution, we obtain 


AT log foam =Sp8- - . - - se ee (8 


These equations apply also when one or both of the molecules A, B have mixed surfaces, 
but in these cases y,, yp, yap are composite quantities constructed as in the example given 
above. Thus, if the surface of A is occupied by a fraction # of P and q of Q, and the surface 
of B by a fraction 7 of R and ¢ of T, we shall have: y, = p*yp + Gvq + D¢ypq: YB = 
yp + Pyp + yar Yan = Prypn + ptyer + Wor + Tver 

Application to Water—alcohol Solutions.—Applying these relations to the water—alcohol 
solutions, we have log f, = 67S,¢/kT, log fg = «®Sp¢/kT, where « and 8 are the surface 
fractions of alcohol and water. In computing the values of « and 8 the following relative 
areas have been found to give the closest agreement with these equations: water 1, methyl 
alcohol 1-4, ethyl alcohol 1-8, propyl alcohol 2-2, butyl alcohol 2-6. Figs. 4 and 5 show 
log f, and log f, plotted against 8? and «? respectively. It is evident that the equations 
hold extremely well between molar fractions 1-00 and 0-15 of the alcohol, but in more 
dilute solutions there is a marked deviation from the linear relation, the activity coefficients 
being less than is required by the equation. A similar deviation appears in the same 
region in the curves for water. The agreement between the observed activity coefficients 
of the alcohols, and the values calculated from log f, = 676,, 0, = S,¢/kT being obtained 
by extrapolating the linear parts of the curves to 2 = 1, is shown in Table II. 


* It has been shown that the experimental value of the increment of RT log f°4,») for each additional 
~CH, group is about 800 cal./g.-mol. It is of interest to see if this agrees with the value obtained from 
(4), using the macroscopic values of the surface free energies. The surface free energies of hydrocarbons 
and water at 25° are about 20 and 70 ergs/cm.*, and the work of adhesion of hydrocarbon to water 
about 40 ergs/cm.*. ¢ is thus about 50 ergs/cm.*. If N® is the Avogadro number and AS, the increase 
of area of the alcohol molecule for each additional -CH, group, which we estimate as 22 A.*, we have 
4(RT log fags) = N°. AS, . dx = 1600 cals. This is about 100% too high, but since the surface 
energies of cavities and surfaces of molecular dimensions must differ considerably from the macroscopic 
values at plane surfaces, the agreement is probably as good as could be expected. 








Na. ° 

0-1 0°749 
0-2 0°548 
0-4 0°267 
0°6 0°104 
0°8 0°027 










log fa 


(calc.). 


0-202 
07148 
0-072 
0°028 
0°007 


Logarithm of activity coefficients of alcohols plotied against B?. 


log fa 
(obs.). 
0°173 
0°148 
0°072 
0-021 
0-004 


TABLE II. 


log fa 
B?. (calc.). 
0°695 0-515 
0°473 0°350 
0°206 0-152 
0-073 0°054 
0-015 0-011 
Fic. 4. 
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Agreement of observed activity coefficients with log if, = 8704. 


Methyl alcohol. 
Sa/Sp = 1°4; O4 = 0°27. 


Ethyl alcohol. 
Sa/Sp = 18; Oa = 0°74. 


log fa 

(obs.). . 
0°48 0°645 
0°35 0°416 
0°15 0-164 
0°05 0°054 


_— 0°010 










Propyl alcohol. 























0:25 


Oa. 
0°27 
0°74 
1-20 
1-96 


TABLE III. 


Oz. 
0°22 
0°42 
0°60 
0°77 


The values of 6,, 8, obtained from the linear parts of the curves differ somewhat from 
those given previously * from a consideration of the extremities only. Table III shows 
that their ratio is in fair agreement with the assumed values of S,/S3. 


Sa/Sg (from slopes). 
1-2 
1-7 
2-0 
2°5 


Sa/Sp = 2°2; 04 = 1°20. 
log fa log fa 
(calc.). (obs.). 
0°775 0°78 
0°500 0°48 
0°197 0-21 
0°065 0°076 
0°012 oo 

1-00 





The theory which has been described thus accounts, not only for the main differences 
between one alcohol and another, but also for the variation of the activity coefficients 


* In Table I as log f°:p), log f°a,). 

















Normal Aliphatic Alcohols in Aqueous Solution. Part III. 685 


over the greater part of the range of concentration. The divergences from the equations 
which occur in dilute aqueous solutions may be due to the failure of the assumption of an 
entirely random distribution and orientation of molecules in these solutions. The effect 
of orientation, if it occurs, must be to reduce the interfacial energy. It has been assumed 
for simplicity that the water molecule has a homogeneous surface, but it may well be that 
the interfacial energy between it and an alcohol molecule is least for some particular 
orientation. The possibility of complete orientation of those water molecules which are 
in contact with alcohol is greatest in dilute solutions, and as the proportion of alcohol 
increases, it becomes increasingly difficult. For example, in a solution containing equal 
numbers of water and alcohol molecules, each water molecule must be in contact with 
several alcohol molecules, and if the orientation is right for one it will probably be wrong 
for the others. In such solutions we might expect to find, as we have shown to be the case, 
that the assumption of random orientation and distribution is fairly satisfactory. 





Fie. 5. 
Logarithm of activity coefficients of water plotted against a?. 

0-7 
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cf 0-4 
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There is, however, another possibility, viz., that the deviation in dilute solutions 
is due to an increasing “‘ association ’’ of water molecules as the alcohol content diminishes. 
Association of water molecules will only occur if the intermolecular energy is thereby 
reduced, and the cohesive energy between the associated units will be less than the average 
value of that between molecules. Less work may therefore be required to make a cavity 
in ‘“‘ associated” than in “ dispersed” water, provided that the associated groups are 
not split up, and in such a case y, and ¢ will be smaller when association has taken place. 
Since the association of water molecules might be regarded as due to their mutual orient- 
ation, further progress would appear to require a closer study of molecular orientation in 
liquids and its effects. 

SUMMARY. 


1. Determinations of the partial vapour pressures of aqueous solutions of methyl, 
n-propyl, and u-buty]l alcohols, of the mutual miscibility of butyl alcohol and water, and of 
the solubilities of the normal aliphatic alcohols from C, to Cg, at 25°, are described. 

2. The activity coefficients at infinite dilution in water of the alcohols, beginning with 
ethyl alcohol, increases in an approximately constant ratio for each additional CH, group. 
The activity coefficients of water in the alcohols increase in gradually diminishing ratios 
as we pass up the series. 

ZZ 
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3. A modified form of Langmuir’s theory of solutions is presented, and applied to these 
solutions. It is capable of accounting for the main features of the differences between 
one alcohol and another, and for the variation of the activity coefficients of the lower 
alcohols with concentration, except in solutions containing a large proportion of water. 
In these solutions marked deviations from the equations occur which are attributed either 
to orientation of the water round the alcohol molecules, or to the association of water. 


We thank the Carnegie Trust for a Scholarship held by W. H. M., and a Teaching Fellowship 
held by J. A. V. B. for part of the time occupied by this research, and also the Earl of Moray 
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174. Pyridylnitropyrazole, an Oxidation Product of Nicotine. The 
Position of the Nitro-group. 


By Haxon Lunp. 


GouGH and KING (this vol., p. 350) have shown that the compound Cg,H,O,N, (I) obtained 
as a by-product in the oxidation of nicotine with nitric acid is a nitro-5-(3-pyridyl)pyrazole 
by converting it, by elimination of the nitro-group, into a substance identical with synthetic 
5-(3-pyridyl)pyrazole. They assumed that the nitro-group is in position 4 in the by-product. 

Before their work was published I had obtained the same compound : the identity has 
since been proved by direct comparison through the courtesy of Dr. King. 

Gough and King state that the compound (I) is stable to boiling potassium perman- 
ganate solution, whereas I have found that it is oxidised by that agent in acid, alkaline, 
or neutral solution. In alkaline solution the reaction takes place almost quantitatively 
according to the equation C,H,O,N, + 70 —> C,H,N-CO,H + N, + HNO; + 2CO,, 
nicotinic acid being formed. This oxidation is interesting because usually the pyrazole 
ring is stable to alkaline permanganate. 

The substance (I) and the compound formed from it when the nitro-group is replaced 
by iodine react with bromine with formation of monobromo-substituted derivatives. 
Since pyrazole itself reacts with bromine with formation of 4-bromopyrazole (and no 
dibromo-derivatives), there is reason to believe that the nitro-group of (I) does not—as 
assumed by Gough and King—occupy the 4-position. I, therefore, ascribe to (I) the struc- 
ture of 3-nitro-5-(3-pyridyl)pyrazole. 

In support of this structure is the fact that pyridylpyrazole on nitration yields a com- 
pound, isomeric with (I), which is probably 4-nitvo-5-(3-pyridyl)pyrazole (since pyrazole 
itself on nitration gives 4-nitropyrazole) : it has the usual properties of the pyrazoles and 
is not attacked by permanganate and bromine. 

The work on (I) and the new nitro-compound is being continued. 


EXPERIMENTAL. 


3-Nitro-5-(3-pyridyl)pyrazole (1)—The crude by-product can be purified by addition of 
NH,Cl to, or by passing CO, through, its solution in NaOH aq. My analytical data agree 
exactly with those of Gough and King. A Kjeldahl analysis gave a nitrogen content exactly 
half of the correct value: probably two of the four nitrogen atoms escaped as gaseous Ng. 

Oxidation.—(a) To KMnO, (20 g.) in H,O (450 c.c.) at 65°, (1) (3-00 g.) in NaOH (1 g. in 30c.c. 
- H,O) was added. In 3 hr., 338 c.c. of N were collected (calc. for 1 mol., 354 c.c.). 

(6) (I) (20 g.), dissolved in dil. NaOH aq., was added to KMnQ, (80 g.) in 2500 c.c. of H,O 
and kept at 65° for 16 hr. The filtered solution was acidified with HCl aq. and evaporated to 
dryness on the steam-bath. The residue was ground and boiled with EtOH (2 x 100 c.c.), 
from which, on cooling, a cryst. mass (14 g.) separated, consisting of nicotinic acid hydrochloride 
and nitrate, the latter forming the main part. The HNO, could have originated only by the 
oxidation of (I). 
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(c) 1-00 G. was oxidised as above, the mixture acidified with H,SO,, and CO,-free air passed 
through it. The CO, formed was absorbed in soda-lime (Found : 0-523 g. Calc., 0-463 g.). 

These results show that the oxidation follows the equation given on p. 686. 

Bromination.—A quant. bromination in aq. solution proved that 1 mol. of Br reacted with 
1 mol. of (I). The bromo-compound was prepared in AcOH solution, the HBr being neutralised 
with NaOAc. After recrystn. from AcOH or EtOH, 4-bromo-3-nitro-5-(3-pyridyl)pyrazole had 
m. p. 240—242° (Found: Br, 29-8, 29-5. C,H,;O,N,Br requires Br, 29-7%). 

Benzoylation.—When (I) was benzoylated in the usual way, 3-nilro-1-benzoyl-5-(3-pyridyl)- 
pyrvazole was obtained in about 45% yield, m. p. 169° (Found: C, 61:3; H, 3-2. C,;H O3N, 
requires C, 61-2; H, 3-4%). Hydrolysis with boiling EtOH and HCl aq. gave ethyl benzoate 
and (I). 

Reduction.—The compound (I) (30 g.), dissolved in hot H,O (500 c.c.) containing 10 g. of 
NaOH, was treated gradually at about 90° with Na,S,O, (about 75 g.), NaOH being added 
when necessary to prevent the separation of (I). The solution was boiled, conc. HCl (125 c.c.) 
cautiously added, and the filtered solution evaporated under reduced press. The dry residue 
was mixed with K,CO, (40 g.) and extracted with boiling EtOH (300 c.c.) for $ hr., conc. HCl 
(40 c.c.) added to the alc. solution, and the 3-amino-5-(3-pyridyl)pyrazole dihydrochloride 
filtered off and washed with EtOH (yield, 32—34 g.). The acetyl derivative, prepared in dil. 
AcOH by means of Ac,O, had m. p. 308° after recrystn. from EtOH (Found : C, 59-4; H, 4-7; 
N, 27-7. CygH ON, requires C, 59-4; H, 5-0; N, 27-7%). 

Diazo-reactions of the Amine.—(1) The amine (5 g.) and dimethylaniline (2-5 g.) in H,O 
(30 c.c.) gave with N-NaNO, (22 c.c.) at 0° a brick-red azo-dye (Found by reduction with TiC], : 
M, 296. C,g.H,.N, requires M, 292). 

(2) The amine (5 g.) in 4N-H,SO, (25 c.c.) was diazotised at 0°, KI (15 g.) in H,O (25 c.c.) 
added, and after 10 min. the solution slowly heated to about 50° and cleared with H,SO,;. After 
being boiled, the solution, on cooling, deposited a hydriodide, from a boiling aq. solution of 
which Na,CO, liberated 3-iodo-5-(3-pyridyl)pyrazole; colourless crystals, m. p. 180°, after 
recrystn. from H,O (charcoal); sol. in acids and strong bases (Found: I, 46-9. C,H,N,I ° 
requires I, 46-9%). 

(3) The amine was converted by the usual NaNO,—-EtOH process (cf. Gough and King, Joc. 
cit.) into 5(-3-pyridyl)pyrazole, isolated as the nitrate (yield, 6-5 g. from 14 g. of the amine 
hydrochloride). 

Nitration of Pyridylpyrazole. Formation of 4-Nitro-5-(3-pyridyl)pyrazole—Pyridylpyrazole 
nitrate (2 g.) was dissolved in 15 c.c. of conc. H,SO4 and heated on the steam-bath for 1 hr., 
and the cooled solution poured into H,O, made alkaline, and acidified with ACOH. The nitro- 
compound was recrystallised from H,O. Yield, 1-2 g.; m. p. 220° (Found: C, 50-7; H, 3-4. 
C,H,O,N, requires C, 50-5; H, 3-2%). The hydrochloride is sol. in H,O and slightly sol. in 
EtOH (Found: Cl, 16-0. C,H,gO,N,,HCl requires Cl, 16-1%). 


Thanks are due to Mr. Chr. Lundsgaard, Grindsted, who has kindly furnished the crude 


material. 
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175. Catalytic Hydrogenation of Unsaturated Compounds. Part I. 
Additive Mode in Relation to Selectivity of Attack and Catalyst 
Activity. 

By Ernest HAROLD FARMER and RosertT A. E. GALLEY. 


Tue authors have recently shown (J., 1932, 430) that at room temperature and atmospheric 
pressure the course of catalytic hydrogenation in a series of butadiene acids 
R'R°C:CR*CR*:CR®*CO,H (R1,R? etc. = Me or H) 

varies from example to example; indeed the influence of the alkyl substituents in the con- 
jugated chain on the course of the reaction appears to be as well marked in this variety of 
catalysed addition as in those additive processes which occur independently of, or without 
the intentional introduction of, catalysts. Evidence relating to plurality of additive 
modes in the catalytic hydrogenation of certain conjugated hydrocarbons had somewhat 
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earlier been advanced by Lebedev and Yakubchik (J., 1928, 832, 2192), but the nature of 
this evidence, striking though it was, could not be regarded as affording strict chemical 
proof of the dependence of additive mode on the constitution of the conjugated chain. 

Quite apart, however, from any consideration of the adequacy of the experimental 
methods employed to demonstrate the course of reaction in the specific examples hitherto 
examined, there enters the important question as to how far any observed variations of 
additive mode in catalytic hydrogenation are dependent on the character of the conjugated 
chain and of the substituent groups therein (constitutive influence) and how far on pheno- 
mena related to the adsorptive power and activating capacity of the catalyst (specific 
catalytic influence). It is clear that no single set of measurements could decide between, 
or serve to allocate responsibility to, one or other of these causes in the present state of 
knowledge concerning (1) the influence of experimental conditions (especially temperature 
and pressure) on the functioning of the catalyst, and (2) the extent to which changes in the 
physical condition or in the substance (including poisoning) of the catalyst can engender 
corresponding variation in additive reactivity. The authors are primarily concerned with 
elucidating the nature and characteristics of the constitutive influence and it has been 
convenient as a first step in this direction to gain some idea of the importance to be attached 
to the two types of influence as active orienting factors by observing the course of reaction 
under arbitrarily selected conditions of operation; and because of the ease with which 
large numbers of comparative hydrogenations can be carried out at atmospheric pressure 
and room temperature (approx.) without serious difficulty in maintaining a reasonably 
uniform degree of activity of the catalyst, these conditions of reaction have been adopted. 

A dual or multifold mode of hydrogen addition such as applies to the members of the 
sorbic acid series of conjugated compounds amounts of course to selectivity in hydrogenation 
—a phenomenon which has already been the subject of observation amongst varied types 
of multi-unsaturated compounds (cf. Vavon and his collaborators, Compt. rend., 1910, 150, 
1127; 1911, 152, 1675; 1911, 153, 68; Armstrong and Hilditch, Proc. Roy. Soc., 1925, A, 
108, 121; Paal, Ber., 1912, 45,2221). In order, however, to trace the constitutive influence 
on the course of hydrogen addition to conjugated compounds it is necessary as a practical 
measure, not only to examine the comparative behaviour of the latter themselves in the 
manner described in the authors’ previous paper (/oc. cit.), but also to place beyond doubt 
the order of reducibility (if any such exists independently of specific catalytic influence) of 
conjugated compounds compared with ethylenic compounds and also of ethylenic com- 
pounds (e.g., At-, A®-, and A’-acids) compared with one another. Further it is necessary 
to examine the effect on the course of reaction of submitting the catalyst to treatment in 
ways which might be supposed to affect its activity (cf. the experiments of Vavon on the 
influence of catalyst poisons, Bull. Soc. chim., 1914, 15, 282; Compt. rend., 1922, 175, 277. 
See also Armstrong and Hilditch, Trans. Faraday Soc., 1922, 17, 670; Taylor, Proc. Roy. 
Soc., 1925, A, 108, 105). Throughout the work here described the quantitative determin- 
ation of the components of reduction mixtures has been effected so far as practicable by 
degradative analysis, a procedure capable of considerable accuracy for unsaturated car- 
boxylic acids and one essential to the confirmation of conclusions based on variations in 
the rate of hydrogen absorption. 

Selective Hydrogenation in Mixtures of Mono-olefinic Substances.—As the result of hydro- 
genations carried out with a platinum catalyst under standard conditions of operation, 
Lebedev, Kobliansky, and Yakubchik (J., 1925, 127, 417) have concluded that the main 
factor which determines the rate of reduction of individual olefins is the degree of substitu- 
tion: thus mono-, di-, tri-, and tetra-substituted olefinic compounds are reduced at rates 
which diminish for the respective compounds in the order given; also in mixtures of olefins, 
monosubstituted compounds are reduced preferentially to di-, di- to tri-, and tri- to tetra- 
substituted compounds. The principle of consecutive reduction embodied in the last portion 
of this statement rests solely, at present, on the approximate correspondence of points of 
break in the curves showing rate of hydrogen absorption throughout the reduction process 
(rate-time curves) with the points of break which are theoretically to be expected on the 
assumption that the components of the mixture are hydrogenated consecutively at different 
rates (see, for example, curve III, Fig. 4). In a number of cases, however, which the 
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authors have examined, the observed points of break agree so imperfectly (and the imper- 
fections are not found to disappear in any repetitions of the experiments) with the points 
calculated from the composition of the mixtures that further evidence of the reliability 
of the principle appeared necessary before accepting its presumed bearing on the complex 
mode of reduction (generally three-fold) of butadienoid compounds. Such additional 
evidence is afforded by the examination of (a) the A*-, A’-, and A’-forms of hexenoic acid 
(I, II, and III respectively), all of which are theoretically obtainable dihydrogenation pro- 
ducts of sorbic acid (IV), (b) A’-pentenoic acid (V), a dihydrogenation product of 8-vinyl- 
acrylic acid (VI), and (c) allyl alcohol. It is to be noted that the three hexenoic acids are 
symmetrically disubstituted olefins, and A”-pentenoic acid and allyl alcohol are mono- 
substituted. 


(1) CH,Me-CH,*CH:CH:CO,H CHMe:CH-CH:CH:CO,H rv, 
(u.) CH,Me-CH:CH:CH,°CO,H CH,:CH:CH,*CH,CO,H_ —v, 
a1.) CHMe!CH-CH,*CH,*CO,H CH,:CH-CH:CH‘CO,H v1) 


The variation in the rate of hydrogen absorption from minute to minute of the saturation 
process is shown for the above-named substances in Figs. 1—5. All the curves, unless 
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Fic. 1.—Hydrogenation of (a) A¥-pentenoic acid (curves I and II represent successive reductions with 
the same catalyst specimen), and (b) A*%-hexenotc acid (curves III and IV represent successive reductions 
with a catalyst specimen freshly prepared from platinum oxide, and curve V a similar reduction carried 
out after the lapse of 4 hour). 

Fic. 2.—Hydrogenation of (a) A8-hexenoic acid (curve I represents reduction in a considerably diluted 
medium ; curve II reduction carried out immediately after the latter with the same catalyst specimen, but 
under standard conditions ; curve III reduction with a catalyst which had just previously been used to 
veduce AY-hexenoic acid), and (b) AY-hexenoic acid (curve IV represents reduction with a catalyst which 
had just previously been used to reduce AY-pentenoic acid ; curve V, reduction with the same catalyst speci- 
men immediately afterwards). 


otherwise denoted, refer to standard conditions of operation, detailed on p. 694, and it is 
important to state that (within the limits of the authors’ observations) the concentration 
of the unsaturated substance in the alcoholic medium employed has no measurable effect 
on the rate of hydrogenation—as indeed would be anticipated from the fact that the rate 
of hydrogen absorption is remarkably constant throughout the reduction of most mono- 
olefinic substances. The following points, of which the first two are well known in connexion 
with other catalysed reactions, are to be noted: (1) The maximum speed of hydrogen 
absorption is not attained in the early stages of the employment of a catalyst which has 
been newly reduced from the oxide (see curve III, Fig. 1), so that some previous use of the 
catalyst, or at any rate the lapse of a period during which the catalyst is allowed to remain 
in contact with hydrogen in the reducing medium, is desirable before the catalyst is em- 
ployed in the study of preferential hydrogenation. (2) The catalyst may be conveniently 
used several times successively in short reductions (either of the same substance or of 
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substances of related types),* since the activity of the catalyst as measured by the rate of 
hydrogen absorption diminishes rather slowly with use; but after prolonged use the 
activity seriously deteriorates. (3) With the three hexenoic acids, all of which are disub- 
stituted olefins, the rate of hydrogen absorption increases with increasing remoteness of 
the double bond from the carboxyl group : this is illustrated in Fig. 5, the curves in which 
were obtained in consecutive reductions with the same specimen of catalyst, starting with 
the least rapidly reduced acid; here, of course, owing to slow progressive loss of activity 
by the catalyst the maximum differences in rate of reduction may not have been attained. 
The curves for allyl alcohol (curves I and II, Fig. 4), and to a less extent those for 
A8-hexenoic acid (curve I, Fig. 2) and A’-pentenoic acid (curves I and II, Fig. 1), show a 
sudden increase in the rate of hydrogen absorption just before saturation is complete and 
consequently when the concentration of unsaturated material is quite small. This feature, 
the cause of which is not apparent, is especially characteristic of the named substances when 
the catalyst is highly active and had already been noted in the case of allyl alcohol by 
Lebedev, Kobliansky, and Yakubchik (loc. cit.). (5) A’-Pentenoic acid is hydrogenated 
at a more rapid rate under standard conditions than the three hexenoic acids. 
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Fic. 3.—Hydrogenation of equimoleculary mixtures of (a) AY-pentenoic and A®-hexenoic acids (curve I), 
(b) AY-pentenoic and AP-hexenoic acids (curve II), and (c) A®%- and AY-hexenoic acids (curve III). Hydro- 
genation of ‘‘ dihydrosorbic acid’’ is represented in curve IV. 

Fic. 4.—Hydrogenation of (a) allyl alcohol (curves I and II vepresent successive veductions with the 
same catalyst specimen), and (b) an equimolecular mixture of allyl alcohol and A*-hexenoic acid (curve 


Fig. 5.—Relative rates of reduction of A*-, AB-, and AY-hexenoic acids (curves I, II, and III respec- 
tively). Reductions carried out in rapid succession with the same catalyst specimen. 


Turning to the question of preferential reducibility in mixtures of mono-olefinic sub- 
stances, the experimental results are striking. The hydrogenation curve (rate-time) for 
an equimolecular mixture of A*- and A’-hexenoic acids is a smooth one, showing no break 
at the point representing 50% saturation; similarly the curve for ordinary hydrosorbic 
acid (produced by the reduction of sorbic acid with aluminium amalgam), which consists 
approximately of 60% of A®- and 40% of A’-hexenoic acid, is also quite smooth. On the 
other hand the hydrogenation curve for an equimolecular mixture of A’-pentenoic acid and 
A*-hexenoic acid (curve I, Fig. 3) shows a break at about 53% hydrogenation, and that of 
an equimolecular mixture of A’-pentenoic and A®-hexenoic acids (curve II, Fig. 3) shows a 
break at about 57% hydrogenation. These results suggest that the components of the 
first two mixtures, which are of the same degree of substitution, are hydrogenated side by 
side, at the same, or nearly the same, rate, whereas those in the second two, which are of 
different degrees of substitution, are hydrogenated (for the most part at any rate) con- 
secutively. The evidence here afforded is precisely similar to that which was accepted by 
Lebedev, Kobliansky, and Yakubchik (loc. cit.) as the basis of the principle of consecutive 
reduction already mentioned. 

The course of reaction in these examples was placed beyond doubt by oxidising the 

* The rate of hydrogenation, however, of a substance B appears in certain cases to be capable of 
very serious diminution if the product of hydrogenation of a previously reduced substance A is allowed 
to remain in the reducing medium (see below). 
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various partial hydrogenation products with permanganate. In each case the character 
and proportions of the fission products arising from the unreduced olefinic material showed 
with considerable accuracy the percentage of each of the original components which had 
undergone hydrogenation. It was quite clear that the components of each of the binary 
mixtures of isomeric hexenoic acids had been hydrogenated concurrently at equal or nearly 
equal rates; it was equally definite that the less highly substituted olefinic component of 
the binary mixtures containing pentenoic acid with one or other of the isomeric hexenoic 
acids had suffered preferential hydrogenation to a degree of completeness equalling a¢ least 
98% of the whole. Thus the position of the double bond with respect to the carboxyl 
group appears to have little influence on the preferential reducibility of the acid so long as 
the degree of substitution at the double bond remains unchanged. 

An example which has an important bearing on the problem of selectivity is afforded 
by the reduction of an equimolecular mixture of allyl alcohol and A*-hexenoic acid. Allyl 
alcohol, although a monosubstituted olefin, undergoes hydrogenation relatively slowly ; 
A*-hexenoic acid, on the other hand, undergoes hydrogeriation relatively rapidly. If, 
therefore, the intrinsic speeds of reduction of the separate components were the all-important 
factor in determining selectivity, the principle of consecutive reducibility would break down 
in thisexample. Actually, however, the principle does not break down. The mixture was 
found to absorb hydrogen readily at first (see curve III, Fig. 4), but absorption then fell off 
fairly rapidly and a distinct break in the rate-time curve occurred at approximately 65% 
hydrogenation; after that, absorption was very slow, corresponding, as was thought at 
first, with the hydrogenation of allyl alcohol. Chemical degradation of the products 
obtained by hydrogenating the mixture up to the point of break in the curve (point X) 
showed, however, quite conclusively that the material remaining unreduced at this point 
was not allyl alcohol but pure A*-hexenoic acid: therefore, hydrogenation had occurred 
selectively at the double bond of allyl alcohol in spite of its low normal rate of hydrogen- 
ation. Why the rate of hydrogenation of the hexenoic acid thus left behind should fall to 
the low value observed is not clear, but the example points very definitely to the relative 
unimportance of the absolute speed of hydrogenation in determining selectivity. 

Selectivity amongst Competing Mono-olefinic Conjugated Systems.—The authors’ earlier 
examination of the partial hydrogenation products of sorbic acid and those of its homologues 
(Joc. cit.) had indicated that the formation of the fully saturated derivative of each con- 
jugated acid begins at the outset of reaction ; for this reason afyd-additivity (7.e., simultaneous 
addition at both ethylenic centres) was attributed as one of the characteristic reactivities 
of the series. Owing to the occurrence of this type of additivity the absorption of one 
molecule of hydrogen by sorbic acid left 44% of the conjugated acid unchanged—a pro- 
portion which remained remarkably constant under the usual conditions of operation. 
Accepting this figure, and assuming a rate of disappearance of sorbic acid strictly pro- 
portional to the amount of hydrogen absorbed, it would be expected that all the sorbic 
acid would disappear at the stage of 93% hydrogenation, 7.e., only shortly before complete 
saturation. This expectation was entirely fulfilled in practice and it was found, moreover, 
that at eight other points between 0% and 93% hydrogenation the quantity of residual 
sorbic acid actually isolated corresponded extremely closely with that calculated on the 
same basis. The linear curve connecting disappearance of sorbic acid with hydrogen 
absorption is shown in Fig. 6. 

Simultaneously with the disappearance of sorbic acid a mixture of saturated and 
unsaturated acids is always produced, and it has been possible by first separating the 
residual sorbic acid from a number of partly hydrogenated products and then estimating 
the relative amounts of monoethylenic and saturated material contained therein, to show 
(see Fig. 6) that the formation of ethylenic and of saturated material occurs at uniform but 
different rates up to the point at which the conjugated material entirely disappears; after 
this point the ethylenic material suffers hydrogenation. Owing to the relatively small 
proportion of total ethylenic material produced, and to difficulties attending the exact 
estimation of its component acids, it has not been possible to draw separate curves showing 
the relative incidence of «f-, «3-, and y8-addition as hydrogenation proceeds. 

The question then arises: does any reduction of ethylenic material occur before all the 
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conjugated material has disappeared, or, in other words, does the formation of a proportion 
of the saturated material occur from the outset of reaction in two stages, viz., first by dihydro- 
genation to produce the three isomeric hexenoic acids, and then by further reduction of 
one or all of these to produce hexoic acid? On the answer to this question depends the 
degree of selectivity which can be assumed to exist between the conjugated and the ethylenic 
acid. 
There is nothing about the relationship of the individual curves in Fig. 6 to preclude the 
possibility that to some small but constant extent hydrogenation of the derived mono- 
olefinic material occurs simultaneously with the tetrahydrogenation process from the outset 
of reaction. Were this the case, however, the point at which the conjugated acid dis- 
appeared (93% hydrogenation) must necessarily change, if, instead of sorbic acid, a mixture 
of sorbic acid with one or other of the three isomeric hexenoic acids were initially taken. 
A series of reductions carried out with mixtures of sorbic acid and A*-hexenoic acid, and of 
sorbic acid and Af-hexenoic acid, showed quite clearly that the point of disappearance of 
the sorbic acid is not appreciably changed from that previously observed (93% hydrogen- 
ation) ; furthermore the proportions of sorbic acid remaining at different stages during the 
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Fic. 6.—Change of composition of reduction mixture during hydrogenation of sorbic acid (new catalyst). 
Fic. 7.—Change of composition of reduction mixture during hydrogenation of sorbic acid (‘‘ aged’”’ 
catalyst). 


reduction were found to agree exactly with those which would have obtained if no ethylenic 
acid had been initially taken. Thus, within the limits of accuracy imposed by the separ- 
ative and degradative procedures employed (i.e., in so far as concerns at least 98% of the 
conjugated material taken), it is correct to state that all of the fully saturated material 
which is produced before the conjugated material has become entirely used up, is formed 
by the simultaneous reduction of both ethylenic bonds of the conjugated acids. Accordingly 
there is no doubt as to the preferential or selective reduction of sorbic acid before that of 
its dihydrogen derivatives and presumably also of other mono-olefinic substances; more- 
over the present indications are that a similar statement could also be made for the homo- 
logues of sorbic acid, but this has not yet been systematically verified. 

Specific Activity of the Catalyst.—It has been stated that the platinum catalyst deter- 
iorates slowly with use in respect of the rate at which hydrogenation is effected, but usually 
a sample of catalyst can be employed several times in the reduction of a few grams of one 
or other of the acids under examination without the deterioration becoming serious; with 
prolonged use, however, the rate at which hydrogenation can be effected markedly decreases. 
The lowering in activity may be due to active patches in the catalyst becoming either 
inactive or much less active (cf. Rideal, J., 1922, 121, 309; Pease, J. Amer. Chem. Soc., 
1923, 45, 1196, 2235; Armstrong and Hilditch, Trans. F araday Soc., 1922, 17, 670; Taylor, 
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Proc. Roy. Soc., 1925, A, 108, 105) and it is possible that definite stages of deactivation 
analogous to those achieved by Vavon and Huson (Compt. rend., 1922, 175, 277) by carbon 
disulphide poisoning are capable of being progressively realised. Thus two substances 
might conceivably be found, of which one could be hydrogenated in the presence of a freshly 
reduced catalyst, but not in the presence of a more “‘ aged ”’ sample,* whilst the other could 
be hydrogenated in the presence of either catalyst but less rapidly in the presence of the 
more aged. It remains therefore to be seen whether different states of activity in the 
catalyst, as denoted by difference in the speed of promoting reduction of unsaturated 
substances, can have a specific effect on the additive mode of a conjugated compound, or 
whether the additive mode is entirely dependent on the conjugated constitution. 
Experiment with sorbic acid and a catalyst which had been applied many times to the 
reduction of ethylenic acids and then allowed to stand for many weeks in contact with a 
reduction mixture (7.e., not merely a “slightly aged’ specimen), showed at once that 
already at the stage of 68% hydrogenation only a negligible quantity of unchanged acid 
remained, instead of about 27% as was expected on the basis of the previous experiments ; 
repetition of the experiment gave the same result, although when freshly reduced catalysts 
were substituted for the aged specimens, the previously described results were again 
obtained. A new quantity of catalyst was therefore aged in, as nearly as possible, the 
same way as before: samples of this catalyst, which behaved similarly to the aged samples 
mentioned above, were used for determining in detail the additive behaviour of sorbic 
acid. This behaviour differed very considerably from that observed when a newly reduced 
catalyst was in use: the percentage composition of the reduction product at the stage 
50% hydrogenation is shown for aged and new catalysts in the table, and a diagrammatic 


Composition of hydrogenation product of sorbic acid (%) (50% hydrogenation). 


Acid. Additive type. New catalyst. Old catalyst. 
OUI siccssastasssaseccncnnensss — 44 28 
BIO cncrcssnseseonccesesonennis aByd 44 28 
BP-TICMORONS  osccicsccccseovess ys 7 36 
BP-Hexen0ic ..........se000. a5 - 8 
AY-HeXENGIC .......0scesee0e af . " 


representation of the whole course of reduction in the presence of the aged catalyst in Fig. 7. 
By comparison of this diagram with that in Fig. 6 it is clear that the degree of simultaneous 
reduction of the two ethylenic bonds is greatly diminished when the catalyst is aged, and 
correspondingly the proportion of ethylenic material is increased. From the table it is 
seen that the increase in the proportion of ethylenic material is caused mainly by increase 
in the amount of y8-addition, the amounts of «$- and a8-addition being little changed. 

It appears, therefore, that the selective action of a catalyst in promoting the reduction 
of a monosubstituted olefin before that of a more heavily substituted one, or the reduction 
of a conjugated polyolefin before that of a mono-olefin, is a permanent characteristic which 
is quite distinct from the specific activating capacity of the particular catalyst specimen 
employed, which affects the additive mode of a polyolefin. Thus, whereas the “ activity ”’ 
of the catalyst affects only the rate of hydrogenation of a mono-olefin, it can affect both the 
rate of hydrogenation and the additive mode of a conjugated compound. 

In explanation of the foregoing results it is now suggested that the activation produced 
at each of the ethylenic centres of a conjugated substance by a highly active catalyst may 
be sufficiently potent to initiate addition simultaneously at both centres (the degree of 
activation at each is not necessarily the same) quite independently of any augmenting 
activation, and in spite of any deactivating influence, arising from the substituents present 
in the carbon chain. Possibly the failure of Paal (Ber., 1912, 45, 2221) to effect the step- 
wise reduction of conjugated compounds with a platinum catalyst is to be attributed to the 
high state of activity of the latter, which promoted complete saturation in one stage. With 
catalysts of a lower degree of activity (e.g., the catalysts used in this investigation, and more 
particularly the ‘‘ well-aged ’’ catalyst), however, the constitutive or substitutional influence 
appears to be capable of assuming a greatly enhanced relative importance and might be 


* Aged by lapse of time since preparation or by previous use. 
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expected to attain its maximum value in the case of a catalyst which can only just promote 
reduction. Presumably the activating or deactivating impulses thus directed by the 
substituents towards one or other of the ethylenic centres of the chain are superimposed 
on the activations due to the catalyst, so effectively modifying the additive mode. 
Probably therefore no characteristic mode of hydrogen addition can be ascribed to 
sorbic acid and its homologues independently of the degree of activity of the catalyst, 
although an approach towards diagnosing the purely constitutional influences on the course 
of reaction may conceivably be possible by effecting hydrogenation with catalysts of a low 
degree of activity. But although the figures expressing variable additive tendencies given 
in the authors’ previous paper do not necessarily reflect solely the differences in constitution 
between the different conjugated acids—a fact made clear in the present investigation 
by the change in the ratio of y8-addition to «$- + «8-addition for sorbic acid from 1-4 : 1 to 
4-5 : 1—it is nevertheless certain that the differences in constitution correspond to differ- 
ences in orienting influence which are potentially, at least, of very considerable importance. 


EXPERIMENTAL. 


Standard Conditions of Hydrogenation.—The reaction vessel was a 200 c.c. Pyrex flask 
mounted in a shaker capable of maintaining a reasonably uniform rate of oscillation at speeds 
between 120 and 150 oscillations per min. The medium consisted of rectified spirit (75 c.c., 
except where otherwise stated) and the platinum catalyst was prepared in 0-1 g. portions as 
required by shaking an alc. suspension of hydrated platinum oxide, PtO,,H,O (Adams, “‘ Organic 
Syntheses,” VIII, 92), with well-washed H in the reaction vessel. Since the rate of hydrogenation 
of a substance is not an absolute characteristic, but varies with the rate of shaking, the amount 
of catalyst, and the vol. of solution in relation to the size and shape of the reaction vessel, it 
was necessary in all comparisons of reduction velocity to adhere rigidly to the standard conditions. 
For comparative expts. in which a uniform degree of activity of the catalyst was so far as possible 
to be maintained, the catalyst specimens employed were taken from the same batch of oxide. 
The hydrogenation of the various unsaturated compounds, and especially of the conjugated 
compounds, was accompanied by evolution of heat; the temp. generally rose about 10°, but 
with increased “ ageing ’’ of the catalyst, the temp. increase was less marked. At the end of 
the hydrogenation process a portion of the catalyst was usually retained in colloidal solution ; 
when, however, the catalyst had previously been used for hydrogenation, it settled out quickly, 
and could be completely separated by decanting the supernatant liquor. The alcohol was 
removed from the reduction products by distillation at reduced pressure. 


Partial Hydrogenation with an Active (‘‘ New’’) Catalyst. 


Separation and Oxidation of Products——Since the methods employed in separating the 
various partial hydrogenation products (mixtures of saturated and unsaturated material con- 
taining from two to five components) obtained in the course of this work resembled closely those 
described in the authors’ previous paper (Joc. cit.), the manipulative details are for the most part 
omitted here. The oxidation of the unsaturated material contained in the products was in- 
variably effected with 3% KMn0O, aq. at 0° after the product had been freed from solvent. 

Mixtures of A*-Hexenoic Acid and AY’-Pentenoic Acid.—Expt. 1. An equimol. mixture of the 
acids was hydrogenated with half the quantity of H required for complete saturation. The 
reduction product yielded on oxidation butyric, valeric and oxalic acids, all of which were 
readily isolated; no succinic acid, arising from unchanged A’-pentenoic acid, could be found. 

Expt. 2. A similar equimol. mixture containing 1-93 g. and 1-71 g. of the respective acids 
was 50% hydrogenated (383 c.c. H) * under equiv. conditions. On oxidation, the three acids 
previously isolated were again obtained, the yield of oxalic acid (as estimated by titration of an 
aliquot part of the oxidation liquor with N/10-KMn0O, at 60°) corresponding to the survival in 
the reduction mixture of 1-8 g. of At-hexenoic acid. No trace of succinic acid could be found. 

Expt. 3. A mixture containing 4-26 g. and 1-6 g. of the respective acids (i.e., not equimol.) 
was treated with just sufficient H to saturate the minor component of the mixture, 7.¢., the 
A’-pentenoic acid. By careful distillation of the reduction product, nearly the whole (4 g.) of 
the As-hexenoic acid was recovered unchanged (m. p. 33—35°). 

Mixtures of A®-Hexenoic Acid and AY’-Pentenoic Acid.—An equimol. mixture of the acids 
(2:3 g. and 2-14 g. respectively) was semi-hydrogenated (480 c.c. of H). The product yielded 
on oxidation at 0° with dil. KMnO, aq., propionic acid, valeric acid, and a small quantity of 


* The vol. of H supplied, both here and in subsequent expts., refers to N.T.P. 
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oxalic acid; no succinic acid could be isolated, although it was found by ad hoc expts. that 
small quantities of succinic acid (e.g., 0-05 g.), when admixed with a larger quantity of oxalic 
acid (e.g., 0-5 g.) and the whole submitted to the action of N/10-KMnO, at 60°, could still be 
isolated in sufficient quantity to ensure satisfactory identification. The oxalic acid formed 
could only have been derived from the A®-hexenoic acid, and indeed it was found that pure 
specimens of this acid (m. p. 12-5°) always suffered fission with permanganate to yield some 
quantity of oxalic acid in place of malonic acid, and a good yield of propionic acid, the com- 
plementary product of malonic acid. 

Mixtures of A*t-Hexenoic Acid and Allyl Alcohol_—Expt. 1. An equimol. mixture of these 
substances was hydrogenated until the rate of absorption had fallen from more than 20 c.c. to 
5 c.c. per min. (see Fig. 4). The product, when oxidised, yielded oxalic acid, a large amount of 
butyric acid, and a trace of a pungent-smelling acid. Obviously, therefore, the allyl alcohol had 
mainly been hydrogenated. 

Expt. 2. The hydrogenation of a mixture of 1-34 g. of At-hexenoic acid and 0-75 g. of allyl 
alcohol was stopped at the point when the change from rapid to slow absorption occurred. The 
product, when oxidised, yielded butyric acid, oxalic acid, and a small quantity of hexoic acid, 
but the quantities of these showed that at least 1 g. of the At-acid had escaped hydrogenation. 

Mixtures of A*- and A’-, also of A8- and A’-Hexenoic Acids.—The smoothness of the hydrogen- 
ation curves for these mixtures (shown in Fig. 3, curves III and IV) indicates that the com- 
ponents in each case suffered attack side by side as though they did not differ in composition. 
When a mixture of the At- and the A”-acid (2-92 g.) was 50% hydrogenated and the product 
oxidised, a mixture of acetic, butyric, hexoic, oxalic, and succinic acids was obtained, in which 
the amount of oxalic acid (estimated by means of N/10-KMnO, at 60°) was that derivable by 
the oxidation of 1-36 g. of At-hexenoic acid. Thus both of the unsaturated acids suffered attack 
at the same, or very nearly the same, rate. 

Mixtures of Sorbic Acid with Various Hexenoic Acids —Expt. 1. To a mixture of 5-6 g. of 
sorbic acid and 3-6 g. of A’-hexenoic acid, 2020 c.c. of H (90% of that required for saturating 
the sorbic acid alone) were added. On removal of the solvent and fractional distillation of the 
reduction product, only 0-1 g. of sorbic acid remained. When, for comparison, specimens of 
sorbic acid unadmixed with hexenoic acid were similarly treated with 90% of the hydrogen 
necessary for complete saturation, the proportion of sorbic acid recovered did not differ 
appreciably from that found above. 

Expt. 2. 4100 C.c. of H were added to a mixture of 11-2 g. of sorbic acid and 3-4 g. of 
A®-hexenoic acid : only 0-1—0-2 g. of sorbic acid escaped hydrogenation. 

Expt. 3. A mixture of 5-6 g. of sorbic acid and 3-6 g. of At-hexenoic acid, when treated with 
half the quantity of H requisite to saturate the sorbic acid alone, yielded only 2-4 g. of unchanged 
sorbic acid. Oxidation of the liquid acids contained in the reduction product yielded a quantity 
of oxalic acid which, when estimated by titration of an aliquot portion of the oxidation liquor 
with N/10-KMnO, at 60°, corresponded to the presence in the reduction product of 3-65 g. of 
unchanged A*-hexenoic acid. 

Expt. 4. A mixture of 5-6 g. of sorbic acid and 3-8 g. of A®-hexenoic acid was supplied with 
66% of the H required for saturating the sorbic acid alone. From the reduction product, only 
1-5 g. of sorbic acid was recovered, whilst by oxidation of the residual material a large quantity 
of propionic acid was obtained. This showed directly that the reduction product had contained 
a large proportion of A’-hexenoic acid, although the exact amount was not in this case estimated. 


Partial Hydrogenation with an “ Aged”’ Catalyst. 


Sorbic Acid.—When specimens of this acid were treated with 66% of the H required for 
complete saturation, no residual sorbic acid could be isolated on fractionally distilling the product. 

Mixture of Sorbic Acid and A*-Hexenoic Acid.—When a mixture of 5-6 g. of sorbic acid and 
2-5 g. of At-hexenoicacid was treated with 66% of the amount of H necessary to saturate the sorbic 
acid alone, again no trace of the latter acid could be isolated on working up the product. When 
the expt. was repeated using the same respective quantities of acids but only 50% of the H 
necessary to saturate the sorbic acid alone, 1-5 g. of sorbic acid were recovered; this amount was 
exactly equal to that recoverable when 5-6 g. of sorbic acid alone were 50% hydrogenated. The 
oxidation product of the 50% hydrogenated mixture contained an amount of oxalic acid 
equivalent to 4-3 g. of At-hexenoic acid, which is less by 0-3 g. (owing to the formation of some 
hexoic acid and minor amounts of A®- and AY-hexenoic acids from the sorbic acid) than the sum 
of the amount of A?-acid originally present and that producible from the sorbic acid if only 
ys-dihydrogenation occyrred. 
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The Course of Hydrogenation of Sorbic Acid. 


With an Active (‘‘ New’’) Catalyst—Portions of sorbic acid were submitted to the action of 
different amounts of H (approximately 25, 30, 40, 60, 75, 80, 90, 95% of that required for 
saturation). The amounts of (a) unchanged sorbic acid, (b) hexoic acid, (c) total mono-olefinic 
acid, and (d) At-hexenoic acid were determined and from the values obtained a diagram sum- 
marising the course of hydrogenation (Fig. 6) was constructed. The values in the categories 
(a) and (b) were determined by direct separation of the products concerned, those in (c) by 
determining the amount of H required to saturate the mono-olefinic residues, and those in (d) 
by titrating with KMnQ, at 60° the oxalic acid produced on oxidising the mono-olefinic portions 
of the reduction products. The values in (d) may be slightly too large owing to the tendency 
of A®-hexenoic acid (here produced in small amount) to give a little oxalic acid on oxidation. 

In order to test the reproducibility of the foregoing results with sorbic acid and thus to ensure 
that a reasonable uniformity in the degree of activity of the catalyst could be maintained, a 
similar but shorter series of reductions was carried out with portions of catalyst from two 
entirely new preparations of hydrated platinum oxide. In all cases the values for recovered 
sorbic acid and those for hexoic acid and mono-olefinic material agreed very closely with the 
corresponding values derived from Fig. 6. 

With an “‘ Aged” Catalyst—By carrying out a similar series of partial hydrogenations 
employing a catalyst “‘ aged ”’ by previous use, a diagram summarising the course of reduction 
of sorbic acid with a less active catalyst was constructed. This diagram (Fig. 7) shows a course of 
reduction differing materially from that observed with a ‘‘ new ’’ catalyst. 


The authors express their thanks to the Chemical Society for a grant to one of them 
(R. A. E. G.). 
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176. Optical Superposition and the 4: 6-Benzylidenemethylglucosides. 
By Davip S. MATHERS and GEORGE J. ROBERTSON. 


In the course of an investigation on the synthesis of 4 : 6-dimethyl glucose we had occasion 
to prepare 2 : 3-di-f-toluenesulphony] 4 : 6-benzylidene-«-methylglucoside. The substance 
had been described by Ohle and Spencker (Ber., 1928, 61, 2387), who stated that it had 
m. p. 149° and [«]) + 66-5° in chloroform (c = 3-068). Our material melted at 148—149° 
and had [«]p + 13° in chloroform (c = 1-505), and this marked discrepancy in the specific 
rotation led us to submit our material to systematic fractional crystallisation. A specimen 
of m. p. 148—149° and [«]p + 12-9° was crystallised four times (see p. 698), but the specific 
rotations of the first fraction from each successive crystallisation and of the second and 
third fractions from the individual mother-liquors were practically unaltered. As the 
m. p. remained unchanged, there can be no doubt that our material is homogeneous. 
Further investigation proved that the optical properties of this substance are somewhat 
unusual, as it shows [#]p + 71-4° in dry methyl alcohol (c = 0-084) and — 8-6° in dry 
acetone (c = 1-984), and we suggest that Ohle and Spencker have misquoted the solvent 
employed. The above authors, however, use their value as the basis of a criticism of the 
theory of optical superposition with particular reference to the generalisation due to 
Hudson, which states that if the proportions of the molecular rotation of a sugar contributed 
respectively by the terminal asymmetric carbon atom and the remainder of the molecule 
be represented by A and B, the molecular rotations of the «- and the B-form may be regarded 
as having the values + A + B and — A + B, from which it follows that the molecular- 
rotation difference (2A) should be constant. The data given by Ohle and Spencker were : 


Derivative of benzylidene-a- or -8-methyl- 


glucoside. [a]p in CHC]. M. [M]p. Diff. (24). 
IEEE. sdncenconnnpscncecnssennisenisnsnesions + 96°9° 490 +47,500° 
SPIED  natditdtacndoniscnvieseessctuncinncnsie + 15°8 490 + 7,750 +39,750° 
a-Di-p-toluenesulphonyl]  .............sseeeeeeees + 66°5 590 +39,250 
B-Di-p-toluenesulphonyl]  ...........seeeeeeeeeees — 54°7 590 — 32,250 +71,500 
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When, however, our value of + 13° in chloroform is substituted for 2 : 3-di-p-toluene- 
sulphonyl 4 : 6-benzylidene-«-methylglucoside, the corrected value of [M]) becomes 
+ 7,650° and the corresponding difference is + 39,900°. 

The close agreement in the values of 2A obtained for the above two pairs of isomerides 
encouraged us to pursue the investigation, and accordingly the parent substances, together 
with the corresponding diacetates and dimethyl ethers, were prepared and their optical 
behaviour in chloroform solution was examined. The results are summarised below (head- 
ings as for first table) : 


RID. sesnankanssnssantinsenseesaieonieaosins + 98°6 490 +48,300 
IIIT - dutuiisiscasticihpiccintsndaseaenmeniieds (+ 15°8)* 490 + 7,750 +40,550 
a-Di-p-toluenesulphonyl]  ............csceeeeeeee + 13-0 590 + 7,650 
B-Di-p-toluenesulphonyl]  ............:.seeeeeeees (— 54:7)* 590 — 32,250 +39,900 
GIS cconcccesesnsecsexsenesesosssnsecssevoress + 94°6 310 +29,350 
PPENING sencrccesssccnesccsececesssacsscccenseens — 59°6 310 — 18,500 +47,850 
EE | sntnnnistnsevnensesnnnscsinacnoenscnnpens + 75°5 366 +27,650 
PEAROTGE  cccesssccccccosessessecesseceseseccsecenes — 90°9 366 — 33,250 + 60,900 
a-Methylglucoside (unsubstituted) ............ +117°5 282 +33,150 
B-Methylglucoside (unsubstituted) ............ — 62:3 282 — 17,550 4-50,700 


* The values in parentheses are due to Ohle and Spencker (/oc. cit.). 


It therefore appears that the agreement in the values of 2A for the dibenzoyl and di-f- 
toluenesulphonyl derivatives is fortuitous, and that Hudson’s rule does not apply to the 
benzylidene derivatives of «- and @-methylglucoside. Ohle 


(4)_ HOCH, Dieonieidonesl and Spencker have pointed out that the specific rotation in 
| ‘HOR ! such compounds is controlled by three factors owing to the 
OCHOR : () introduction of a new asymmetric centre with the benzyl-. 

(B) CH—O\ idene residue. They suggest that benzaldehyde condenses 

H SSCHC H. in one optical sense in the «-series, and in the opposite sense 
¢ 6’® in the 8-series, so that each pair of isomerides may be looked 


upon as cis- and /vans-compounds in which the optical 
rotation may be expressed as +- A + B + Cand — A + B —C respectively [see (I)]._ The 
available evidence, although incomplete, is distinctly adverse to this view. In the passage 
from «-methylglucoside to its 4: 6-benzylidene-derivative the specific rotation changes 
from + 159° to + 117-5°, and this levo-effect is likewise evident in the corresponding 
8-compounds, where the rotation changes from — 33° to — 62-3°. From this it might 
be argued that C has the same orientation in both series of compounds, in which case 
Hudson’s reasoning should be applicable. 

It is, unfortunately, impossible to compare the above values of 2A with those derived 
by Hudson for the methylglucosides, methylxylosides, etc., owing to the difficulty in 
obtaining a common solvent for both series. Through the kindness of Dr. J. W. H. Oldham, 
however, we are enabled to give the following data for the «- and the $-form of 2:3-dimethyl 
methylglucoside and for the corresponding 4: 6-dibenzoyl derivatives in chloroform 
solution : 


2 : 3-Dimethyl] derivative of [a]p. M. [M)p. Diff. (2A). 
a-Methylglucoside ............sseeseeeeeeeeeeeeeees +146°3° 222 +32,500° 
B-Methylglucoside ...........scseseseeeeeeeneeeees — 47°8 222 — 10,600 +43,100° 
4: 6-Dibenzoyl a-methylglucoside ............ +108°5 430 +46,650 
4: 6-Dibenzoyl f-methylglucoside ............ — 82 430 — 3,550 +50,200 


These values are directly comparable with those obtained by Hudson (J. Amer. Chem. 
Soc., 1915, 37, 1264) for «- and $-tetra-acetyl methylglucosides in chloroform, for which 
he found a difference (2A) of 53,900. It is therefore apparent that the optical value of 
the terminal asymmetric or glucosidic carbon atom is not constant, but in certain cases is 
dependent upon the constitution of the remainder of the molecule. 

The reasonable conclusion to be drawn from our work is that Hudson’s generalisation 
ought not to be applied to sugar derivatives so complicated as those now under consider- 
ation. The problem is complicated by the fact that, in addition to the sections of the 
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molecule denoted as A and B, there are two new factors, viz. (a) the specific effect of the 
benzylidene residue in altering the rotation of the molecule as a whole, and (b) the further 
effect of d- and /-configurations within the benzylidene residue. 


EXPERIMENTAL. 


2: 3-Dibenzoyl 4 : 6-benzylidene-«-methylglucoside was prepared by the method of Ohle 
and Spencker (loc. ci/.). It crystallised in colourless needles, m. p. 152—153°, and had [«]p 
-+ 98-6° in CHCl, (c = 2-820); -++ 95-7° in acetone (c = 1-022); + 154-6° in abs. EtOH (c= 
0-119); and + 107-6° in MeOH (c = 0-112). Ohle and Spencker give m. p. 148°. 

2 : 3-Di-p-toluenesulphonyl 4 : 6-benzylidene-«-methylglucoside was also prepared by the 
method of Ohle and Spencker (loc. cit.). The yield may be greatly improved by using a 50% 
excess of p-C,H,Me-SO,Cl and allowing reaction to proceed at room temp. for 4 days. The 
substance crystallised from MeOH in colourless needles, m. p. 148—149°, and had [«]p as given 
on p. 696 (Found : OMe, 5-2. Calc. for CygH 3919S. : OMe, 5:25%). The material was fractionally 
crystallised, and the crops had m. p. 148—149° in every case except the one noted (IIa). 


I. 
15°5 g., [a]p + 12:9°. 
| 


| 4 _| 
Il. 13-1 g., [a]p + 126°. Ila. 1-2 g., m. p. 148°. 


| * | 
III. 9-7 g., [a]p + 12°4°. Illa. 1-8 g., [a]p + 12:2°. Illb. 0-6 g., [a]p + 11-9°. 





| 
IV. 5-2 g., [a]p + 13:2°. IVa. 2-7 g., [a]p + 13-0°. 








| 
V. 21 g., [a]p + 12:9°. Va. 2-2 g., [a]p + 134°. 
Solvent CHCl, (c = 3-03—3-07); J = 2. 


2: 3-Dimethyl] 4 : 6-benzylidene-x-methylglucoside was prepared by the method of Irvine 
and Scott (J., 1913, 103, 578); m. p. 121—122°; [a]p + 94-6° in CHCl, (c = 1-997), + 95-4° 
in acetone (¢ = 1-677). 

2: 3-Dimethy] 4 : 6-benzylidene-8-methylglucoside was prepared by Freudenberg’s method 
(Ber., 1928, 61, 1758); m. p. 140—141°; [a]) — 59-6° in CHCl, (c = 1-980). Freudenberg 
gives [a]p — 61° in EtOH. 

2: 3-Diacetyl 4 : 6-benzylidene-x-methylglucoside was prepared by treating 4: 6-benzyl- 
idene-x-methylglucoside with a 10% excess of Ac,O in pyridine. The mixture was kept at 
room temp. for 2 days, and then treated with H,O and C,H,. The C,H, extract was thoroughly 
washed and dried over anhyd. Na,SO,. The CgH, was evaporated, and the residue crystallised 
from rectified spirit; yield 80%; colourless needles, m. p. 108—109°; [a]p + 75-5° in CHCl, 
(c = 1-987), — 10-2° in acetone (c = 1-475), + 91-5° in abs. EtOH (c = 0-164) (Found: OMe, 
8-2. Calc. for C,gH,,0,: OMe, 8-47%). 

2 : 3-Diacetyl 4 : 6-benzylidene-8-methylglucoside was prepared by Oldham and Ruther- 
ford’s method (J. Amer. Chem. Soc., 1932, 54, 374); m. p. 171—172°; [a]p — 90-1° in CHCl, 
(c = 1-931), — 84-2° in acetone (c = 1-994). Oldham and Rutherford give m. p. 169—170°, 
[a]p — 95-2° in CHCl, (¢ = 5-214). 

4 : 6-Benzylidene-«-methylglucoside, prepared by Irvine and Scott’s or Freudenberg’s method 
(Jocc. cit.), had m. p. 164—165°; [a]p + 117-5° in CHC], (¢c = 1-030), + 95-5° in MeOH (c = 1-016). 

4 ; 6-Benzylidene-8-methylglucoside, m. p. 199—201° (from Dr. J. W. H. Oldham), was 
examined in CHCl, solution and had [a«]) — 62-3° (c = 1-012). 


The authors acknowledge their indebtedness to the Carnegie Trust for the grant of a Scholar- 
ship to one of them (D. S. M.). 
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177. The Condensation of Formaldehyde with p-Nitrophenol. 


By F. D. Cuatraway and R. MAx GOEPP. 


It has long been known that either 5 : 5’-dinitro-2 : 2’-dihydroxydiphenylmethane (I) or 
6-nitrobenz-1 : 3-dioxin (II) may be formed from formaldehyde and #-nitrophenol according 
to the conditions of the condensation. 

The condensation easily proceeds further if excess of formaldehyde is used, the final 
product being di-(6-nitrobenzdioxinyl-8)methane (III). 


CH, CH, 
OH OH , “.* 
Cnan@ SOes Cu, | | CH, 
No, No, an 
(I.) (II.) NO, (UL) NO, 


This on oxidation by chromic acid in hot acetic acid forms di-8 : 8’-(6-nitrobenzdioxinyl) 
ketone (IV), which on account of its very slight solubility separates immediately and thus 
escapes further oxidation. This can, however, be effected by a solution of chromic acid 
in cold concentrated sulphuric acid; di-8 : 8’-(6-nitro-4-ketobenzdioxinyl) ketone (V) is then 
formed, which is easily hydrolysed by potassium hydroxide to formaldehyde and di-3 : 3’- 
(5-nitrosalicylic acid) ketone (V1), each of the two dioxin rings behaving in these reactions 
like the single dioxin ring in 6-nitrobenzdioxin. 


Ss is 
oO OH OH 
OH, % © HO,C’ \-CO-“ \CO,H 
oa | co _ 4 2CH,O 
No, No, 
O, Xo, 
* av.) (V.) (VI) 


To obtain any one of the three products which may be formed by the interaction of 
formaldehyde and #-nitrophenol in anything approaching a pure condition it is necessary 
to use the exact quantity of formaldehyde and a proper concentration of acid, to regulate 
the temperature at which the reaction takes place, and to ensure that the formaldehyde 
and #-nitrophenol are in solution when the sulphuric acid is added. 


Preparation of 5: 5’-Dinitro-2 : 2’-dihydroxydiphenylmethane (1).—This compound, which is 
described as an amorphous yellow solid melting indistinctly at 230°, is stated (D.R.-P. 73946) 
to be formed when 15 parts of 40% CH,O are added to 56 parts of p-nitrophenol dissolved in 
200 parts of conc. H,SO, at 0°, and the mixture gradually warmed to 60°. We have been 
unable to prepare it by this procedure. 

When 10 c.c. of 40% CH,O aq. (1 mol.) and 6 c.c. of H,O were added to 24 c.c. of conc. 
H,SO,, the temp. rose to 75—80°. The hot mixture was added rapidly with vigorous shaking 
to a solution of 38 g. (2 mols.) of p-nitrophenol in 5 c.c. of H,O at about 75°. The temp. rose 
to 120—130°, which was maintained until the product separated into a greenish semi-solid mass 
and a clear supernatant liquid. The solid was dissolved in warm 4% NaOH aq., filtered 
from 5-nitrobenzdioxin (if any was formed), and acidified with HCl aq.; 5.: 5’-dinitro-2 : 2’-di- 
hydroxydiphenylmethane then separated (yield, 37 g.). It is unusually easily sol. in EtOH, 
and sparingly sol. in hot AcOH, from which it separates in soft, somewhat irregular, pale yellow 
crystals, m. p. 268° (Found: N, 9-5. Calc. for C,,;H,,O,N,: N, 9°65%). 

The diacetyl derivative, prepared by warming the substance with Ac,O and a drop of H,SO,, 
crystallised from hot AcOH in well-formed, almost colourless, elongated prisms, m. p. 153° 
(Found: N, 7:2. C,,H,,O,N, requires N, 75%). By hydrolysis with warm 5% NaOH aq. 
the parent substance was regenerated. 
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When dissolved in fuming HNO, at 0—5°, (I) yields 3: 3’: 5: 5’-tetranitro-2 : 2’-dihydroxy- 
diphenylmethane, small, pale yellow prisms from AcOH, m. p. 253° (Found: N, 146. 
C,3;HgOyoN, requires N, 14-7%). 

Preparation of 6-Nitrobenzdioxin (I11).—A mixture of 15 c.c. of H,O and 45 c.c. of conc. 
H,SO, at 15° was added rapidly in one portion with vigorous shaking to a solution of 20 g. 
(1 mol.) of p-nitrophenol in 25 c.c. (2 mols.) of 40% CH,O aq. also at 15°. The mixture set 
in a few seconds to a pasty mass (the temp. rising to about 80°), which was shaken vigorously 
for about 15 min. and then poured into 500 c.c. of H,O. 6-Nitrobenzdioxin, which separated 
as a pale yellow solid, was washed successively with hot H,O, very dil. NH, aq. (until the 
filtrate was only very pale yellow), acidified H,O, and hot H,O. Crystn. from boiling EtOH 
gave 19 g. of pure 6-nitrobenzdioxin, m. p. 149—150°. 

Chlorination in AcOH yielded 8-chloro-6-nitrobenzdioxin, colourless needles from EtOH, 
m. p. 152—153° (Found: Cl, 16-4. C,H,O,NCl requires Cl, 16-5%). Similarly bromination 
yielded 8-bromo-6-nitrobenzdioxin, colourless needles from EtOH, m. p. 165—166° (Found: 
Br, 30-3. C,H,O,NBr requires Br, 30-8%). 

Oxidised by CrO;, 8-chloro-6-nitrobenzdioxin yielded 8-chloro-6-nitro-4-ketobenzdioxin, 
colourless elongated prisms from EtOH, m. p. 125—126° (Found: Cl, 15°65. C,H,O;NCl 
requires Cl, 15-5%). Hydrolysed with 5% NaOH aq., it yielded 3-chloro-5-nitrosalicylic acid, 
hair-like needles from EtOH, m. p. 202—203° (Found: N, 6-5. C,H,O;NCl requires N, 6-4%). 

8-Bromo-6-nitrobenzdioxin yielded similarly 8-bromo-6-nitro-4-ketobenzdioxin, colourless 
prisms from EtOH, m. p. 120—121° (Found: Br, 29-3. C,H,O;NBr requires Br, 29-3%) and 
3-bromo-5-nitrosalicylic acid, colourless hair-like crystals from dil, HCl, m. p. 223—224° (Found : 
N, 5:25. C,H,O;NBr requires N, 5-3%). 

When 6-nitrobenzdioxin is reduced, the 6-aminobenzdioxin diazotised, and Cu,Cl, added, 
6-chlorobenzdioxin is formed; small pearly leaflets from EtOH, m. p. 98—99° (Found : Cl, 20-3. 
C,H,O,Cl requires Cl, 20-8%). 6-lodobenzdioxin, similarly prepared, crystallises from EtOH in 
colourless needles, m. p. 58° (Found: C, 36-4; H, 2:5. C,H,O,I requires C, 36-6; H, 2-7%). 

Preparation of Di-(6-nitrobenzdioxinyl)methane (III).—A mixture of 50 c.c. of H,O and 
200 c.c. of conc. H,SO, at 75—80° was added, with vigorous shaking, to a solution of 70 g. 
(i mol.) of p-nitrophenol in 150 g. (3 mols. + slight excess) of 40% CH,O aq., also at about 75°. 
‘The temp. rose to about 130° and di-(6-nitrobenzdioxinyl)methane slowly separated as a buff- 
coloured solid. After 1 hr.’s heating on a water-bath, this was separated, washed successively 
with excess of 4% NaOH aq., slightly acidified H,O, and hot H,O (a theor. yield, 94-5 g., was 
obtained), and crystallised from boiling AcOH, in which it was sparingly sol., forming clusters of 
very slender, colourless prisms, m. p. 225° (Found: C, 54-4; H, 3-8; N, 7-5. C,,H,,O,N, 
requires C, 54:5; H, 3-7; N, 7:5%). 

Oxidation. 10 G. of di-(6-nitrobenzdioxinyl)methane were dissolved in 500 c.c. of hot 
AcOH, a solution of 15 g. of CrO, in 100 c.c. of ACOH added, and the mixture heated to boiling 
for 5 min. and then cooled to 40°; minute well-formed crystals (9 g.) of di-(6-nitrobenzdioxinyl) 
ketone (IV) separated. This substance is very sparingly sol. in boiling AcOH (about 1 g. in 11.), 
and moderately easily sol. in hot nitrobenzene, from which it crystallises in small well-formed 
prisms with domed ends. It chars above 285° without previously melting (Found: C, 52-4; 
H, 3-1; N, 7:3. C,,H,,O,N, requires C, 52-5; H, 3-1; N, 7-2%). 

Oxidation of Di-(6-nitrobenzdioxinyl) Ketone.—To 5 g. of the ketone dissolved in 100 c.c. of 
cold conc. H,SO,, the calc. quantity of K,Cr,O, (5 g.) in 50 c.c. of conc. H,SO, was added 
gradually (20 min.), with ice-cooling. After 24 hr., the mixture was poured over ice and the 
di-(6-nitro-4-ketobenzdioxinyl) ketone (V) which separated was dried, extracted several times with 
small amounts of boiling AcOH to ensure its freedom from any traces of unattacked ketone, 
and recrystallised from hot nitrobenzene, in which it was sparingly sol., forming small, elongated, 
six-sided, colourless prisms, m. p. 314° (Found: C, 49-4; H, 2-05; N, 69. C,,H,0,,N. 
requires C, 49-0; H, 1-9; N, 6-7%). 

Hydrolysis. 10 G. of the ketone (V) were heated for 5 min. with 50 c.c. of 20% KOH aq. 
Formaldehyde was liberated and a yellow solution resulted, from which, on acidification, 
di-3 : 3’-(5-nitrosalicylic acid) ketone (V1) separated as a colourless solid. It is sparingly sol. in 
boiling H,O made very slightly acid with HCl, from which it separates in colourless glistening 
flattened prisms which do not melt below 330° (Found : C, 46-0; H, 2-1; N, 6-9. C,,;H,O,,N. 
requires C, 45-9; H, 2-0; N, 7-:1%). 


THE QUEEN’s COLLEGE LABORATORY, OXFORD. (Received, March 23rd, 1933.]} 
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178. The System Magnesium Chloride—Lime—Water. 
By C. R. Bury and E. R. H. DAVIEs. 


THE work now recorded is a continuation of that previously published (J., 1932, 2008 *) 
on the physical chemistry of magnesium oxychloride cement. Lime is invariably present 
in commercial samples of magnesia and appears to exert a deleterious influence on the cement 
when present in amounts exceeding 2°. In order to study the effect of lime, the four- 
component (reciprocal salt pair) system MgCl,-CaO-H,0 has been examined at 25°. Before 
describing this system it is desirable to discuss the four three-component systems 
MgO-MgCl,-H,O; CaO-CaCl,-H,0; MgO-CaO-H,O; and MgCl,-CaCl,-H,O at 25°: 
the first has been described in the previous paper (loc. cit.) and the second by Milikan (2. 
physikal. Chem., 1918, 92, 60), the solid phases being Mg(OH),; 3MgO,MgCl,,11H,0 ; 
MgCl,,6H,O and Ca(OH),; 3CaO,CaCl,,16H,O; CaO,CaCl,,2H,O; CaCl,,6H,O 
respectively. The third and the fourth system are first described. 


The System MgO-CaO-H,O at 25°.—On account of the low solubilities of Ca(OH), and 
Mg(OH),, the usual method of treating such 3-component systems is inapplicable. A method, 
analogous to a well-known method of studying salt hydrates, has therefore been used. Known 
weights of CaO, MgO, and H,O were placed in a tube, shaken in a thermostat at 25° for 3 months, 
and the concn. of CaO in the filtered solution then determined by titration with acid. From 
the initial wts. taken and the measured solubility of CaO, the ratio R, undissolved CaO/un- 
dissolved CaO + MgO, was calculated. The results obtained are shown in Table I, in which 
the solubility of CaO is expressed in g. per 100 g. soiln., and RF in mols. 


TABLE I. 
0-117 0-116 0-115 0-115 0-116 O°115 
0°77 0°53 0°33 0°125 0°037 


Toillustrate the theory of the method, suppose a compound CaO,MgO,xH,0 to be formed. 
Solids for which R lay in the range 1-0—0-5 would be mixtures of Ca(OH), and this compound, 
and the concentration of CaO in the soln. in contact with them would be the same as that 
in a sat. soln. of pure Ca(OH). All solids for which R was in the range 0-5—0 would be 
mixtures of Mg(OH), and the compound. The concn. of CaO in the soln. in contact with 
them would be constant, but would be lower than that of a sat. soln. of pure Ca(OH)s. 
Thus if conens. of CaO be plotted as ordinates against R as abscisse, the resulting graph 
should be a series of steps, each vertical portion indicating a compound. The relative 
amounts of CaO and of MgO in each compound will be given by the corresponding value 
of R, but the amount of water in the compounds cannot be determined by this method. 
The figures given in Table I indicate therefore that no compound is formed, and that the 
only solid phases present are Ca(OH), and Mg(OH),. 

The System MgCl,-CaCl,-H,O at 25°.—This system has been described by Lee and 
Egerton (J., 1923, 123,706), the solid phases present being MgCl,,6H,O ; CaCl,,2MgCl,,12H,O 
(tachydrite); and CaCl,,6H,O. During investigation of the 4-component system it was 
found that solutions saturated with MgCl,,6H,O and 3MgO,MgCl,,11H,O, or with 
CaCl,,2MgCl,,12H,O and 3MgO,MgCl,,11H,O, were identical in composition with those 
saturated with MgCl,,6H,O or CaCl,,2MgCl,,12H,O alone as determined by Lee and 
Egerton. There was, however, an appreciable difference between our data for the com- 
position of solutions saturated with CaCl,,6H,O and 3MgO,MgCl,,11H,O and those of Lee 
and Egerton for the composition of solutions saturated with CaCl,,6H,O alone. The 
solubility of CaCl,,6H,O in solutions containing MgCl, was therefore determined. One of 
Lee and Egerton’s points was found to be in error, and the form of the curve for the solubility 
of CaCl,,6H,O is rather different from that given by them. 

The solubility of the metastable hydrate «-CaCl,,4H,O in solutions containing MgCl, 
was also determined because it was thought that the discrepancy between our results and 
those of Lee and Egerton might be due to the fact that these authors had obtained this 


* In this paper, p. 2010, 1. 7 from bottom, for ‘ 1-27’’ read “‘ 2°7.”’ 
3A 





702 Bury and Davies : 


hydrate instead of the stable CaCl,,6H,O as solid phase, but the results obtained do not 
support this surmise. 

Exptl. and analytical methods were the same as those used in studying the 4-component 
system, except that equilibrium is established in a few days. The nature of the solid phases 


present was determined by inspection with a microscope; a few analyses of moist solids were also 
made, but are not quoted. The results are given in Table II, which includes some measurements 


TABLE II. 


Analyses of saturated solutions for system CaCl,-MgCl,—-H,O. 
MgCl, CaCl, Solid | MgCl,, CaCl,, MgO, Solid | MgCl,, CaCl, MgO, Solid 
Zo: Yo Yo % 7 % 


. phases. y * o 4. phases. %. hs %-+ Phases. 
— 45°00 0 C, H. 13°58 33°36 0°002 X,T. 597 43°4 — 
07168 44°88 0° C,H,X. 1460 31:32 0002 X,T,M. 601 43°38 — 
0612 4455 0° > < 19°32 22°94 0-002 X,M. 624 4319 — 
3°098 42°14 . 29°25 7:87 0°002 . 730 8 ©641°99 — 
4115 41°48 . 29°84 7:46 0°002 ‘ 852 40°03 — 
647 39°58 . — 48:30 — A. 943 38°88 — 
8°14 38°82 p ake 2°739 46°49 —_— ‘ 938 38°94 — 
942 38:30 0-002 C,X,T. 4742 44-71 — ; 
Solid phases: C = CaCl,,6H,O; H = Mg(OH),; X = 3MgO,MgCl,,11H,O; 
T = CaCl,,2MgCl,,12H,O; M = MgCl,,6H,O; A = a-CaCl,,4H,O. 


with Mg(OH), or 3MgO,MgCl,,11H,O as solid phases obtained during the study of the 4-com- 
ponent system; these contain a trace of free MgO. All analyses quoted are the mean of 2 


H,0 
olee & Lgerton 
o Bury & Davies 





MgCl, 6H,0 


\ie 
Call, 2Mgllo, 12H,0 


concordant determinations and are expressed in g. per 100 g. soln. The results, together with 
other material, are shown in the fig., plotted on triangular co-ordinates. As can be seen, the 
two triple points CaCl,,6H,O-CaCl,,2MgCl,,12H,O-—Soln. and «-CaCl,,4H,O-CaCl,,2MgCl,,12H,O- 
Soln. coincide within the limits of exptl. error at this temp. 

The Four-component (Reciprocal Salt Pair) System CaQ-MgCl,—H,O at 25°.—Mg(OH), and 
3MgO,MgCl,,11H,O are much less sol. than any other solid phases encountered in studying this 
system, and consequently one or the other of these is almost invariably present as solid phase. 
These two solids also play a prominent réle in the 3-component system MgO-MgCl,-H,O and 
in its exptl. behaviour, and in the difficulties encountered in its study, the 4-component system 
is very similar to the 3-component system. Even in favourable circumstances, equilibrium 
is only established very slowly, metastable equilibria are readily established, and mixtures tend 
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to set tocementsor gels. It was found that.continuous shaking for 2 months at 25° was necessary, 
and metastable equilibria could be avoided by inoculation with a trace of powdered magnesium 
oxychloride cement. As the amount of CaCl, in the system increases, the tendency to form 
cement decreases, while the tendency to form.gels increases; 0-2 g. MgO swells in contact with 
100 c.c of a CaCl,-rich soln. containing a little MgCl, and the whole of the soln. sets to a gel. 
Gel formation prevents stirring, and equilibrium can only be attained in reasonable time by 
using such small amounts of MgO that no firm gel is formed. This in turn makes it difficult 
to fix the concns. of solns. in equilibrium with Mg(OH), and 3MgO,MgCl,,11H,O simultaneously, 
for small amounts of MgO are converted completely into one or the other of these unless the concn. 
of the initial soln. used is almost coincident with the concn. of the equilibrium soln. 

To overcome this difficulty, and to cover the field systematically, a system of ‘‘ traverses ”’ 
was used. Two solns., of accurately known but very different composition, were mixed in 
various proportions: 0-2 g. of MgO, or sometimes of CaO, was then added to each mixture. 
After equilibrium had been established, the solns. were analysed, and the nature of the solid 
phase determined. Asa rule, the solid phase was 3MgO,MgCl,,11H,O in the solns. containing 
most MgCl,, and Mg(OH), in solns. containing least MgCl,. Once the triple point Mg(OH),— 
3MgO,MgCl,,11H,O-Soln. had been bracketed, the interval was systematically investigated in a 
second series of expts. 

Solns. and moist solids were analysed for Cl by Volhard’s method, and for Ca and Mg. The 
moist solid was dissolved in dil. HNO, and aliquot portions taken. Blasdale’s procedure (J. 
Amer. Chem. Soc., 1909, 31, 917) for the estimation of Ca in the presence of Mg was followed, the 
Ca being then weighed as CaCO, after ignition in an electric furnace at 500—520° (Willard and 
Boldyreff, ibid., 1930, 52, 1888). Mg was estimated as Mg,P,O, with the precautions recom- 
mended by Epperson (ibid., 1928, 50, 321). Solns. were always slightly alk., although if they 
contained much CaCl, or MgCl, this could not be detected from analyses of Ca, Mg, and Cl, which 
were present in equiv. proportions within the limits of exptl. error. The free base in soln. was 
therefore determined by titration with HCl. 

Analyses of sat. solns. are given in Tables III and IV, all results being the mean of 2 con- 
cordant determinations. In Table III are also given analyses of moist solids in contact with 
these solns. Analyses are expressed as g. of the various components per 100 g. soln. or moist 
solid. The results fall naturally into 2 sections: Table III includes all analyses in which 
MgCl, was found present in solution. For this part of the system MgCl,, CaCl,, and MgO can 
most conveniently be regarded as the components of the system. In this section solns. invariably 
contain about 0-002% MgO in addition to the other components listed. Table IV includes 
all analyses in which no Mg can be detected in soln.: for this part of the system CaO, CaCl,, 


TABLE III. 


Analyses of saturated solutions and moist solids for system CaOQ-MgCl,-H,O. 


Sat. solution. Moist solid. Sat. solution. Moist solid. 
\ / — ™%\ SN ff ™ 
MgCl,, CaCl,, MgCl,, CaCl,, MgO, Solid MgCl,, CaCl,, MgCl,, CaCl,, MgO, Solid 
%- %- %- %- %: Phases. %- %- %- % %+ phases. 
8°46 1864 4°87 138 31°4 0°498 27°30 0°732 20°43 22°76 H,X. 
5°02 12-99 2-12 7°62 32°07 0°366 31°58 2716 28°75 3°38 < 
2-562 15°91 1-24 8°96 33°13 0°330 36°09 1:25 33°87 2°44 
4°313 10°96 1-25 719 31°53 0°230 41°68 — — — 
3°186 20°02 1:77 11°63 24°84 14°69 4:160 16°73 3°120 7°69 
7°29 7°95 3°204 6°82 22°34 21°84 5°981 21°91 4:45 6°83 
0°532 22-87 0-317 14:55 26°53 12°07 3°353 «14°05 2-621 
1-481 22-88 1:130 16°38 21°77 18-00 5°753 19°11 4°58 
0°546 26°21 0°550 16°48 24°42 6°96 22°43 10°20 18°65 
10°36 2°483 F 155 16°36 5°144 15°62 745 13°73 
9°89 2°537 ‘ 2°33 7°41 2-850 25°51 5°92 21°91 
9°33 6°105 “56 5°53 8°32 19°44 21°41 19°83 16°68 
811 8°59 ‘ 6°48 17°24 11°63 12°30 8 14°03 9°78 
7°99 8°60 . 6°79 18°45 9°38 9°44 11°61 7°86 
6°40 11-10 , 9°88 3°81 1-808 23°27 6°58 17°92 
4°62 14°64 , 12-93 6°82 0°741 27°41 4°013 23°15 
3°82 18°17 , 16°32 8-01 0°597 34°97 3°75 =. 28°71 
2-415 20°78 } 16°02 7°91 0°368 40°52 — — 
1-680 22-89 , 18°40 6°71 0°477 32°08 4:11 27°10 
0°754 26°20 é 21°84 4°32 
Solid phases: H = Mg(OH),; X = 3MgO,MgCl,,11H,0. 
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TABLE IV. 
Analyses of saturated solutions for system CaO-MgCl,—H,O (Section 2). 
Sat. solution. Sat. solutions. Sat. solutions. 
———eo Solid u—__—o Solid —ooo eo Solid 
CaO, %. CaCl, %. phases. CaO, %. CaCl, %. phases. CaO, %. CaCl,, %. phases. 

0°141 14°85 H, L. 0-168 29°05 H, O. 0°083 36°82 H, P. 
0-150 18°06 mm, i, VU. 0°170 29°22 H, O. 0091 37°10 HM, P. 
0°145 20°08 H, O. 0°235 32°98 H, OP. 0-051 40°85 H, P. 
0°145 23°56 H, O. 0:098 36°44 H, P. 0°034 44°92 H, P, C. 


Solid phases: H = Mg(OH),; L = Ca(OH),; O = 3CaO,CaCl,,16H,O; 
P = CaO,CaCl,,2H,O; C = CaCl,,6H,O. 


and MgO can most conveniently be taken as the components. In this section several analyses 
of moist solids were made, but these were not quoted, since, as will be shown later, the results 
are valueless. 

The nature of the solid phases was determined by an extension of the method of graphical 
extrapolation used in 3-component systems. Any reciprocal salt pair AX-BY—H,O can be 
regarded as a system composed of the 3 components (AX + BX), (AY + BY), H,O. (Since 
the system is a 4-component system, concns. may be so expressed that the concn. of any one of 
the 4 salts is zero.) Any of the usual methods of determining the compositions of solid phases 
in 3-component systems, by plotting compositions of sat. solns. and moist solids and extrapolating, 
gives the composition of the solid phase in terms of the components chosen; 7.e., the relative 
amounts of (A + B), X, Y, and H,O in the solid phase can be determined. Similarly, the 
system can be regarded as composed of the 3 components (AX + AY), (BX + BY), H,O and the 
composition of the solid phase in terms of these components determined. Combination gives 
the complete formula. The method is perfectly general and can be applied in conjunction with 
any of the well-known methods of graphical extrapolation, provided concns. of the salts are 
expressed in g.-mols., and not in g. Janecke’s method (Z. anorg. Chem., 1906, 51, 132) was 
found most convenient for this system. For the CaCl,-rich portion of the system, the composi- 
tion of the sat. soln. and of the various solid phases that might be present all lay so near to a 
straight line that graphical methods were of little value. 

The nature of the solid phases was also determined by inspection with a microscope. 
Ca(OH), cannot be distinguished from Mg(OH),, nor CaCl,,6H,O from MgCl,,6H,O; with this 
exception all the solid phases can readily be distinguished. 

The system is represented graphically in the fig., in which percentages of CaCl, and MgCl, 
in the most significant sat. solns. are plotted on a triangular diagram. The fig. can be regarded 
as a projection of the usual pyramidal figure on the CaCl,-MgCl,—-H,O side of the pyramid. 
In the pyramidal diagram the series of surfaces, which represent the concns. of the solns. sat. 
with the various solid phases, are practically coincident with this face, since Ca(OH), and 
Mg(OH), are so slightly sol.; consequently this projection is preferable to the usual projection 
on the base of the pyramid. Areas representing the composition of solns. sat. with Mg(OH), 
and 3MgO,MgCl,,11H,O predominate in the figure, while areas representing the concns. of solns. 
sat. with the other solid phases are too small toappear. ‘Thus the area representing the solubility 
of CaCl,,6H,O in the 4-component system is a long six-sided figure, but this is indistinguishable 
on the small-scale diagram from the line representing its solubility in the 3-component system 
CaCl,—-MgCl,—-H,0O. 


Application to Magnesium Oxychloride Cements.—A representative “ unfilled ’’ cement 
can be obtained by mixing 100 g. of magnesium oxide with 131 g. of a 20°%% magnesium 
chloride solution; as was shown in the previous paper, such a cement consists of three 
phases, Mg(OH),, 3MgO,MgCl,,11H,O, and solution. The results recorded in this paper 
show that lime, if present in not too great amounts, reacts with an equivalent amount of 
magnesium chloride and goes into solution as calcium chloride, magnesium hydroxide 
being precipitated: no fresh solid phase appears until lime in excess of the quantity 
required to react with all the magnesium chloride has been added, whereupon basic calcium 
chlorides are formed. The small amounts of lime that may be present in commercial 
magnesia merely alter the relative amounts of the phases normally present and the con- 
centration of the solution phase. By using graphical methods in conjunction with the 
figure, the results given in Table V have been obtained; in col. 1 are the amounts of lime 
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TABLE V. 
Influence of lime on the constitution of magnesium oxychloride cement. 
Relative amounts of Concn. of soln. Relative amounts of Concn. of soln. 
phases. (g.-mols./1000 g. phases. (g.-mols./1000 g. 
4 . H,0). 7 —~ “ H,0). 

CaO, Mg(OH),, X,  Soln., ———, CaO, Mg(OH),, X, Soln., ee nc, 
ae %. %. MgCl. CaCl. %, %, %. %. MgCl CaCl,. 

0 42 47 11 1:28 —- 4 46 36 18 0°41 2°25 

1 43 44 13 1:06 0°66 5 47 34 19 0°28 2°61 

2 44 41 15 0°79 1°30 10 53 18 29 0°06 3°81 
3 44 40 16 0°59 1-79 15:2 60 0 40 0-06 4°37 


present as impurity in the magnesia, the cement being otherwise the same as the repre- 
sentative cement described above. The concentrations of calcium and magnesium chlorides 
in the solution are given in g.-mols. per 1000 g. of water. The table shows that addition 
of lime causes progressive decrease in the amount of 3MgO,MgCl,,11H,O (denoted by X), 
which appears to act as binding material to the cement; it also causes a steady increase 
in amount of the solution phase, 7.e., the cement becomes more porous, and an increase 
in the total concentration of salt in the solution phase, which will make the cement more 
hygroscopic. 

Two points must be emphasised. First, equilibrium conditions in a porous substance, 
like the cement, may be somewhat different from those in the experiments described above, 
since surface forces may not be negligible. Secondly, a study of equilibrium conditionsalone 
cannot give a complete explanation of the influence of lime on magnesium oxychloride 
cements. A cement made from magnesia containing 10° of lime sets in 24 hours to an 
apparently excellent cement, but on “ ageing,’’ instead of becoming stronger like a pure 
cement, it contracts, becomes weaker and moist, and may finally turn to a moist paste. 
In our opinion, the most probable explanation of the change is that it is a kind of syneresis 
or recrystallisation of the 3MgO,MgCl,,11H,O gel that binds the cement together. 
Calcium chloride exerts a very marked influence on the gels described in the previous paper ; 
the needle-like crystals which are the essential constituent of the gel are very much smaller, 
and the volume of gel containing a specified weight of oxychloride may be 10 times larger 
in the presence of calcium chloride. This suggests that in the presence of lime an unstable 
microcrystalline form of 3MgO,MgCl,,11H,O is formed when the cement sets; the slow 
recrystallisation of this causes the volume changes and the squeezing out of the solution 
phase, while the large crystals have poor binding properties, like the large crystals formed 
by the slow action of magnesium chloride solutions on magnesium hydroxide. 
Syneresis may be accompanied by chemical change due either to the slow establishment of 
equilibrium during the ageing period, or to the action of the atmosphere. 


We thank Mr. B. H. Wilsdon for suggesting this subject and for advice, Messrs. G. Grime 
and H. M. Llewellyn and other members of the Building Research Station for advice, and the 
Department of Scientific and Industrial Research for a grant. 
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179. Experiments on the Walden Inversion. Part XII.* The Dis- 
placement of Hydroxyl by Chlorine in the Optically Active Ethyl 
a-Naphthylglycollates. 

By Atex. McKENZIE and EvELyN R. L. Gow. 
From earlier work it had emerged that.the rotatory power undergoes a reversal of sign 
when phosphorus pentachloride acts on an optically active compound containing a 


hydroxy-group directly attached to an asymmetric carbon atom. But there is no such 
* Part XI, J. Biol. Chem., 1924, 62, 551, 
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uniformity when the chlorinating agent.is thionyl chloride, the sign being reversed with 
(—)malic acid, ethyl (—)malate, ethyl (+)lactate, ethyl (—)«-hydroxy-$-phenylpro- 
pionate, but not with (—)mandelic acid, methyl (—)mandelate, (—)atrolactinic acid, ethyl 
(+-)atrolactinate, (+-)8-hydroxy-$-phenylpropionic acid, and (-+-)phenylmethylcarbinol. 
In every one of the last six compounds it is noteworthy that a phenyl group is directly 
attached to an asymmetric carbon atom, a striking uniformity which is perhaps not un- 
connected with the electron-attracting nature of the hydrocarbon radical. Again, halogen- 
ation with phosphorus pentachloride is often accompanied with very pronounced dis- 
placement racemisation, whereas the tendency for this type of racemisation to occur is 
very much less pronounced with thionyl chloride. 

The contrast between phosphorus pentachloride and thionyl chloride in their behaviour 
towards ethyl (—)mandelate was detected by McKenzie and Barrow (J., 1911, 99, 1910) : 
by PCl, by SOCI, 

(+)Ph-CHCI-CO,Et < (—)Ph-CH(OH)-CO,Et ———~> (—)Ph-’CHCI-CO,Et, 
and a similar difference towards the optically active mandelic acids enabled the inter- 
conversion of these acids to be accomplished (McKenzie and Clough) in two different 
ways. 

According to Frankland and Garner (J., 1914, 105, 1101) a change of sign of rotation 
takes place when ethyl (+-)lactate is acted on by thionyl chloride, both in the presence 
and in the absence of pyridine : . 


(-+-)Me-CH(OH)-CO,Et —> (—)Me-CHCI-CO,Et 


Belonging to the same category is (—)§-octanol, which gives (+)8-chloro-octane with 
thionyl chloride both in the absence (Levene and Mikeska, J. Biol. Chem., 1924, 59, 45) 
and in the presence of pyridine (McKenzie and Tudhope, 7bid., 1924, 62, 551). 

More recently, the halogenation of methyl (-+-)mandelate by the agency of phosphorus 
oxychloride in the presence of pyridine was investigated by Wagner-Jauregg (Helv. Chim. 
Acta, 1929, 12, 61), who found that the reversal of sign was much more pronounced than 
that observed with phosphorus pentachloride, the prediction being made that the action 
of thionyl chloride in the presence of pyridine would lead to a chloro-ester of almost 
complete optical purity. Soon afterwards, Kenyon, Lipscomb, and Phillips (J., 1930, 
415) made the remarkable discovery that ethyl (-+-)phenylchloroacetate is obtained, but 
not its (—)isomeride, if ethyl (—)mandelate is first dissolved in a tertiary base (pyridine, 
quinoline, or isoquinoline), and then heated with thionyl chloride, thus : 

by SOCI, and 


(+-)Ph:CHCI-CO,Et <5 — 


by SOC}, 
(—)Ph:CH(OH)-CO,Et ———> (—)Ph-CHCI-CO,Et 


dine 
The chloro-ester of highest rotation observed by Kenyon, Lipscomb, and Phillips had 
546, + 122° (1 = 1), whilst the corresponding value for the chloro-ester obtained by 
McKenzie and Barrow, using thionyl chloride alone, was — 91-3° (calculated from the 
observed «p by the dispersion ratio determined by K., L., and P.). 

The contrast between ethyl (—)mandelate on the one hand and ethyl (+-)lactate and 
(—)f-octanol on the other shows the striking difference between the influence exerted by 
the aryl and alkyl groups respectively, a difference which also is apparent in another 
field, viz., that of catalytic racemisation by alcoholic alkali. 

By the halogenation of the optically pure (+-)phenylmethylcarbinol with [«],.9, + 43-4° 
or [a]s4g, -+ 51-7° by means of thionyl chloride alone, McKenzie and Clough (J., 1913, 
103, 687) obtained (+-)«-chloroethylbenzene with [«];.9, -+- 50-6° or [a]544, + 633°, an 
observation which enabled the interconversion of optically active alcohols to be realised 
for the first time. Kenyon, Phillips, and Taylor (J., 1931, 382) studied the action of 
thionyl chloride in the presence of pyridine on an alcohol with [«],4,, — 49-8°, and found 
a change of sign, but their products fell far short of optical purity. Thus, the behaviour 
of thionyl chloride in the presence of pyridine differs markedly from the corresponding 
action with ethyl (—)mandelate. 

From the constancy of the magnitude of the rotation observed by McKenzie and Clough 
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for their chloro-compound in different preparations (cf. Ott, Ber., 1928, 61, 2124) the 
conclusion was drawn that this product contained very little, if indeed any, of the dl-form. 
But there was pronounced racemisation when phosphorus trichloride acted on (+-)phenyl- 
methylcarbinol, the product having only [«];g9, — 8-1°. All the more important, there- 
fore, was the observation of Kenyon, Lipscomb, and Phillips that the action of phosphorus 
trichloride in the presence of pyridine occurred without any appreciable racemisation, 


thus : 
by PCI, and by SOCI, 


Ph Cl Ph H Ph H 
Me>CSH “tyrdine ~Me>°SOH —* Mer<c 
[a] 5461 +61°4°. [a] 546, —63°3°. 
(K., L., and P.) (McK. and C.) 
According to Kenyon and his colleagues, the interaction of thionyl chloride and hydroxyl 
compounds with a phenyl group directly attached to the asymmetric carbon atom is 
unaccompanied by configurational change. On this view a complete Walden inversion 
must have occurred in the interaction of phosphorus trichloride and the (—)alcohol in 
the presence of pyridine. 

The present authors (this vol., p. 32) have already contrasted the displacement of 
hydroxyl by chlorine in the isomeric (—)menthyl «-naphthylglycollates with that in the 
corresponding mandelates, and certain points of difference emerged. Incidentally, the 
action of thionyl chloride (alone and in the presence of pyridine) and also of phosphorus 
pentachloride on the optically active ethyl «-naphthylglycollates has been investigated, 
and the results are now described. 

Unexpected difficulties were encountered, as the preparation of the (+)ethyl ester 
by the use of mineral acid gave products of different rotatory powers. This was not due 
to the action of heat (cf. ‘‘ Experimental’’). It was recognised, however, that racemisation 
can be induced by mineral acids (cf., inter alia, Fitger, ‘‘ Racemisierungserscheinungen,”’ * 
Lund, 1924; McKenzie and Dennler, Ber., 1927, 60, 220; Roger and McKenzie, Ber., 
1929, 62, 272; Wagner-Jauregg, Monatsh., 1929, 58 and 54, 791), and, accordingly, the 
dextrorotatory ethyl ester was refluxed for several hours in the presence of a small 
amount of sulphuric acid; its rotatory power then fell. This behaviour is exceptional, 
and must be attributed to the presence of the «-naphthyl group. Accordingly, recourse 
was had to the method of ester formation through the silver salt, and the rotations of 
various samples of the ethyl ester were then concordant. This procedure was, however, 
adopted with some misgivings. In the light of Purdie’s results on the interaction of 
silver lactates, etc., and alkyl halides the possibility of the formation of small amounts 
of ethoxy-ester, C,gH,-CH(OEt)*CO,Et, was not excluded, but we were unable to detect 
the presence of any of this in our products. 

Table I gives a summary of the rotatory powers of the ethyl «a-naphthylchloroacetates 
and of their mixtures with unattacked ethyl (-+-)«-naphthylglycollate. The percentages 
of chloro-ester in the mixtures were calculated from the percentages of chlorine which 


they contained. 
TABLE I, 


The Specific Rotatory Powers (in Acetone) of Ethyl «-Naphthylchloroacetates obtained by the 
Halogenation of Ethyl (+-)a-Naphthylglycollate.* 


[a] sos Of [a] sees Of % Chloro-ester 
Halogenating agent. Pyridine. hydroxy-ester. chloro-ester. in the product. 
SOCI,, 6 mols. None +132°9° +60° 
SOCI,, 6 mols. None +129 +57 
SOCI,, 6 mols. 2 mols. +132°9 +1 
SOCIl,, 2 mols. 2 mols. +132°9 +79 
SOCI,, 6 mols. 3 mols, +129 +27 
SOCI,, 4 mols. 12 mols. +129 +32 
PCl;, 1°5 mols. None +129 — 6 
* Some of the experiments were performed with the (—)ester, but for uniformity the results of those 


are expressed in the table as if the (+) ester were used. 


On contrasting these results with those obtained from ethyl (—)mandelate, we find, first, 
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that phosphorus pentachloride causes reversal of the sign of rotation, but to a much less 
extent than with the mandelate. The action of thionyl chloride alone gives a chloro-ester 
of the same sign as the original hydroxy-ester, the behaviour being thus similar to that 
of the mandelate. In the presence of pyridine the behaviour of the «-naphthylglycollate 
and the mandelate is, however, different, the sign of rotation of the former not even 
being reversed, although nearly so when the chlorination is complete. A perusal of the 
results in Table I suggests that pyridine, so far from acting as an accelerating agent, 
actually retards the velocity of the halogenation, since with the excess of pyridine the 
product contains some unattacked hydroxy-ester; possibly the swing round of sign might 
actually have occurred if 1 mol. of pyridine only had been used. That pyridine may 
act as a retarding agent receives some support from our observation that it forms an 
additive compound with thionyl chloride, (C;H;N),,SOCl,. A similar complex with 
carbonyl chloride is known (Morel, Bull. Soc. chim., 1899, 21, 823). | 

Ethyl (-+-)a-naphthylchloroacetate undergoes partial racemisation when distilled 
under diminished pressure, as also does ethyl (—)a«-naphthylglycollate under the influence 
of alcoholic alkali. 

The formation of (+)amyl chloride from (—)amyl alcohol and thionyl chloride takes 
place through the intermediate formation of (+)amyl chlorosulphinate, which loses 
sulphur dioxide when heated at 120° under ordinary pressure (McKenzie and Clough, 


J., 1913, 108, 687) : 
(—)C;H,,,OH —> (+)C;H,,-O-SOCl —> (-+)C,H,,Cl 


Unfortunately, the analogous compounds could not be isolated by the action of thionyl 
chloride either on ethyl (—)mandelate or on ethyl (—)a«-naphthylglycollate, but it seems 
certain that they are actually formed as intermediate phases in each of those actions, 
and the interpretation advanced by Kenyon, Lipscomb, and Phillips (/oc. cit.) is based on 
this assumption in the case of the mandelate (cf. also Kenyon and Phillips, J., 1930, 1676; 
Trans. Faraday Soc., 1930, 26, 451; Kenyon, Phillips, and Taylor, J., 1931, 382; Kenyon, 
Lipscomb, and Phillips, J., 1931, 2275; Houssa and Phillips, J., 1932, 108). When the 
halogenation was conducted in the presence of pyridine, an unstable pyridinium chloride 
(I) was supposed to be formed. During the decomposition of this complex, the carbinyl 
group separates as a positive carbonium ion, and the entering chloro-group exists as a 
negative ion, a Walden inversion occurring when the chlorine has become attached (cf. 
Meer and Polanyi, Z. physikal. Chem., 1932, B, 19, 182). On the other hand, in the 
absence of pyridine the chlorosulphinate (II) loses sulphur dioxide, and the electron- 
Ph H m Ph H 
") E0,c> CM ttc, Et0,C° “o-socr @) 
ae 

attracting phenyl group enables the mandelyl radical to separate as an anion and subse- 
quently to combine with a chlorine kation. Under these conditions there is no Walden 
inversion. Kenyon and his colleagues thus reach the conclusion that ethyl (—)phenyl- 
chloroacetate has the same configuration as ethyl (—)mandelate, and that there is no 
configurational change in the action examined by McKenzie and Barrow. The identical 
conclusion had previously been arrived at by Clough (loc. cit.) from an entirely different 
standpoint. 

We prefer the following interpretation to that advanced above, and base it on the 


following considerations. 
(1) Addition precedes substitution, e.g., in the action of thionyl chloride alone on ethyl 


(—)mandelate or on ethyl (—)a-naphthylglycollate : 


a ee - 
Et0,C> SoH + SOCI, Et0,C7>“o-socl and HCl (R = Ph or CoH.) 
(A) (B) 
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and in the presence of pyridine, 


RH , RH 9 
Et0,C>So-socl 9 C5H;N Et0,C> <o—$—N-C,H, and Cl 
a 


(C) 


(or, in place of C, some other complex with pyridine). 

(2) An optically active structure containing a tervalent carbon atom can possess a transient 
existence without losing its optical activity. This hypothesis was suggested by Biilmann 
(Annalen, 1912, 388, 330), and at the time was criticised adversely by McKenzie and 
Clough (loc. cit.). In order to visualise a “ Zwitterion ”’ of the nature postulated by Biil- 
mann, the suggestion was made by McKenzie and Clough that the carbon atom is situated 
at the apex of a tetrahedron and the three other groups at the corners (cf. Ebel in Freuden- 
berg’s “‘ Stereochemie,’’ 1932, 661). There was no experimental evidence in 1912 that 
an optically active compound could be depicted in this manner. 

The idea that an optically active complex with a tervalent carbon atom is capable 
of a transient existence must now, however, be taken seriously in the light of the evidence 
which has gradually been accumulating in its favour. Thus, McKenzie, Drew, and 
Martin (J., 1915, 107, 26) found that (—)phenylchloroacetic acid could be converted into 
(+-)diphenylsuccinic acid by the action of phenylmagnesium bromide, 


ae , ’ __, 7, CaH;°CH-CO,H 
(—)CgHgCHClCO,H —> (+) § ste cn 
an example of the coupling action of the Grignard reagent (cf. Fuson and Ross, J. Amer. 
Chem. Soc., 1933, 55, 720 and previous papers). It is possible that the withdrawal of the ° 
halogen is associated with the intermediate formation of the optically active phenylcarb- 
oxymethyl. 

The first example of the retention of optical activity during the semipinacolinic deamin- 
ation of certain amino-alcohols was depicted on the lines : + 


Ph Me Phi Me Ph Me 
- pny (<H > prog {<n —> Phy ‘<i —> (+) Prcocuc th 


OH NH, OH N:N-OH Q (HI) 


This implies that an optically active carbonium ion can exist in the free state, and that 
an intramolecular Walden inversion can take place, since the (+)methyldeoxybenzoin 
may not have the same configuration as the (—)amino-alcohol from which it is derived. 
The C* atom in (III) has three dissimilar groups attached to it. In the same paper 
(McKenzie, Roger, and Wills, J., 1926, 779) it is suggested that the optically active methyl- 
ethylthetine ion (Pope and Peachey, J., 1900, 77, 1072) and the optically active ethyl 
p-toluenesulphinate (Phillips, J., 1925, 127, 2552) have each an electric charge which plays 
the part of a group. The retention of optical activity in semipinacolinic transformation 
has been observed not only with amino-alcohols but also with glycols (McKenzie and 
Dennler, Ber., 1927, 60, 220; Roger and McKenzie, Ber., 1929, 62, 272), thus : 


CH,Ph 


) PhCH, CH, PhCH H, 
—) PhCH a <i > PhCHy>Y <i e_» (—) PhrCH,-COCH<E i 
Cro 


OH OH 


In the same category as the latter reaction might also be included the conversion of tetra- 


+ Other interpretations have been submitted by Freudenberg (Sitzungsber. Heidelberger Akad. 
Wissenschaft., 1927, A, p. 1), and by Kenyon, Lipscomb, and Phillips (/oc. cit.). 
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methyl (++-)catechin into an optically active chloride (Freudenberg, Carrara, and Cohn, 
Annalen, 1925, 446, 87) by a sort of ~ transformation : 


OMe QMe | 

: = 1g Om 
Meo \/O\CH——<__0Me CH OMe | 
CL eon c CY one | 
MeO CH, | pu J 


/NCH-CI 
Be 
Hy 
Again, R. Kuhn and Albrecht (Ber., 1927, 60, 1297) showed that the rotation of (+-)2-nitro- 
butane, Et <nNo, , did not disappear when the hydrocarbon was converted into the 


sodium salt, the ion of aci-2-nitrobutane being represented as ED CHS ( (cf. Shriner 


and Young, J. Amer. Chem. Soc., 1930, 52, 3332; Shriner and Parker, ibid. 1933, 55, 
766). More speculative is the remark of Levene (Science, 1927, 66, 561) that optically 
active propylene oxide undergoes Walden inversion on hydrolysis with acids, when the 
free radical O—CH,—CH—CH, has an independent existence for a finite, even though 
infinitesimal, interval of time. 

Notable contributions on the experimental side are provided by other American 
workers. Thus, Jones and Wallis (J. Amer. Chem. Soc., 1926, 48, 169) describe the 
ready transformation of (-+-)benzylmethylacetazide into an optically active isocyanate, 


C,H, C,H, C,H, 
+) HC—Me —> H—C—Me + N, —> H—(—Me (optically active), 
CON; CON< N:C:0 


where it was considered that the optically active complex CHMe:’C,H, existed moment- 
arily as a positive radical, which is of the nature of a carbonium ion, and which main- 
tained a configuration required to preserve optical activity in migrating from carbon to 
nitrogen when it leaves behind the electron it shared = the gee cae. It is also 


suggested by the same authors that, in the change (He >C<O yg (+e >c< 


(McKenzie and Clough, Joc. cit.), the complex CHMePh exists as a free ie, carbonium. 


ion (cf. Wallis, J. Amer. Chem. Soc., 1929, 51, 2982; 1931, 53, 2253). 
(+-)«-Benzylpropionamide (Wallis and Nagel, J. Amer. Chem. Soc., 1931, 53, 2787) also 
undergoes the Hofmann rearrangement, and the resulting amine hydrochloride is optically 


active : * 
C,H, C,H 
(+)H—C—Me —> (+)H—C—Me 
CO-NH, NH,,HCl 


Finally, in the recent work of one of us with Drs. Mitchell and Ritchie (Biochem Z., 
1929, 208, 456 and subsequent papers) on the connexion between asymmetric synthesis 
and asymmetric induction it is suggested with reserve that the a-carbonyl group in 
(—)menthyl benzoylformate, e.g., may assume a dissymmetrical environment, although 
in such cases there is no possibility of the actual separation of a carbonium ion. 


(3) The stereochemical environment of the group Eto oe - ts different in (A), (B), 
2 
and (C). In the course of his interpretation of the Walden inversion, Gadamer (J. pr. 


* After the present paper was submitted for publication, Wallis and Dripps (J. Amer. Chem. Soc., 
1933, 55, 1701) showed that the Lossen rearrangement of an optically active hydroxamic acid yields 
an optically active rearrangement product. 











AS ca i i ee ee 


- —-— 74 Sr 
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Chem., 1913, 87, 344) discusses the displacement of chlorine by hydroxyl by means of 
silver oxide. The chlorine is not at once liberated by the influence of the kation, but 
is first drawn away from the asymmetric carbon atom, the position of the three remaining 
groups relatively to this atom being altered. On this idea, as well as on that of Werner, 
is based Meisenheimer’s interpretation of the Walden inversion (Amnalen, 1927, 456, 
126; cf. Freudenberg and Lux, Ber., 1928, 61, 1085) where the distortion of the tetra- 
hedral environment is altered when a group is displaced. 

(4) When the —O-SOCI group is substituted for the hydroxyl group in (A), the forces of 
attraction or repulsion of the three remaining groups attached to the asymmetric carbon 
atom are altered, and distortion takes place as postulated by Meisenheimer (cf. W. Kuhn 
and Freudenberg, “‘ Drehung der Polarisationsebene des Lichtes,” 1932, p. 9). The 
distance from the asymmetric carbon atom of the —O*SOCI group in (B) is different from 
that of the hydroxyl in (A). It may be nearer or it may be further away, and on the 
latter assumption we have this “ distance factor ’’ displayed in the structures, 


R JX 
(A) Et0,C-C—-OH —> rosea (B) 

" CO,Et 
It must be emphasised, however, that (1) in (A) the groups are not arranged as if they 
were attached at the corners of a regular tetrahedron, and (2) the structure of (B) is not 
pyramidal, the tetrahedral environment being retained in the formation of the chloride. The 
chlorine takes the place of the hydroxyl, the configuration of the original ester is main- 
tained, and there is no Walden inversion. 

In the case of the ethyl (—)mandelate this interpretation would account for the main 
trend of the reaction which gives the (—)chloro-ester. But McKenzie and Barrow did - 
not obtain an optically pure product, the amount of antimeride present being, however, 
small. There are valid grounds for drawing the conclusion that the presence of a small 
amount of {+)chloro-ester in the product is to be attributed to the racemising effect 
on the (—)mandelate of the hydrogen chloride present during the action with thionyl 
chloride, and especially so since mineral acids cause partial racemisation of ethyl (+-)«- 
naphthylglycollate, and Ott (Annalen, 1931, 488, 186) has shown that profound racemis- 
ation takes place when (+-)phenylmethylcarbinol is acted on by hydrogen chloride. In 
this connexion it is significant that a perusal of the recorded optical data for ethyl 
(—)mandelate prepared by the Fischer-Speier method shows that figures are quoted 
which are by no means uniform. It is conceivable, therefore, that ethyl (—)mandelate 
may undergo slight racemisation under the influence of hydrogen chloride, and we propose 
to examine this experimentally later. Meanwhile, attention may be directed to the 
fact that some optically active esters are known to undergo partial racemisation under 
the influence of halogen ions, and the mechanism of such actions has been discussed by 
Holmberg (J. pr. Chem., 1913, 88, 553) and by Wagner-Jauregg (Monatsh., loc. cit.).* 

With regard to the action of thionyl chloride both on (+-)phenylmethylcarbinol and 
on ethyl (+)«-naphthylglycollate we have no experimental evidence that any racemis- 
ation had taken place. 

(5) The distortion of the tetrahedral environment is different in (B) and (C) and the 
groups R, CO,Et, and H in (C) have now taken up a configuration antimeric to that in 
(A) and (B). Owing to the greater pull exerted by the pyridine complex as compared 
with that of the —O*SOCI, the molecule is turned inside out, a mechanism which does 
not appear to us as incongruous. Such a transformation can readily be pictured without 
the groups R, CO,Et, and H having become coplanar at any stage of the transition. 





R R. 
EtO,C—C—-OH —~> Et0,CXL O'S*NC;H; (C) 
H H ” Cl 


* Meisenheimer’s suggestion on the mechanism of halogenation by thionyl chloride implies that the 
free hydrogen chloride adds on to the sulphinate (Annalen, 1930, 479, 238). 
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In (C) the linking between the asymmetric carbon atom and oxygen is then severed, 
and the tervalent complex is then antimeric to that obtained from (B). A complete 
Walden inversion may have occurred when ethyl (—)mandelate was acted on by thionyl 
chloride and pyridine. As already mentioned, however, the behaviour of ethyl (+)ca- 
naphthylglycollate is very different, because on complete chlorination approximately 
equal amounts of the (+) and (—)chloro-esters are formed, and we interpret this result 
as follows. Two separate reactions are involved, the pyridinium complex not being 
the sole product present before the sulphur dioxide is eliminated, but the sulphinate is 
also present. On elimination of sulphur dioxide, a mixture of (+) and (—)chloro-com- 
pounds is therefore formed. The proportion of (+) and (—)chloro-esters formed from 
ethyl (+-)«-naphthylglycollate by thionyl chloride in the presence of pyridine clearly 
depends on the velocity of the reaction, which will be modified by changes in concen- 
tration and temperature (cf. Ott, loc. cit.). 

The above hypothesis differs from those of Meisenheimer (loc. cit.) and of Holmberg 
(Ber., 1926, 59, 125; Svensk Kem. Tidskr., 1927, 39, 1), which are also based on “ distance ”’ 
effects. It also differs from that of Rérdam (J., 1928, 2447; 1929, 1282; 1930, 2017; 
1932, 2931), who assumes that, after one group has been split off from the optically 
active molecule, the remaining complex oscillates between the two possible extremes 
corresponding with the d- and /-configurations, each of which will produce only one of the 
two possible antimerides by the addition of a new radical. 


EXPERIMENTAL. 


Racemisation Phenomena during the Esterification of (+-)a-Naphthylglycollic Acid by the 
Fischer-Speier Method.—The first observation in this connexion was made when we esterified 
(+)a-naphthylglycollic acid (McKenzie and Dennler, Ber., 1927, 60, 220; McKenzie and 
Gow, this vol., p. 32) with MeOH in the presence of conc. H,SO,. The resulting methyl ester 
boiled sharply at 215°/24 mm., and gave [a]}§, + 106-2° (c = 1-088) in acetone, a value which 
is considerably lower than that of McK. and D., who also used H,SO, as the cat&lyst, and 
record [a]}®, + 146° (c = 1-5816) in acetone. 

Discrepant values for the rotation in acetone were also noted when the ethyl ester (b. p. 
203—204°/18 mm.) of the (+)acid was prepared on two occasions in the presence of conc. 
H,SO,; the first specimen gave [a]?% + 114-3° (c = 3-1355), and the second [«]23 + 57-3° 
(c = 2-5224). Since the latter ester did not change in rotation after distillation under diminished 
press., the low value-could not be attributed to racemisation by heat. 1-2 G. of this ester 
were accordingly dissolved in EtOH (6 c.c.) and conc. H,SO, (0-4 g.), and refluxed for 4 hr., 
the recovered ester having only [a]s, -+ 28-2° (c = 1:0788) in acetone. Apparently the 
mineral acid caused the partial racemisation. . 

When the ethyl ester was prepared by the hydrogen chloride method, it had a slightly 
higher rotation than that observed on any occasion when H,SO, was used, the values for two 
separate preparations being [a]3%, + 120-4° (c = 1-1965) and + 122-2° (c = 1-289) in acetone. 
The ester (1-5 g.) with [a] 5.9, -+- 120-4° was refluxed with a mixture of EtOH (8 c.c.) and conc. 
H,SO, (0-8 g.), and the recovered ester was found to have only [a], + 99° (c = 1-077). 

Preparation of the Ethyl Esters by the Silver Salt Method.—Ethyl (+-)a-naphthylglycoliate, 
prepared by the interaction of silver (+-)«-naphthylglycollate (15 g.) and EtI (45 g.), is an oil, 
b. p. 203°/18 mm. Yield, 8 g. (Found: C, 73-3; H, 6-3. C,,H,,0O, requires C, 73-1; H, 
61%). In acetone (/ = 2, c = 3-0425, ¢ = 20°) : 


DR  sbcrcrvsteccerisceees 6708 6563 6162 5893 5461 5106 4861 
BD  dssseeseesseseiessine + 593° + 632° + 725° + 809° + 963° + 11°47° + 12-96° 
[a] ccccccccsccosccecees +97°5° +103°9° +119°1° +132°9° +158°3° +188°5° +213°0° 


Two other prepns. gave yields of 75% of the theoretical, and the rotations were [«], + 132-7° 
(c = 2-57) and [a]i%, + 132-2° (c = 1-286) in acetone. The enantiomorphous ethyl (—)c«- 
naphthylglycollate, also prepared by the silver salt method, had [a]5g9, — 129° (c = 1-05) in 
acetone, and was thus approximately optically pure. 

Action of Thionyl Chloride on the Optically Active Ethyl Esters —12 G. of SOCI, (6 mols.) 
were added to a solution of 3-9 g. of ethyl (+)«-naphthylglycollate (1 mol.) in 3 c.c. of Et,O, 
and the mixture heated on the steam-bath for } hr. The excess of SOC], was removed under 
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diminished press. at room temp., the Et,O solution of the product washed with H,O and 
dried, and the oil obtained from it kept in vac. until const. in wt. 

Ethyl (+-)a-naphthylchloroacetate is a mobile oil (Found: Cl, 14:3. C,,H,,0,Cl requires 
Cl, 143%). In acetone: / = 2, c = 1-959, a202 + 2-35°, [a]? + 60-0°. It has b. p. 180— 
182°/7 mm., and, when distilled twice at 7 mm., it underwent partial racemisation (Found : 
Cl, 14:2%); in acetone, / = 2, ¢c = 1-7095, «25 + 0-56°, [«]235° + 16-4°. The rotation dropped 
further after a third distillation, when the product (b. p. 170—172°/3 mm.) gave in acetone : 
1 = 2, ¢ = 2-232, aS + 0-19°, [a] + 4:3°. 

A similar behaviour was exhibited with the chloro-ester obtained by keeping a solution of 
ethyl (—)a-naphthylglycollate (with [«];.4, — 129° in acetone) in SOCI, at room temp. for 
10 days, and then refluxing it for 5 min. The resulting chloro-ester (Found: Cl, 14-2%) gave 
[x ]205" in acetone — 57-3° (c = 1-9465). 

Action of Thionyl Chloride on the Optically Active Ethyl Esters in the Presence of Pyridine.— 
Expt. 1. 12 G. of SOCI, (6 mols.) were added gradually to a solution of 3-9 g. of ethyl 
(+)a-naphthylglycollate (1 mol.) in a mixture of 2-7 g. of pyridine (2 mols.) and Et,O (25 c.c.). 
A white solid separated immediately, but it was converted into an orange-coloured oil when the 
mixture was heated for 1 hr., the solution becoming dark red. H,O was added, and the Et,O 
extract washed with dil. HCl, then with H,O, and dried. The resulting oil was kept in vac. 
until const. in wt. (Found: Cl, 14-3. Calc., 14-3%). Its solution in acetone was practically 
inactive: / = 2, c = 1-6495, al, + 0-04°. 

Expt. 2. 4-2 G. of ethyl (+)a-naphthylglycollate (1 mol.), 2-9 g. of pyridine (2 mols.), 
4-3 g. of SOC], (2 mols.), Et,O (20 c.c.). Heating, 30 min. The Et,O solution was decanted 
from the orange-coloured oil, and gave an oil with [a]? + 79-2° (c = 1-761). The oil under- 
went partial racemisation when distilled at 185—190°/18 mm., giving only [a]%%, + 29-0° 
(c = 1-674) in acetone, and containing only 41% of the chloro-ester. 

When the orange-coloured oil was mixed with Et,O and cooled to — 15°, it solidified in 
cryst. plates [Found: Cl, 26-0. (C;H,;N),,SOCIl, requires Cl, 25-6%]. This compound also ~ 
separated from a solution of 11-4 g. of pyridine and 9-4 g. of SOCI, to which an excess of Et,O 
had been added. When an attempt to chlorinate ethyl (+)«-naphthylglycollate by means of 
this complex was made in CHC], solution, the ester was recovered unchanged. 

Expt. 3. 3-5 G. of ethyl (—)«-naphthylglycollate (1 mol.), 2-4 g. of pyridine (2 mols.), 
10 g. of SOC], (6 mols.), Et,O (20 c.c.). A white solid was deposited. The mixture was kept 
at room temp. for 10 min., then at 30° for 15 min., and boiled for 5 min. After 24 hr., 1-2 g. 
more of pyridine were added. Two days later, the mixture was heated for 15 min., and H,O 
added. The product gave in acetone [a]? — 27-2° (c = 2-3165), and after distillation in 
vac. [a]5s93 — 9°9° (c = 1-7655). The latter oil both before and after distillation contained 
92% of the chloro-ester. 

Expt. 4. 2-2 G. of ethyl (—)a-naphthylglycollate (1 mol.), 9-2 g. of pyridine (12 mols.), 
4-6 g. of SOCI, (4 mols.), Et,O (25 c.c.). As before, a white solid separated. Room temp. 
24 hr.; on steam-bath for 15 min. The ethereal solution decanted from the oil gave, after 
washing with dil. HCl, an ester mixture (not distilled) with [«]2%. — 32-2° (c = 1-9715) in 
acetone. This contained 69% of chloro-ester. 

The ethyl (+)hydroxy-ester (1-7 g.) was refluxed with pyridine (7 g.) for 4 hr., and was 
recovered with no fall in its rotatory power. 

Action of Phosphorus Pentachloride on Ethyl (—)a-Naphthylglycollate.—5-2 G. of PCl, (1-5 
mols.) were added gradually to a solution of 3-9 g. of the ester (1 mol.) in 15 c.c. of CHCl. 
After heating on the water-bath for 2 hr., the solution was washed with H,O and dried, the 
resulting oil being kept in vac. until const. in wt. (Found: Cl, 133%). In acetone: / = 2, 
c = 2-4965, a> + 0-31°, [x]203 + 62°. After distillation in vac., the oil (Found: Cl, 13-5. 
Calc., 14-3%) gave in acetone: / = 2, c = 2-6375, a2), + 0-21°, [a]?%, + 4:0°. 

Racemisation of Ethyl (+-)a-Naphthylglycollate—The ester used had [a«]5g93 + 114:3° (¢ = 
3°1358) in acetone. 6 Drops of alc. KOH (0-89N) were added to an alc. solution of the ester 
with / = 2, c = 4:21, a%, + 14-35°, (x), + 170-4°. The dextrorotation gradually fell so 
long as the solution was alkaline. 

co a 20 min. 40 min. 1 hr. 4 hr. 5 hr. 
CERI: ttasanncenis +14:19° +14:11° +14:07° +13-91° +-13-83° (solution neutral) 


After 24 hr. the addition of 6 drops of alc. KOH caused a further fall to + 13-39° during 5 hr. 
and the solution had then again become neutral. The further addition of a few drops of alc. 
KOH caused the rotation to fall still further. The catalytic racemisation of ethyl (—)man- 
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delate with / = 2, c = 3-68, «%;, — 9-54° in EtOH was examined under comparable conditions. 
Apparently this ester undergoes saponification more quickly than does the «-naphthyl homo- 
logue, since the solution was neutral after 25 min., the rotation failing to — 9-43° after 10 min. 
and remaining const. On the addition of 6 drops more alc. KOH, the solution was neutral 
after 45 min., the rotation then being — 9-22°. 

As was anticipated, the complete saponification of ethyl (+)a-naphthylglycollate (0-5 g.) 
with excess of alc. KOH (4 c.c. of 0-89N; calc., 2-4 c.c.) gave a partially racemised «-naphthyl- 
glycollic acid with [«]2%. + 158° (c = 0-766), whereas the optically pure acid has [«]?%, + 187°. 
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180. Usnic Acid. Part II. Usneol. 
By Frank H. Curp and ALEXANDER ROBERTSON. 


By somewhat different routes Paterno (Gazzetta, 1876, 6, 127) and Schépf and Heuck 
(Annalen, 1927, 459, 233) have shown that the removal of the elements of two molecules of 
acetoacetic acid from usnic acid on hydrolysis and thermal decomposition leaves a phenolic 
residue usneol, C,,H,,03. The latter authors observed that, though this phenol readily 
formed diacetyl and dibenzoyl derivatives, it did not react with diazomethane to give a 
dimethyl ether. Further, by degrading usneol with ozone, Schépf and Heuck isolated a 
compound, considered to be a mono-acetate of C-methylphloracetophenone, which on 
hydrolysis with sodium hydroxide yielded C-methylphloroglucinol, and hence they con- 
cluded that usneol was a coumarone (I) or (II) derived from methylphloroglucinol; the 
experimental results appeared to exclude a structure of the type (III) or (IV). 


Me 
HO, / On Me H Me /On K+ “ 
L_ Ime Med J _IMe Et 
OH OH 
(I.) (II.) (III.) (IV.) 


As usneol may be regarded as forming the kernel of the usnic acid molecule, the establish- 
ment of its constitution is of great importance. Because of difficulties which might arise 
in the synthesis of hydroxycoumarones of the types (I), (II), (III), and (IV) we in the first 
instance confined our attention to the methyl ethers of these compounds. The achievement 
of our immediate object, viz., the constitution of usneol, was rendered feasible when we 
succeeded in preparing its O-dimethyl and O-diethyl ethers by the alkyl iodide—potassium 
carbonate method. 

For the synthesis of hydroxy-2 : 3-dimethylcoumarones and their ethers, ring closure of 
ketones of the type (V) or (VI) appeared to be the most promising method. For practical 
reasons the second alternative was finally adopted. 


R MeO-C,H,O-CMe-CO,Et 


R R 
MeO’ NOH MeO \’O\CHMe Me /OMe COMe 
HMe-COMe COMe Me (VIII.) 
K Ky 


, 4 MeO-C,H,-O-CHMe-CO,Et 
(V.) (VIL) (VIL.) (IX.) 


In attempts to obtain the ester (VIII) (for the preparation of VI; R =H, R, = H) by 
the interaction of the sodium salt cf resorcinol monomethyl ether and ethyl «-chloro-«- 
methylacetoacetate in absolute alcohol, the acetyl group was lost and the phenoxy-ester 
(IX) formed. Replacing the chloro-ester by 3-chlorobutan-2-one, we isolated (VI; R = H, 
R, = H) in good yield, and on cyclisation with cold concentrated sulphuric acid this sub- 
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stance gave rise to the cowmarone (VII; R=H, R, =H). In a similar manner the 
coumarone (VII; R = H, R, = OMe) was prepared from phloroglucinol dimethyl ether by 
way of the ketone (VI; R=H, R, = OMe). The phenoxy-ketones (VI; R =H, R, = H) 
and (VI; R = H, R, = OMe) were subsequently prepared more conveniently by the con- 
densation of 3-chlorobutan-2-one and the respective phenols with anhydrous potassium 
carbonate in boiling acetone : the phenoxy-ketone (VI; R = Me, R, = OMe), thus obtained 
from methylphloroglucinol «-dimethyl ether, on ring closure gave 4 : 6-dimethoxy-2 : 3 : 7- 
trimethylcoumarone (VII; R= Me, R, = OMe) as a crystalline solid which was not 
identical with usneol dimethyl ether. 

As it now seemed certain that usneol dimethyl ether had the alternative structure 
(XIII, R = Me), this substance was synthesised by the following indirect method, since 
the simple procedure used for (VII; R = Me, R, = OMe) was inapplicable owing to our 
failure to prepare methylphloroglucinol 6-dimethy]l ether : 


Me CO,Me CO,Me 
MeO’ NOH H O—CHMe HO” \’?\Me RO” \/Me 
CO,Me M OMe Ml )—IMe § Me )IMe 
OH OMe OMe OMe 
(X,) (XI) (XII) (XIII.) 
M 
Me , ¥ 
Me 
CO,Me wie Me 
H OH COMe | llco,Me MeO’ \/O\Me 
M com iy M& }—IMe 
OMe 7 OMe 
(XIV.) (XV.) (XVI) 


The condensation of the ester (X) and 3-chlorobutan-2-one by the potassium carbonate 
method was unexpectedly accompanied by simultaneous coumarone cyclisation, yielding 
methyl 6-hydroxy-4-methoxy-2 : 3 : 5-trimethylcoumarone-1-carboxylate (XII), which, after 
hydrolysis and decarboxylation of the resulting acid, gave rise to the Aydroxycoumarone 
(XIII, R =H). Methylation of (XIII, R = H) furnished usneol dimethyl ether, identified 
by comparison of the natural and the synthetic picrate. 

That the coumarone obtained from the ester (X) has the formula (XII) and not an 
alternative hemi-quinonoid structure (XV) is established by the ultimate success of the 
synthesis of the dimethyl ether (XIII, R = Me), since a compound having formula (XV) 
would be expected on hydrolysis and decarboxylation to give a hemi-quinone and not a 
hydroxy-coumarone. 

Regarding the formation of (XII) it is difficult to say whether the first stage is the 
production of the phenoxy-ketone (XI) or the phenylacetone (XIV), but in support of the 
former alternative is the fact that, under the conditions employed, compounds of the type 
(X) yield only ethers and do not undergo further nuclear alkylation (Part I; this vol., 
p. 437). In this instance, however, both routes lead to the formation of a 2 : 3-dimethyl- 
coumarone. 

Although the foregoing synthesis made it reasonably certain that usneol dimethyl ether 
has formula (XIII, R = Me), and hence usneol itself formula (II), the theoretical analytical 
values for C, H, and OMe of the ether (XIII, R = Me) are sufficiently close to those of the 
C-methyl derivative (XVI) to render it impossible experimentally to distinguish with 
certainty between the two compounds without making a direct comparison. While it was 
not considered likely that usneol or its synthetic monomethyl ether would undergo nuclear 
methylation by the potassium carbonate method (cf. Part I), nevertheless it was not 
inconceivable that both compounds might have given rise to the C-methyl derivative (XVI), 
in which case the foregoing orientation of usneol would be completely invalidated. On this 
account the synthesis of the diethyl ether was undertaken. 
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Treatment of methyl 2 : 4 : 6-trinydroxy-3-methylbenzoate with a molecular proportion 
of ethereal diazoethane gave the monoethyl ether (XVII), which on methylation by the 
potassium carbonate method furnished the mixed ether (XVIII, R= Me). Ethylation of the 
aldehyde (XX) yielded the ethyl ether; and this substance must have formula (XIX), since 
on condensation with acetylanisole by Robinson’s procedure it gave rise to the favylium 
ferrichloride (XX1). On oxidation the acetate of (XIX) gave, after the hydrolysis of the 
product, the acid (XVIII, R = H), identical with the acid obtained by the hydrolysis of 
(XVIII, R = Me), thus clearly establishing the orientation of the latter compound and 
hence that of (XVII). 


Me Me Me Me 
EtO’ \OH EtO’ NOH Et0/ \OH HO’ \OH 
C2bine — C Pike a iam CHO *— @:: 
OH OMe OMe OMe 
(XVITI.) (XVIIL.) (XIX.) (XX.) 
FeCl, 
Me O CO,Me 
EtO C,H,-OMe HO’ \’OMe HO’ \’O\Me 
M Me Me Me 
OMe OEt OEt 
(XXL) (XXII) (XXIIL.) 


For the reason already advanced in the case of methyl 6-hydroxy-4-methoxy-2 : 3 : 5- 
trimethylcoumarone-7-carboxylate, the product obtained by the condensation of the ester 
(XVII) and 3-chlorobutan-2-one must be the coumaronecarboxylic ester (XXII). Decarb- 
oxylation of the acid derived from (XXII) gave the hydroxy-coumarone (XXIII), which on 
ethylation furnished an ether identical in every respect with natural O-diethylusneol. 

As a result of the formula (II) now established for usneol, the ketone obtained by the 
hydrolysis of usneol ozonide must be 2 : 4-dihydroxy-6-acetoxy- and not 4 : 6-dihydroxy- 
2-acetoxy-3-methylacetophenone as suggested by Schépf and Heuck (loc. Cit.). 


EXPERIMENTAL. 


O-Dimethyl- and O-Diethyl-usneol.—To a boiling solution of usneol (Schépf and Heuck, Joc. 
cit.) (1 g.) in acetone (20 c.c.) and Mel (5 c.c.), K,CO, (5-0 g.) was added in 5 portions during 
6 hr., and the mixture then refluxed for a further 12 hr. After the removal of the potassium 
salts by filtration (wash with hot acetone) the solvent was distilled and a solution of the product 
in Et,O was washed with 5% aq. NaOH and then with H,O, dried, and evaporated. Distillation 
of the residue in a vac. gave the dimethyl ether as a colourless viscous oil, b. p. 168—172°/5 mm., 
which solidified in a freezing mixture to a mass of needles, remelting below 10° [Found : OMe, 
25:4. C,,H,O(OMe), requires OMe, 28-2%]. Treatment of the compound with warm alc. picric 
acid gave the picraie, which separated from warm EtOH in elongated, dark red, rectangular 
prisms, m. p. 87—88° (Found: N, 9-5. CygH,s0,9N 3 requires N, 9-4%). 

The diethyl ether was prepared from usneol (1 g.) with K,CO, (3 g.), EtI (4 c.c.), and acetone 
(15 c.c.) in the same manner and on distillation in a vac. was obtained as a colourless solid, b. p. 
164—175°/20 mm. _ Recryst. from dil. EtOH, it formed rhombic plates, m. p. 82—83°, readily 
sol. in the usual org. solvents [Found: C, 72:2; H, 7-9; OEt, 36-3. C,,H,,O(OEt), requires 
C, 72-6; H, 8-1; OEt, 36-3%]. The picrate crystallised from EtOH, containing a little picric 
acid, in red needles, m. p. 82—83° (Found: N, 9-2. C,,H,30,)9N, requires N, 88%). Crystn. 
from EtOH in the absence of picric acid caused partial decomp. into the diethyl ether. 

Both ethers dissolve in conc. H,SO,, forming yellow solutions which on warming become red 
and then purple; addition of H,O to the cooled mixture throws down a flocculent purple ppt. 

Ethyl a-3-Methoxyphenoxypropionate (IX).—A mixture of resorcinol monomethyl ether 
(10 g.), ethyl «-chloro-«-methylacetoacetate (Roubleff, Annalen, 1890, 259, 254) (11-5 g.), NaOEt 
(from 1-85 g. of Na), and anhyd. EtOH (40 c.c.) was refluxed for 5 hr. The greater part of the 
EtOH was evaporated, excess of H,O added, the mixture extracted several times with Et,O, 
and the combined residual oil distilled in a vac., a main fraction being collected, b. p. 160— 
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170°/21 mm., which consisted of almost pure ester. Redistilled, it had b. p. 164—167°/21 mm. 
(Found : C, 64-2; H, 7-4. C,,H,,O, requires C, 64-3; H, 7-1%). 

3-Chlorvobutan-2-one.—For the prepn. of this ketone free from isomerides the following 
method was found to be superior to those described by Roubleff (oc. cit.), Korschun (Ber., 1905, 
38, 1128), and Kling (Compt. vend., 1905, 140, 313): Ethyl «-chloro-«-methylacetoacetate 
(40 g.) was hydrolysed with boiling EtOH (100 c.c.) containing conc. H,SO, (20 c.c.) and H,O 
(10 c.c.) during 4 hr., and, after the addition of excess H,O, the mixture was extracted several 
times with Et,0. The combined ethereal extracts were mixed with H,O (100 c.c.), the Et,O 
distilled with the aid of a fractionating column, the ketone and unchanged ester separated from 
the residual aq. mixture and dissolved in Et,O, and the ethereal solution dried with anhyd. 
Na,SO,. After the removal of the solvent (fractionating column) the chloro-ketone was isolated 
from the residue by fractional distillation, b. p. 114—115°/749-3mm. On mixing an aq. solution 
of equimolecular parts of NH,-CO-NH:NH,,HCl and AcONa with an alc. solution of the ketone 
the semicarbazone separated almost instantly and was immediately collected, washed with H,O, 
and dried. Cryst. from AcOEt, it formed flat needles, which became red at 130° and melted 
at 138—139° (decomp.) (Found: Cl, 21-7. C;H,sON,Cl requires Cl, 21-7%). The crude 
product rapidly decomposes if kept in the reaction mixture for more than a few min. The pure 
substance gradually decomposes. 

Methyl a-3-Methoxyphenoxyethyl Ketone (VI; R =H, R, = H).—(A) Amixtureof the anhyd. 
sodium salt of resorcinol monomethyl ether (prepared by the interaction of 4 g. of the phenol 
and 0-6 g. of Na in 40 c.c. of dry Et,0 and subsequent removal of the solvent) and 3-chloro- 
butan-2-one (3 g.) was kept for 10 min. and then heated on the steam-bath for } hr. After the 
addition of H,O the mixture was basified with aq. NaOH. The phenoxry-ketone, distilled in 
steam, isolated by means of Et,O, and distilled in vac., was a colourless, unpleasant-smelling 
liquid (1-8 g.), b. p. 157—158°/24 mm. [Found : C, 68-0; H, 7-5; OMe, 15-3. C,gH,,0,(OMe) 
requires C, 68-1; H, 7-2; OMe, 15-9%]. 

(B) The phenol (5 g.) and the chloro-ketone (6 g.) were allowed to react in boiling acetone 
(20 c.c.) in the presence of K,CO, (10 g.) during 2 hr. Addition of an excess of dil. aq. NaOH 
then pptd. the phenoxy-ketone (5 g.), which was isolated with Et,O and distilled in vac.; b. p. 
153°/19 mm. The semicarbazone separated from warm MeOH in stellate clusters of needles, 
m. p. 126—127° (Found: C, 57-3; H, 7:2. C,.H,,0O,N, requires C, 57-4; H, 6-8%). 

6-Methoxy-2 : 3-dimethylcoumarone (VII; R=H, R,=H).—The foregoing phenoxy- 
ketone (4 g.) was gradually added to conc. H,SO, (10 c.c.) kept at 0° (agitate). 10 Min. later, 
the deep red mixture was diluted with ice-water, the H,SO, neutralised with aq. NaOH, and the 
product distilled in steam, isolated by means of Et,O, and distilled in vac. (twice), the coumarone 
being obtained as a colourless oil (2 g.), b. p. 145°/21 mm. (Found: C, 74-9; H, 7-2. C,,H,,0, 
requires C, 75-0; H, 68%). Thered solution in conc. H,SO, becomes colourless on dilution with 
H,O. Addition of H,O to a solution of the compound in warm alc. picric acid pptd. the picrate, 
which crystallised from warm EtOH, containing a little picric acid, in red needles, m. p. 76—77° 
(Found: N, 10-7. C,,H,;O,N, requires N, 10-4%). 

Methyl a-3 : 5-Dimethoxyphenoxyethyl Ketone.—After the vigorous reaction between the 
anhyd. sodium salt of phloroglucinol dimethyl ether (from 5 g. of the ether and 0-74 g. of Na) 
and 3-chlorobutan-2-one (4 g.) had subsided, the mixture was heated on the steam-bath for 
} hr. and then kept at room temp. for 1 hr. Addition of an excess of dil. aq. NaOH pptd. an 
oil, which was isolated with Et,O and on distillation gave a main fraction, b. p. 165—180°/13 
mm., consisting of almost pure phenoxy-ketone. The redistilled compound was a colourless oil 
(2-7 g.), b. p. 167°/13 mm. [Found : C, 63-9; H, 7-4; OMe, 28-4. C, 9H, 90,(OMe), requires C, 
64-3; H, 7-1; OMe, 27-7%]. The semicarbazone separated from warm EtOH in rhombic plates, 
m. p. 167—168°, sparingly sol. in hot MeOH or EtOH (Found: C, 55-6; H, 7-1. C43H,,O,N; 
requires C, 55-5; H, 6-8%). 

4 : 6-Dimethoxy-2 : 3-dimethylcoumarone.—The preceding phenoxy-ketone (2 g.) was care- 
fully added with stirring to conc. H,SO, (5 c.c.) at 0°. After 4 min. the dark red solution on 
dilution with H,O (100 c.c.) became colourless and deposited the cryst. coumarone in the course 
of 2hr. Recryst. from dil. EtOH or dil. AcOH, it formed colourless plates (1-5 g.), m. p. 55°, 
easily sol. in the usual org. solvents (Found: C, 69-9; H, 6-8. C,,H,,O, requires C, 69-9; H, 
6-8%). With conc. H,SO, the substance forms a deep orange solution, which darkens on 
heating and finally becomes brownish-purple; addition of H,O to the cooled acid mixture then 
forms a blue-green solution, which deposits a blue-green flocculent ppt. The picrate separated 
from warm EtOH in dark red needles, m. p. 129—130° (Found : N, 9-9. C,,H,,Oi9N; requires 
N, 9-7%). 
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Methyl «-3 : 5-Dimethoxy-2-methylphenoxyethyl Ketone (VI; R=Me, R, = OMe).—A 
mixture of methylphloroglucinol «-dimethyl ether (Part I, Joc. cit.) (6 g.), 3-chlorobutan-2-one 
(7-6 g.), acetone (25 c.c.), and K,CO, (10 g.) was refluxed for 2-5 hr. After the addition of an 
excess of dil. aq. NaOH to the reaction mixture, the ketone was isolated with Et,O, distilled in 
a high vac., and obtained as a colourless oil (5 g.), b. p. 151—152°/1 mm. [Found : OMe, 25-9. 
C,,H,,0,(OMe), requires OMe, 26-1%]. The semicarbazone crystallised from EtOH in needles, 
m. p. 172—173° (Found: C, 56-7; H, 7-4. C,,H,,O,N, requires C, 57-0; H, 7-1%). 

4 : 6-Dimethoxy-2 ; 3: T-trimethylcoumarone (VII; R = Me, R, = OMe).—The ring closure 
of the foregoing ketone (3 g.) was effected with cold conc. H,SO, (15 c.c.) during 3 min. at 0°, 
and, on isolation, the coumarone separated from warm dil. EtOH in colourless plates (2-3 g.), m. p. 
68°, readily sol. in the usual org. solvents [Found : C, 70-5; H, 7-2; OMe, 28-2; M (Rast), 222, 
232. C,,H,O(OMe), requires C, 70-9; H, 773; OMe, 28-2%; M, 220]. It dissolved in conc. 
H,SO,, forming an orange solution which on warming changed to red and then to brilliant 
purple; addition of H,O formed a green ppt. The picrate crystallised from hot EtOH in green 
needles, m. p. 110—111° (Found: C, 57-6; H, 4:8; N, 6-1, 6-5. 2C,3H,,03,C,H,O0,N, requires 
C, 57-4; H, 5-2; N, 63%. Cy3H,,03,C,H,0O,N, requires C, 51:0; H, 4:2; N, 9-4%). 

Methyl 6-Hydroxy-4-methoxy-2 : 3 : 5-trimethylcoumarone-7-carboxylate (XII).—A solution of 
methyl 2 : 4-dihydroxy-6-methoxy-3-methylbenzoate (Herzig and Wenzel, Monaish., 1902, 28, 
81) (5 g.) and 3-chlorobutan-2-one (6 g.) in acetone (50 c.c.) was refluxed with K,CO, (8 g.) 
for 12 hr., the mixture diluted with H,O (150 c.c.), the acetone and unchanged ketone removed 
in a vac., and the residual mixture extracted several times with Et,O. Evaporation of the 
combined, dried ethereal extracts left a residue which, on crystn. from dil. EtOH, gave the 
estey in clusters of colourless slender needles (3 g.), m. p. 123—124° [Found : C, 63-2; H, 6-4; 
OMe, 23-6. C,H ,903(OMe), requires C, 63°6; H, 61; OMe, 23-5%]. With alc. FeCl, the 
compound gives a dark green coloration. It dissolves in conc. H,SO,, forming a pale 
yellow solution which on warming becomes red and then purple; addition of H,O then gives 
a purple ppt. 

A solution of the ester (1 g.) in 5% aq. KOH (20 c.c.) and EtOH (15 c.c.) was heated on the 
water-bath for 1 hr., cooled, diluted with H,O, and acidified with aq. HCl. 6-Hydroxy-4- 
methoxy-2 : 3 : 5-trimethylcoumarone-7-carboxylic acid thus obtained separated from warm EtOH 
in colourless needles, m. p. 214—215° (decomp.) (Found: C, 62-8; H, 5-8. C,,;H,,O, requires 
C, 62-4; H, 56%). The FeCl, reaction is green in EtOH and blue-green in aq. EtOH. The 
behaviour of the acid with H,SO, is identical with that of the ester. 

6-Hydroxy-4-methoxy-2 : 3: 5-ivimethylcoumarone (XIII, R=H).—The foregoing acid 
(1-4 g.) was decarboxylated by being kept at 220° for 3—4 min., and the resulting coumarone 
distilled in a high vac., b. p. 120—130°/1 mm., and then crystallised from dil. EtOH; it formed 
colourless plates (0-8 g.), m. p. 133° (Found; C, 69-8; H, 6-8; OMe, 15-6. C,,H,,0,(OMe) 
requires C, 69-9; H, 6-8; OMe, 15-1%]. The compound is sol. in aq. NaOH, but does not give 
a FeCl, reaction. 

4 : 6-Dimethoxy-2 : 3 : 6-irimethylcoumarone (O-Dimethylusneol) (XIII, R = Me).—The mono- 
methyl ether (1 g.) was methylated with Mel (3 c.c.) and K,CO, (2-5 g.) in boiling acetone 
(10 c.c.) during 3 hr. and an ethereal solution of the crude product was washed with 5% aq. 
NaOH and then with H,O, dried, and evaporated. Distillation of the residue in a high vac. 
gave O-dimethylusneol as a colourless oil, b. p. 140—145°/1 mm. (Found : OMe, 27:1%). The 
sulphuric acid reaction was identical with that given by the natural ether. Cryst. from warm 
EtOH, the picrate formed dark red, rectangular prisms, m. p. 87—88°, and was identical in 
every respect with a specimen prepared from the natural compound (Found: C, 50-9; H, 4-5; 
N, 9:7. Calc. for CygH,,0O,,N,: C, 50-8; H, 4:2; N, 9-4%). 

Methyl 2: 6-Dihydroxy-4-ethoxy-3-methylbenzoate (XVII).—Methyl 2: 4: 6-trihydroxy-3- 
methylbenzoate (2-5 g.) was dissolved in Et,O (25 c.c.) and treated with an ethereal solution 
(75 c.c.) of diazoethane (from 3-5 c.c. of nitroso-N-ethylurethane). 12 Hr. later, the solvent 
was distilled and, on crystn. from MeOH, the residual ester formed short thick prisms (1-5 g.), 
m. p. 108—109° [Found: C, 58-0; H, 6-4; OAlk., 13-9. CgH,O,(OMe)(OEt) requires C, 58-4; 
H, 6-2; OAlk., 14:2%]. This compound is readily sol. in EtOH or acetone and with alc, FeCl, 
gives a dark green coloration which changes to brownish-green on dilution with H,O. 

Methylation of Methyl 2 : 6-Dihydroxy-4-ethoxy-3-methylbenzoate.—Methylation of this ester 
(1 g.) with Mel (2 c.c.) and K,CO, (3 g.) in boiling acetone (10 c.c.) during 3 hr. gave a mixture 
of its mono- and di-methyl ethers, which were separated by fractional crystn. from aq. MeOH. 
The less sol. compound, methyl 2-hydroxy-6-methoxy-4-ethoxy-3-methylbenzoate (XVIII), separated 
from 80% MeOH in clusters of needles (0-5 g.), m. p. 134° [Found: C, 60-1; H, 6-7; OAlk., 
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19-7. C,H,O,(OEt)(OMe), requires C, 60-0; H, 6-7; OAlk., 20:0%]. With alc. FeCl, it gives 
a greenish-brown coloration. 

Cryst. from dil. MeOH, the second product, methyl 2 : 6-dimethoxy-4-ethoxy-3-methylbenzoate, 
formed rectangular plates, m. p. 93° [Found : C, 61-3; H, 7-1; OAlk., 24-8. C,H,O(OEt)(OMe), 
requires C, 61-4; H, 7-1; OAlk., 25-2%]. This compound is much more sol. in all org. 
solvents than the previous hydroxy-ester. It is insol. in aq. NaOH, and does not give a FeCl, 
reaction. 

2 : 4-Dihydroxy-6-methoxy-3-methylbenzaldehyde (XX).—An ethereal solution of methyl- 
phloroglucinol «-methyl ether (Part I, Joc. cit.) (4 g.) containing HCN (4 c.c.) and Zn(CN), 
(1-6 g.) was saturated with HCl and 4 hr. later the aldimine double compound was collected, 
washed with Et,O, and hydrolysed with H,O (100 c.c.) on the steam-bath during 20 min. The 
resulting aldehyde separated from EtOH in golden-yellow needles (3-5 g.), m. p. 243—244° (slight 
decomp.) (Found : C, 59-5; H, 5-7. C,H, )O, requires C, 59-3; H, 55%). In EtOH the FeCl, 
reaction is purple. 

2-Hydroxy-6-methoxy-4-ethoxy-3-methylbenzaldehyde (XIX).—Ethylation of the foregoing 
aldehyde (2-5 g.) was effected with EtI (5 c.c.) and K,CO, (6 g.) in boiling acetone (25 c.c.) 
during 5 hr. and on isolation the ethyl ether crystallised from warm EtOH in colourless needles 
(1-6 g.), m. p. 126—127° [Found : C, 62-5; H, 6-9; OAlk., 14-1. C,H,O,(OEt)(OMe) requires 
C, 62-9; H, 6-7; OAlk., 15-2%]. The compound is readily sol. in warm MeOH or EtOH and 
in cold AcOEt and with alc. FeCl, gives a purple-brown coloration. Acetylation with Ac,O 
and pyridine at 100° for 3 hr. furnished the acetate, which separated from dil. EtOH in needles 
or plates, m. p. 116—117° (Found: C, 61-8; H, 6-7. C,,;H,,0,; requires C, 61-9; H, 6-4%). 

A solution of the aldehyde (0-35 g.) and acetylanisole (0-6 g.) in dry AcOEt (10 c.c.) was 
saturated with HCl and 2 days later 5 : 4’-dimethoxy-7-ethoxy-8-methylflavylium chloride was 
pptd. with Et,O and converted into the ferrichloride (X XI) in the usual manner. This deriv- 
ative separated from AcOH in clusters of red needles, m. p. 169—170° (Found : C, 45-8; H, 4-1. 
CopH,,0,Cl,Fe requires C, 45-9; H, 40%). ; 

2-H ydroxy-6-methoxy-4-ethoxy-3-methylbenzoic Acid.—(A) 2-Acetoxy-6-methoxy-4-ethoxy- 
3-methylbenzaldehyde (1-2 g.) in warm acetone (75 c.c. at 50—55°) was oxidised by the 
gradual addition of a solution of KMnQ, (1-5 g.) in H,O (35 c.c. at 50—55°) containing MgSO, 
(1-5 g.). 4 Hr. later, the solution was cleared with SO,, the acetone allowed to evaporate, the 
aq. liquor extracted with CHCl,, and the acetate of the acid (0-6 g.) isolated from the extract 
by means of aq. NaHCO, and hydrolysed with 10% aq. KOH (10 c.c.) at room temp. for 2 hr. 
On isolation, the product crystallised from MeOH in clusters of needles, m. p. 167—168° (Found : 
C, 58-1; H, 6-6. C,,H,,0O,; requires C, 58-4; H, 6-2%). It is readily sol. in hot EtOH or 
AcOEt, and insol. in warm light petroleum, and with alc. FeCl, gives a brown coloration. This 
acid (0-3 g.) was decarboxylated by being heated at 200° in the presence of a trace of Cu powder 
for 10 min., and the product extracted with warm light petroleum (50—60°). On cooling, the 
extract deposited 4-methoxy-6-ethoxy-o-cresol in needles, m. p. 79—80° after sublimation in a 
high vac. [Found : C, 65-9; H, 7-8; OAlk., 17-5. C,H,O(OMe)(OEt) requires C, 65-9; H, 7:7; 
OAIk., 17:5%]. This phenol does not give a FeCl, reaction. 

(B) Hydrolysis of the methyl ester (0-2 g.) with 20% aq. KOH (2-5 c.c.) and EtOH (2°5 c.c.) 
on the water-bath for 1 hr. gave the acid, which separated from warm MeOH in clusters of needles, 
m. p. and mixed m. p. 167—168°, having a FeCl, reaction and solubilities identical with a speci- 
men prepared by method (A) [Found: OAlk., 14:1. Calc. for CgH,O,(OMe)(OEt): OAlk., 
14:2%]. Decarboxylated, it gave 4-methoxy-6-ethoxy-o-cresol, m. p. and mixed m. p. 79—80°. 

Methyl  6-Hydroxy-4-ethoxy-2 : 3 : 5-trimethylcoumarone-7-carboxylate (XXII).—Methyl 
2 : 6-dihydroxy-4-ethoxy-3-methylbenzoate (2-5 g.) was allowed to react with 3-chlorobutan- 
2-one (2-5 g.) in the presence of K,CO, (4 g.) in boiling acetone (25 c.c.) during 3 hr. and, after 
the addition of H,O, the mixture was extracted several times with Et,0. Evaporation of the 
dried extracts left an oil, which was dissolved in warm dil. EtOH and, on cooling, the ester 
separated in colourless needles, m. p. 100—101° (Found: C, 64-4; H, 6-6. C,;H,,O, requires 
C, 64-8; H, 65%). With alc. FeCl, the compound gives a green coloration. 

Hydrolysis of this ester (5 g.) with 50% aq. EtOH (100 c.c.) containing KOH (5 g.) on the 
steam-bath during 1 hr. gave 6-hydroxy-4-ethoxy-2 : 3 : 5-trimethylcoumarone-7-carboxylic acid, 
which separated from dil. MeOH in thick needles, m. p. 191—192° (decomp.) (Found : C, 63-8; 
H, 6-5. C,4H,,O0, requires C, 63-6; H, 6-1%). The FeCl, reaction is identical with that of the 
ester. 

4 : 6-Diethoxy-2 : 3: 5-irimethylcoumarone (O-Diethylusneol)—The aforementioned acid 
(1-5 g.), mixed with a little Cu, was kept at 200—220° for 5 min., and the residue distilled in a 
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high vac., b. p. 135—138°/1 mm., and dissolved in warm dil. EtOH. On cooling, the solution 
deposited 6-hydroxy-4-ethoxy-2 : 3 : 5-trimethylcoumarone (XXIII) in plates, m. p. 123—124° 
after recrystn. from dil. ACOH (Found: C, 70-5; H, 7-6. C,,;H,,0O, requires C, 70-9; H, 
7:°3%). This compound is readily sol. in the usual anhyd. solvents and in aq. NaOH, but does 
not give a FeCl, reaction. 

A solution of the monoethy] ether (0-5 g.) in acetone (10 c.c.) was refluxed with EtI (3 c.c.) 
and K,CO, (4-5 g.) for 5 hr., diluted with more acetone, filtered, and evaporated. An ethereal 
extract of the residue was washed with aq. NaOH and then with H,O, dried, and distilled, 
leaving usneol diethyl ether, which on crystn. from dil. EtOH formed colourless plates, m. p. 
82—83°, identical in every respect with a natural specimen (Found : C, 72:3; H, 8-0%). The 
picrate separated from EtOH, containing a little picric acid, in red needles, m. p. 84—85°, 
undepressed by the addition of the natural derivative. 

The Condensation of Methyl 2: 4: 6-Trihydroxy-3-methylbenzoate and 3-Chlorobutan-2-one.— 
The chloro-ketone (1-75 g.) was added in 3 portions to a boiling solution of the ester (2-5 g.) in 
acetone (15 c.c.) containing K,CO, (3-7 g.) in the course of 2 hr. The solid (A) obtained by 
the addition of an excess of H,O to the reaction mixture separated from EtOH in clusters of 
slender needles, m. p. 130—131° [Found : C, 62-3; H, 5-5; OMe, 12-5; M (Rast), 266, 272. 
C,2H,,0,(OMe) requires C, 62-4; H, 5-6; OMe, 12-4%; M, 250]. From its method of formation 
in a manner analogous to the partial alkylation of methyl 2 : 4 : 6-trihydroxy-3-methylbenzoate, 
this product (A) is almost certainly methyl 4 : 6-dihydroxy-2 : 3 : T-trimethylcoumarone-5-carb- 
oxylate. With conc. H,SO, it forms an orange solution which on warming becomes red and 
finally greenish-purple; dilution with H,O then throws down a blue-green flocculent ppt. 
Addition of a drop of aq. FeCl, to 1 c.c. of an alc. solution of the coumarone gives a green 
coloration; with more FeCl, a brown colour is produced. On being warmed with alc. picric 
acid containing a drop of H,SO,, the compound formed the picrate, which separated from 
warm EtOH containing picric acid and a drop of H,SO,; m. p. 104—105° (Found: N, 8-2. 
C,,H,,0,,.N; requires N, 8-7%). The presence of H,SQ, is essential for the formation and purific- 
ation of this unstable derivative. On hydrolysis with alkali, methyl 4 : 6-dihydroxy-2 : 3: 7- 
trimethylcoumarone-5-carboxylate completely decomposed. 

In one expt. the chloro-ketone (3-5 g.) was added in one portion to a boiling solution of the 
ester (5 g.) in acetone (35 c.c.) containing K,CO, (7-4 g.) and a compound (B) isomeric with (A) 
was obtained which crystallised from EtOH in clusters of short thick prisms, m. p. 98—99° 
(Found: C, 62-4; H, 6-0; OMe, 11-9%). This substance is unaffected by ethereal diazo- 
methane and gives a green coloration with alc. FeCl,;. Mixed with a specimen of (A), it melted 
at 82—83°. The reaction with H,SO, is similar to that given by (A). The picrate of (B) was 
prepared and purified by the method adopted in the case of (A), m. p. 84—85° (Found: N, 
79%). A mixture of the two picrates had m. p. 72—73°. 
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181. Anionotropic and Prototropic Changes in Cyclic Systems. 
Part I. Hydroxycyclopentenones. 


By Haro_p Burton, CHARLES W. SHOPPEE, and CHRISTOPHER L. WILSON. 


Japp and his collaborators have shown (J., 1885, 47, 33; 1887, 51, 425; 1897, 71, 130; 
1899, 75, 1017; 1901, 79, 1024; 1903, 83, 279; 1904, 85, 1473; 1905, 87, 673) that benzil 
condenses with the simpler aliphatic ketones to give 4-hydroxy-3 : 4-diphenyl-A*-cyclo- 
pentenones (“ anhydroacetonebenzils’’) (I). The properties of these cyclic compounds 
have been further studied by Gray (J., 1909, 95, 2131, 2138), who emphasised the extreme 
difficulty of proving directly the presence of the ¢ert.-hydroxyl group by acylation. Acetyl- 
ation proceeds only when R! and R? are groups other than hydrogen, and the acetyl 
derivatives formed exhibit an interesting change when hydrolysed. Gray proved con- 
clusively that hydrolysis does not regenerate the parent hydroxycyclopentenone, but gives 
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an isomeride (II) which has the properties of an «-hydroxy-ketone and yields the corre- 
sponding acetate (III), from which (II) can be regenerated by hydrolysis. 





CPh(OH)-CPh CHPh-CPh CHPh-CPh 
CR1R2 1R2 —~ CR'R2 
<co CH CIR lon = CRIR<9 Lore 
: q (II.) (IIT.) 


We have investigated the changes involved in the conversion of (I) into (II), using 
4-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone (IV) as our initial material 
and assuming the following working hypothesis: the mechanism consists of two con- 
secutive tautomeric changes, the first anionotropic and the second prototropic in character. 
Structure (IV) contains both the molecular conditions necessary for three-carbon aniono- 
tropy, namely, the group -C,(OH)-C:C:, and a suitable activating group (Ph attached to 
C.); hence under the conditions which have been laid down by one of us (Burton, J., 
1928, 1650) conversion into the tautomeride (V) is to be anticipated. Structure (V), however, 
contains a three-carbon prototropic system; there is present the group -C:C-C,[H];, and a 
powerful activating group, namely, CO attached to C,. Under suitable conditions (see 
Ingold and Shoppee, J., 1929, 1199), prototropic interconversion of (V) and its isomeride 
(VI) is to be expected. 


CPh(OH)-CPh __ cy, -CPhICPh Me, CHPh-CPh 
CMex< co ——CH > Meco trpon = M#<co—Con 
(IV.) (V.) (VI.) 


Actually the anionotropic change (IV —-> V) relates not to the hydroxy-compound (IV), 
which is static under all the conditions so far investigated, but to its acetate. This is, 
normal, since it has been shown (Burton, Joc. cit.) that the facility of anionotropic change 
depends, amongst other things, on the stability of the mobile anion as indicated by the 
strengths of the corresponding acids (AcOH > HOH). The above mechanism is, in fact, 
closely analogous to the change occurring in the transformation of «y-diarylallyl alcohols 
(acetates) into aryl §-arylethyl ketones (Burton and Ingold, J., 1928, 904; compare 
Shoppee, J., 1928, 2567). 

We have accumulated a considerable amount of evidence supporting this suggested 
mechanism by investigating 4-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone 
(‘‘ 88-dimethylanhydroacetonebenzil ’’) (IV) andits derivatives. First, during an attempted ° 
catalytic reduction of 4-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone in acetic 
acid solution, we have isolated an acetate which must have the constitution (VII), since it 
regenerates the parent hydroxy-compound on hydrolysis and, when boiled with acetic 
anhydride, passes into the acetate, m. p. 137°, described by Gray (loc. cit.). To the latter 
acetate Gray assigned structure (VII), but it must now be formulated as (VIII). 


CPh(OAc)-CPh CPhiCPh CHPh-CPh 
CMes< 0 —CH CMes< C0-CH-OAc NN ie ake 
(VIL.) (VIII.) (IX.) 


Unfortunately, we were unable to prepare (VII) by any known method of acetylation, 
including the use of keten. The acetate (VIII), when treated with alcoholic potassium 
hydroxide (Gray, Joc. cit.), undergoes prototropic conversion into the isomeride (IX), which 
is hydrolysed readily to 2-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone (VI). 
We have attempted to isolate the intermediate acetate (IX) by using dry 1-45N-sodium 
ethoxide at 85° as the catalyst for promoting the prototropic change (VIII) —> (IX), but 
here again hydrolysis supervened. Attempted formation of 2-hydroxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone (V) by hydrolysis of the acetate (VIII) with concentrated 
hydrochloric acid in acetone again led to the isolation of 2-hydroxy-3 : 4-diphenyl-5 : 5-di- 
methyl-A*-cyclopentenone, which has been characterised in the tautomeric diketonic form 
by preparation of a 2 : 4-dinitrophenylosazone. 

We also endeavoured to establish the position of the acetyl groups in the acetates 
(VIII) and (IX) by catalytic reduction, since addition of two atoms of hydrogen to either 
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structure should give the same saturated acetate. In both cases absorption of hydrogen 
in presence of Adams’s catalyst is slow and ceases only when five molecules are consumed ; 
the acetyl groups are eliminated and 3(or 4)-cyclohexyl-4(or 3)-phenyl-5 : 5-dimethyl- 
cyclopentanone, characterised as its 2: 4-dinitrophenylhydrazone, is obtained from either 
acetate. Similar reduction of 4-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone 
gave a non-homogeneous product containing none of the above cyclopentanone. The close 
similarity in the behaviour of the acetates (VIII) and (IX) indicates that their acetoxy- 
groups are similarly oriented. Reduction of 4-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl- 
A®-cyclopentenone with hydriodic acid, or with zinc dust and acetic acid, gives 3 : 4-di- 
phenyl-5 : 5-dimethyl-A*-cyclopentenone (X), characterised by the formation of a benzylidene 
derivative, a result which conforms with those of Japp and his collaborators. The 
generality with which the A?-unsaturated linking migrates to the A*-position is undoubtedly 
due to the following changes : 


CPhI-CPh anionotropic CPh:CPh _# CPh-CPh 
IV) —~> CMe ———> CM unl CMe (X 
(IV) =< o—( CH change << o_CHI <o_-¢H, $ I, ) 


3 : 4-Dipheny]l-5 : 5-dimethyl-A*-cyclopentenone is fairly resistant to further reduction, 
but the use of phosphorus and hydriodic acid or the Clemmensen method gives a mixture 
of 1 : 2-diphenyl-3 : 3-dimethylcyclopentane and 3 : 4-diphenyl-5 : 5-dimethylcyclopentanone. 
The latter furnishes a semicarbazone, m. p. 224°, isomeric with the semicarbazone, m. p. 230°, 
of the 3: 4-diphenyl-5 : 5-dimethylcyclopentanone obtained by reduction of 2-hydroxy- 
3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone with phosphorus and hydriodic acid. In 
view of the different methods of preparation of these cyclopentanones, the semicarbazones 
may be stereoisomerides. 

Oxidation experiments in this series of compounds are not diagnostic of constitution. 
For instance, addition of hydroxyl groups to 4-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl- 
A*-cyclopentenone and 2-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (as 
acetate) gives rise to the same intermediate trihydroxy-derivative. Ozonolysis experi- 
ments are of little help, since benzoic acid is invariably the main product. 

We have been able to prove, in what we consider to be a conclusive manner, the 
mechanism suggested above by the following observations. When 2-acetoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone (VIII) is treated with 2: 4-dinitrophenylhydrazine in 
‘ methyl alcohol containing sulphuric acid according to the directions of Brady (J., 1931, 
756), alcoholysis of the acetoxy-group accompanies hydrazone formation and 2-methoxy- 
3: 4-diphenyl-5 : 5-dimethyl-A®-cyclopentenone-2 : 4-dinitrophenylhydrazone (XI) _ results. 
That (XI) has the constitution assigned to it follows from its non-identity with 4-methoxy- 
3: 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone-2 : 4-dinitrophenylhydrazone (XII) and 
2-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone-2 : 4-dinitrophenylhydrazone 
(XIII), which are prepared from the appropriate methyl ethers. Although (XI) and 
(XII) melt (with decomposition) at the same temperature and show no depression 


Amtonotropic and 
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[X = IN-NH-C,H,(NO,),.] 


when mixed, their non-identity is definitely established by their differences in colour 
and crystalline form and by mixed solubility exaltation. The use of ethyl for methyl 
alcohol in the above treatment leads to the production of 2-ethoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A®-cyclopentenone-2 : 4-dinitrophenylhydrazone (XI, OMe = OEt), which 
differs from  2-ethoxy-3 : 4-diphenyl-5 : 5-dimethyl-A®-cyclopentenone-2 : 4-dinitrophenyl- 
hydrazone (XIII, OMe = OEt). Contrary to our statement in Chem. and Ind. (1932, 
51, 981), the 2: 4-dinitrophenylhydrazone (XII, OMe = OEt) of 4-ethoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone (XIV) is not obtained when this ketone is treated 
with 2:4-dinitrophenylhydrazine in alcoholic-sulphuric or -hydrochloric acid; the 
resulting compound, C,,H,,0;N,, is ethoxyl-free and has the composition of a hydroxy- 
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diphenyldimethylcyclopentenone-2 : 4-dinitrophenylhydrazone. The compound differs, 
however, from the 2: 4-dinitrophenylhydrazones of (IV) and (VI), showing that simple 
hydrolysis, or hydrolysis and subsequent anionotropic and prototropic changes, respec- 
tively, do not occur. It is possible that hydrolysis and subsequent anionotropic change 
take place, in which case the compound is the 2 : 4-dinitrophenylhydrazone of the hitherto 
unknown (V). We find that the parent ether (XIV), which is prepared under conditions 
which render a change of structure very improbable, is actually hydrolysed by alcoholic 
acid, yielding an ethoxyl-free substance of indefinite melting point, but no (IV). The 
analogous 4-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone is quite stable to 
hydrolytic agents. We hoped that it might be possible to effect a (partial) prototropic 
conversion of (XI) into (XIII) by alcoholic potash, in spite of the fact that (XI) contains 
two prototropic systems, *N:‘C-CH and -C:N-NH:, in addition to that (*CPh‘CPh:CH-:) 
essential for the change; this could not be realised. 

We also investigated 4-hydroxy-3 : 4-diphenyl-2 : 5 : 5-trimethyl-A?-cyclopentenone 
(XV) (Japp and Meldrum) (J., 1901, 79, 1039), which contains an anionotropic but no 
prototropic system. Treatment of (XV) with acetic anhydride and sulphuric acid gave 
3 : 4-diphenyl-5 : 5-dimethyl-2-methylene-A®-cyclopentenone (XVII), which can only result 
by loss of acetic acid from the intermediate tertiary acetate (XVI); the presence of the 
extracyclic methylene group was proved by ozonolysis, whereby formaldehyde was formed. 


CPh(OH)-CPh CPh:CPh CPh:CPh 

M i CH —> CM 

eS Ue CMes<Co—CMe-OAc CM es<Co—C:CH, 
(XV.) (XVI) (XVIL) 


A similar compound was also prepared (but not definitely characterised) by Gray (loc. cit.) 
from 4-hydroxy-3 : 4-diphenyl-5-benzylidene-2-methyl-A*-cyclopentenone. ‘ 

Whilst we were preparing an account of the above work for publication, Allen and 
Spanagel (J. Amer. Chem. Soc., 1932, 54, 4338) described an investigation on the chlorides 
derived from 4-hydroxy-3 : 4-diphenylcyclopentenone (I, R'=R?=H) and its 5 : 5-dimethyl 
derivative (IV). We do not agree entirely with their conclusions regarding the compounds 
of either series, but we shall now deal only with the latter; we propose to discuss the 
former in a subsequent paper. 

Treatment of (IV) with thionyl (or acetyl) chloride gives, according to Allen and 
Spanagel, a chloride, m. p. 133°, which is formulated as (XVIII), and which on refluxing 
with a very dilute solution of potassium hydroxide in alcohol for ten minutes regenerates 
(IV) as an insoluble solid, the identity of which is proved by mixed melting point and 
solubilities ; potassium and silver acetates in alcohol led to the same result. Furthermore, 
(XVIII) and silver acetate in boiling absolute methyl alcohol gave a methoxy-compound, 
m. p. 144°, formulated as (XIX), whilst silver acetate and glacial acetic acid furnished the 
acetate, m. p. 137°, described by Gray (loc. cit.), and formulated as the 4-acetoxy-derivative 





(VII). 
Cl OMe 
SOCl, CPh-CPh _NeoH CPh-CPh CPh:CPh 
i CN ome: C8 
(IV) hare CMes<co—CH agoa” MOr< cg Cy CMe 9-CHCI 
(XVIII.) (XIX.) (XX.) 


It would be expected from the reasoning on p. 721 that some, if not all, of the product 
of interaction of (IV) and thionyl chloride would be the chloride (XX), which is an 
«-chloro-ketone. Allen and Spanagel have probably considered such a structure (cf. loc. 
cit., p. 4339) for the chloride (XVIII) and rejected it on grounds which we are unable to 
follow. All our (independent) attempts * to prepare the chloride, m. p. 133°, have resulted 
in the isolation of two well-defined isomerides, one of which is obviously identical with 
that described by Allen and Spanagel, whilst the other melts at 127°. Attempts to 
regenerate (IV) from the higher-melting chloride by treatment with dilute alcoholic potash 
were uniformly unsuccessful; the solid separating during the reaction was potassium 

* We wish to emphasise that all the experiments relating to Allen and Spanagel’s work have been 
independently repeated by each of the authors and have always given the same results. 
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chloride. With silver acetate and alcohol, the product was an oil containing ethoxy. 
The use of potassium hydroxide in aqueous acetone gave (VI) as the sole product. With 
silver acetate in methyl alcohol, the chloride, m. p. 133°, yielded a mixture of isomeric 
methoxy-compounds; we could not effect a clean separation of this mixture, although we 
did once isolate 4-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone, m. p. 148°, 
and a different fraction, m. p. 144°, almost certainly consisting of 2-methoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone. Unfortunately, we had no means of establishing the 
identity of the fraction, m. p. 144°, with Allen and Spanagel’s methoxy-compound, although 
this is probable. Silver acetate and acetic acid convert the chloride, m. p. 133°, into a 
mixture of acetates consisting chiefly of that described by Gray, to which must be assigned 
constitution (VIII). A small amount of (VI) was also produced. Repetition of these 
experiments with the lower-melting chloride gave identical results, indicating that the 
two chlorides possess structures (XVIII) and (XX) and react through the common ion 
® 


a, 
pind nahaanadenet tan We decided, therefore, to establish the constitution of one of 
these chlorides by an unambiguous method. This we were able to do, since chlorination 
of 3: 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (X) gave us the chloride (XX), m. p. 
127°. We infer that Allen and Spanagel’s chloride is (XVIII) as suggested by them. 
Attempted anionotropic conversion of (XVIII) into (XX) by heating in benzonitrile or 
acetic anhydride gave a compound (XXI), C3g,H3.0,, formed by loss of two molecules 
of hydrogen chloride from two molecules of the chloride (XX), and yielding by 
oxidation with potassium permanganate in acetone the anhydride (XXII) of «f-oxido- 








Ov 
Z 
(XXL) CMe CEMEER_LPBCEDSCMey Cae, <ePIYPD (XXII) 


«f-diphenyl-yy-dimethylglutaric acid. The production of (XXI) constitutes further 
support for the view, expressed above, that the chlorides (XVIII, XX) form a mobile 


anionotropic system. 
EXPERIMENTAL. 


Derivatives of 88-Dimethylanhydroacetonebenzil. 


4- Hydroxy -3 : 4-diphenyl-5 : 5-dimethyl- A*-cyclopentenone (86-Dimethylanhydroacetone- 
benzil) (IV) —COMePr® (50 g.) [p-nitrophenylhydrazone, golden-brown plates from MeOH, 
m. p. 103-5° (Found: N, 19-4. C,,H,,;0,N, requires N, 19-0%)] was condensed with benzil 
(67 g.) under the conditions indicated by Japp and Meldrum (J., 1901, 79, 1038) at a temp. not 
less than 30°; the product, recryst. from EtOH, had m. p. 181° (yield, 50 —52 g.) [2 : 4-dinitro- 
phenylhydrazone, red prisms from AcOEt-—EtOH, m. p. 217—218° (Found: C, 65-4; H, 4-8; 
N, 12:0. C,;H,,O;N, requires C, 65-5; H, 4:8; N, 12:2%)]. 88-Dimethylanhydroacetone- 
benzil is not acylated by AcCl or ~-nitrobenzoyl chloride and C,;H,N at 100°, by Ac,O and 
C,;H,N at 100° or the b. p., or by treatment with gaseous keten (“‘ Organic Syntheses,” IV, 39) 
in Ac,O or ether. Attempted acetylation by treatment of the sodium compound, formed by 
boiling with “ molecular ” Na in xylene, with slightly less than the theo. quantity of AcCl was 
also unsuccessful. 

2-Acetoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (VIII) is readily prepared from 
6B-dimethylanhydroacetonebenzil by Gray’s method (loc. cit., p. 2137), or by boiling with 
Ac,O for 20 hr. The acetate is unaffected by treatment with Zn and boiling AcOH for 4 hr., 
and with 3% Na-—Hg in boiling EtOH, in the presence of AcOH. 

Treatment with 2 : 4-dinitrophenylhydrazine sulphate in EtOH gives 2-ethoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone-2 : 4-dinitrophenylhydrazone, orange lamine from EtOH or 
C,H,-ligroin (b. p. 80—100°), m. p. 182° (decomp.) (Found: C, 66-25, 66-6; H, 5-3, 53; 
N, 11-55; OEt, 9-8. C,,H,,0,;N, requires C, 66-7; H, 5-4; N, 11-5; OEt, 93%). Substitution 
of MeOH for EtOH in the foregoing affords 2-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A8-cyclo- 
pentenone-2 : 4-dinitrophenylhydrazone (XI), orange laminez from MeOH, m. p. 196° (decomp.) 
(Found : C, 66-1; H, 5-2; N, 11-7; OMe, 6-3. C,,H,,O;N, requires C, 66-1; H, 5-1; N, 11-9; 
OMe, 6-6%). The methoxy-hydrazone (0-3 g.), suspended in hot MeOH (30 c.c.), was heated 
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for 10 min. with MeOH—KOH (3 c.c. of a solution of 0-3 g. KOH in 12 c.c. MeOH); the clear 
solution obtained by dilution was acidified, and the ppt. recrystallised several times from 
AcOEt; the substance, m. p. 204°, formed yellow needles (Found: C, 71-4; H, 4:8; N, 13-0; 
OMe, 7:1. C,,H,,0,N, requires C, 71:3; H, 5-05; N, 12-8; OMe, 7:1%). More drastic treat- 
ment of the methoxy-hydrazone with 1-45N-NaOMe for 6 hr. on the steam-bath gave a neutral 
substance, separating from AcOEt in yellow prisms, m. p. 207° (decomp.), and depressing the 
m. p. of the substance C,,H,,O,N, to 188° (Found : C, 64-5; H, 5:3; OMe, 12:3. Cy,H2g0.N, 
requires C, 64-3; H, 5-6; OMe, 12-3%). 

Oxidation of the Acetate, m. p. 137°.—(i) A solution of CrO, (3 g.) in AcOH (100 c.c.) was 
added dropwise to the acetate (2 g.) suspended in AcOH (10c.c.). The mixture was stirred and 
kept at 10° during the addition and over-night; after dilution and neutralisation with solid 
Na,CO,, the solution was repeatedly extracted with Et,0. The aq. solution was evaporated to 
small bulk on the steam-bath, acidified, and extracted with Et,O. This extract was roughly 
dried (CaCl,), evaporated, and kept at 40° in vac. to remove AcOH. A partial separation of 
the residual mixed acids was obtained by treatment with hot H,O; the more sol. part, further 
purified, was identified as BzOH, and the less sol. part as «8-oxido-«8-diphenyl-yy-dimethyl- 
glutaric acid (Found : C, 69-9; H, 5-65. Calc. for C,,H,,0,: C, 69-9; H, 5-6%), which, cryst. 
from Et,O-ligroin, or C,H,, decomposed at 174° to give the anhydride, m. p. 160°, after two 
crystns. from Et,O [Found : C, 73-8; H, 5-2; M (Rast), 307, 316. Calc. for CygH,,0,: C, 74:0; 
H, 5-2%; M, 308]. These two compounds were obtained by Japp and Michie (J., 1903, 83, 
306) by oxidation of $8-dimethylanhydroacetonebenzil. The original ethereal extract, after 
drying (K,CO,) and evaporation, gave a solid which, twice recryst. from MeOH, had m. p. 124°; 
it is probably 2-hydroxy-3 : 4-oxido-3 : 4-diphenyl-5 : 5-dimethylcyclopentanone [Found : C, 76-4 ; 
H, 6-0; M (Rast), 296, 280. C,,H,,0, requires C, 77-5; H, 6-1%; M, 294]; it gave a semi- 
carbazone, m. p. 159—160°, after crystn. from MeOH. 

(ii) The acetate (2 g.) in AcOH (60 c.c.) was ozonised for 16 hr.; after solution in Et,O and 
reduction of the ozonides with Zn, the liquid was extracted with 2N-Na,CO;. The aq. solution . 
was acidified and extracted with Et,O, and the dried (CaCl,) extract evaporated, first on the 
steam-bath and then in vac. at 40°. During the latter operation, a volatile solid passed over 
and was identified as BzOH; the residue also consisted of BzOH only. The ethereal solution, 
after drying (K,CO,) and evaporation, gave an oil which crystallised on keeping, affording 
a substance, m. p. 132°, crystallising in prisms from MeOH or EtOH [Found: C, 69-2; 
H, 5-9; M (Rast), 217, 234. C,,H,,O, requires C, 68-8; H, 6-3%; M, 192]. The substance 
was insol. in cold 2N-KOH, and crystallised unchanged from Ac,O; it depressed the m. p. of 
the acetate of m. p. 137°. 

Use of H,O, under various conditions was ineffective, the acetate, m. p. 137°, being recovered 
unaltered and unaccompanied by other substances. 

2-Hydroxy-3 : 4-diphenyl-5 : 5-dimethyl- A*-cyclopentenone (3: 4- Diphenyl-5 : 5-dimethyl- 
cyclopeniane-1 : 2-dione) (V1).—This compound can be obtained by hydrolysis of the acetate, 
m. p. 137°, with EtOH-KOH (Gray, loc. cit.), or with acetone-HCl; it is most readily prepared 
by use of hot 1-45N-NaOEt. Isolated by pouring into ice-water, acidification and filtration, 
and cryst. from EtOH, it forms needles, m. p. 158°; it gives a violet-brown colour with FeCl). 
It yields with some difficulty a 2: 4-dinitrophenylhydrazone, dark red needles from AcOEt, 
m. p. 194—195° (Found: N, 11-5. C,;H,.»O;N, requires N, 122%); by extended treatment 
with excess of 2:4-dinitrophenylhydrazine sulphate it yields the 2: 4-dinitrophenyl- 
osazone, scarlet prisms from xylene or AcOEt, m. p. 243° (Found: C, 58-6; H, 4-1. C3,H..0,N, 
requires C, 58-3; H, 4:1%). A quinoxaline could not be obtained. The high m. p. (244° 
decomp.) of the phenylhydrazone described by Gray (loc. cit.) suggests that the substance is an 
osazone; the analytical figures recorded by Gray (C, 81-9; H, 7-0) are not distinctive, since 
C,;H,,ON, requires C, 81-5; H, 6-6%, and C,,H,,N, requires C, 81:2; H, 6-6%. 

2-Acetoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (IX).—(i) Acetylation of the 
«-ketol, m. p. 158°, with Ac,O and a trace of H,SO, at 15° (cf. Gray, Joc. cit.) gives the acetate, 
m. p. 92°, after crystn. from EtOH. 

(ii) The same acetate is obtained by treating a solution of the «-ketol in Ac,O or Et,O with 
keten. 

The acetate is easily hydrolysed to regenerate the parent a-ketol, and when treated with 
excess of 2 : 4-dinitrophenylhydrazine sulphate affords the 2 : 4-dinitrophenylosazone, m. p. 243°. 

2-Methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone.—The «-ketol was methylated with 
NaOMe and Mel (cf. Gray, Joc. cit.); the methoxy-compound had m. p. 88°, and by treatment 
with 2: 4-dinitrophenylhydrazine sulphate in MeOH gave the 2: 4-dinitrophenylhydrazone 












726 Burton, Shoppee, and Wilson: Anionotropic and 


(XIII), brick-red needles from AcOEt, m. p. 234° (Found: C, 66-1; H, 5-1; N, 12-0; OMe, 
68. C,.H,,O,N, requires C, 66-1; H, 5-1; N, 11-9; OMe, 6-6%). 

2-Ethoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone was prepared in a similar way 
by means of NaOEt and EtI; it separated from EtOH in colourless prisms, m. p. 70-5— 
71° (Found: C, 82:3; H, 7-2; OEt, 14:5. C,,H,.O, requires C, 82-4; H, 7:2; OEt, 14-7%). 
With 2: 4-dinitrophenylhydrazine sulphate it yielded the 2: 4-dinitrophenylhydrazone, scarlet 
needles from xylene, m. p. 205° (Found: C, 67-0; H, 5-4; N, 11-7; OEt, 9-0. C,,H,,O;N, 
requires C, 66-66; H, 5-4; N, 11-5; OEt, 93%). 

Both the foregoing a-alkoxy-ketones by extended treatment with boiling 50% H,SO, 
regenerate the parent «-ketol, m. p. 158°. 

3 : 4-Diphenyl-5 : 5-dimethylcyclopentanone.—The «-ketol, m. p. 156°, was boiled for 2 hr. 
with HI aq. (d 1-78) and red P; the ppt. produced by pouring into H,O was filtered off 
and extracted with hot EtOH, from which the ketone crystallised on cooling and dilution ; 
recryst. from EtOH, it formed fine prismatic needles, m. p. 153°; the semicarbazone separated 
in needles from EtOH, m. p. 230° (decomp.) (Found: C, 74:7; H, 7:2. CyoH,3;ON, requires 
C, 74-7; H, 7:2%); the 2 : 4-dinitrophenylhydrazone formed orange needles from AcOEt-EtOH, 
m. p. 229° (Found : C, 67-6; H, 5-5; N,12-5. C,;H,,O,N, requires C, 67-6; H, 5-45; N, 12-6%). 
The same ketone is obtained when the «-ketol acetate, m. p. 92°, is boiled with HI aq. (d 1-95) 
for a few min. 

3 : 4-Diphenyl-5 : 5-dimethyl-A3-cyclopentenone (X).—(i) 6$-Dimethylanhydroacetonebenzil 
(3 g.) in boiling AcOH (50 c.c.) was treated with Zn dust (6 g.) during 4hr. The cooled product 
was decanted from Zn and (AcO),Zn into H,O, the residue washed with AcOH, which was 
added to the aq. mixture, and the pptd. oil extracted with Et,O. The extract, after 
washing with 2N-NaOH, drying (CaCl,), and evaporation, gave an oil (2-7 g.) which solidified 
and, twice cryst. from ligroin (b. p. 60—80°), formed colourless rhombic prisms, m. p. 95—96° 
(Found: C, 86-5, 86-6; H, 7-0, 7-0. C,,H,,O requires C, 86-9; H, 6-9%). 

(ii) @8-Dimethylanhydroacetonebenzil (0-5 g.) was boiled with HI aq. (4 1-95; 5 c.c.) for 
5 min., and the mixture cooled and extracted with Et,O. The extract was washed with 
H,SO, and 2N-Na,CO,, dried (K,CO,), and evaporated. The oil (0-4 g.) solidified readily and, 
cryst. twice from ligroin, yielded prisms, m. p. 96° [Found : C, 87-2; H, 7:3; M (Rast), 262, 
269. C,,H,,O requires M, 262]. 

(iii) The acetate, m. p. 137°, was boiled (0-5 g.) for a few min. with HI aq. (d 1:95; 5c.c.), 
and the cooled solution extracted with Et,0; the extract was washed with H,SO, and 2N-Na,CO,, 
dried (K,CO,), and evaporated. The product crystallised at once and was identified as 
A 4-diphenyl-5 : 5-dimethyl-A-cyclopentenone, m. p. 96° (yield, 0-4 g.). This is the best method 
of prepn. 

The ketone does not react with semicarbazide and but slowly with hydroxylamine; it 
affords an oily phenylhydrazone, but gives a 2 : 4-dinitrophenylhydrazone, which separates from 
AcOEt-EtOH in scarlet needles, m. p. 246° (decomp.) (Found: C, 67-6; H, 53; N, 12-4. 
Cy5H,,0,N, requires C, 67-9; H, 5-0; N, 12:7%). The ketone is unaffected by treatment with 
NOCI in ligroin at 15° and evolves HBr with Br in hot AcOH. 

A solution of the ketone (0-5 g.) and benzaldehyde (0-25 g.) in EtOH (3 c.c.) was refluxed 
for } hr. with NaOEt (from 0-05 g. Na in 2 c.c. EtOH); the benzylidene derivative separated on 
cooling and, recryst. from EtOH, formed yellow needles, m. p. 160—161° (Found: C, 89-1; 
H, 6-3. C,,H,,O requires C, 89-1; H, 6-3%). 

The ketone resists reduction by HI aq. (d 1-7) and red P for 15 hr.; longer treatment 
(15 hr.) yielded an oily product giving a sticky semicarbazone. Satisfactory reduction was 
obtained by Clemmensen’s method; after 2 hr., the product was isolated by extraction with 
Et,O as a colourless oil. An alc. solution of the oil was treated with semicarbazide acetate for 
24 hr., the liquid partly diluted, and the ppt. filtered off. The semicarbazone, colourless needles 
from MeOH, m. p. 224° (Found: C, 74:7; H, 7:2. CygH.,ON, requires C, 74:6; H, 7:2%), is 
isomeric with 3 : 4-diphenyl-5 : 5-dimethylcyclopentanonesemicarbazone, m. p. 230°, already 
described (mixed m. p. 208—210°), and is probably derived from the stereoisomeric 3 : 4-di- 
phenyl-5 : 5-dimethylcyclopentanone. The aq.-alc. filtrate was evaporated, and the residual oil, 
after dissolution in Et,O, drying, and evaporation, distilled at 10 mm.; 3: 4-diphenyl-5 : 5-di- 
methylcyclopentane was then obtained as a colourless, high-boiling oil (Found : C, 91:3; H, 8-1. 
Cy Hy, requires C, 91-2; H, 8-8%). 

Catalytic Reduction of ®8-Dimethylanhydroacetonebenzil.—(i) 8-Dimethylanhydroacetone- 
benzil (5 g.) in AcOH (50 c.c.) was shaken with Pt-black at 60° in H at atm. press. Absorption 
was slow and incomplete after many hours; when a stationary state was reached, the liquid 
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was filtered from Pt, and the least sol. substance (88-dimethylanhydroacetonebenzil) removed 
by fractional pptn. with H,O. From the residue, two substances were isolated by fractional 
crystn. from ligroin; the less sol. was 4-acetoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*®-cyclopentenone, 
which separated from ligroin (b. p. 100—120°) in well-formed prisms, m. p. 128—129° (Found : 
C, 78-5; H, 6-6. C,,H,.O, requires C, 78-7; H, 6:39%); the more sol. substance, long needles 
from ligroin (b. p. 60—80°), m. p. 120-5°, appears to be a dihydro-derivative of 6$-dimethyl- 
anhydroacetonebenzil (Found: C, 85-5; H, 7:3. Cy, gH. .O requires C, 86-4; H, 7-6%). 

(ii) B8-Dimethylanhydroacetonebenzil (1-0 g.), dissolved in 96% EtOH (40 c.c.), was shaken 
with Adams’s catalyst (0-2 g.) in H at 15° and atm. press. Absorption was very slow (182 c.c. 
in 16 hr.; 2H, = 176 c.c.) and then ceased; a repetition confirmed these observations. The 
product, after filtration from Pt, was treated with semicarbazide acetate for 24 hr., but no 
semicarbazone formation occurred; the oil, recovered by dilution and extraction with Et,O, 
was divided into two parts. One part, treated with 2: 4-dinitrophenylhydrazine sulphate, 
afforded a 2: 4-dinitrophenylhydrazone, m. p. 119° (indefinite) (after several crystns. from 
AcOEt-EtOH), which seems to be a mixture (yield, about 8%). The other part was treated 
with 3 : 5-dinitrobenzoyl chloride in C;H,N at 100° for 6 hr.; the product, whose homogeneity 
was doubtful, could not be crystallised satisfactorily, and separated from AcOEt-EtOH, first 
as an opalescence, and finally as a powder, m. p. 80—100° (indefinite) (yield, about 25%). 

The acetate, m. p. 128°, was heated for 0-5 hr. with aq.-alc. KOH, and the mixture cooled, 
diluted, and filtered; the ppt., cryst. from EtOH, had m. p. 181°, and was identical in every way 
[mixed m. p. (181°), cryst. form] with 68-dimethylanhydroacetonebenzil. 

Conversion of the Acetate, m. p. 128°, into the Acetate, m. p. 137°.—(a) A solution of the 
acetate, m. p. 128°, in Ac,O was boiled for 6 hr.; after removal of Ac,O in vac. over KOH, the 
product, a yellow gum which could not be crystallised, was hydrolysed with 5% alc. KOH; 
the ppt. obtained by dilution and acidification was insufficient for complete purification and 
had m. p. 140—150°, but gave the dark brown colour with FeCl, characteristic of 2-hydroxy- 
3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone, which is known to be the product of hydrolysis . 
of the acetate, m. p. 137°. 

(b) The acetate, m. p. 128°, with Ac,O containing a trace of H,SO, was heated to boiling 
and allowed to cool, the conditions leading to the direct production of the acetate, m. p. 137°, 
from ($$-dimethylanhydroacetonebenzil, being reproduced. After destruction of Ac,O with 
cold 2N-Na,CO,, the product was extracted with Et,O, dried (K,CO,), and evaporated. The 
oil solidified on rubbing, and, after draining, was repeatedly crystallised from ligroin (b. p. 
60—80°) and finally from EtOH; the substance had m. p. 135—136° and was identical with the 
acetate, m. p. 137° (mixed m. p. 136—137°). 

Catalytic Reduction of the Acetate, m. p. 137°.—Pt-black and H in AcOH or EtOH at 15—60° 
and pressures up to 3 atm., and colloidal Pd and H under similar conditions, were ineffective ; 
reduction occurs, however, with Adams’s catalyst. The acetate (0-5 g.), suspended in 96% EtOH 
(20 c.c.) at 15°, was shaken with Adams’s catalyst (0-1 g.) in H at atm. press.; steady absorption 
of H occurred during 4 hr. (184 c.c.: 5H, = 175 c.c.). A second expt. yielded similar results. 
The reduction product, 3(or 4)-cyclohexyl-4(or 3)-phenyl-5 : 5-dimethylcyclopentanone, was a 
thick oil, and was characterised by the preparation of the 2 : 4-dinitrophenylhydrazone, which 
formed orange laminze from EtOH, m. p. 194° [Found : C, 66-75; H, 6-7; M (Rast), 407, 411. 
C,;H390,N, requires C, 66-7; H, 6-7%; M, 450]. Since @-acetyl-2 : 4-dinitrophenylhydrazine 
is described as melting at 193—194° (Purgotti, Gazzetta, 1894, 24, i, 561), and 196—197°, 197—-198° 
(Curtius and Dedichen, J. pr. Chem., 1894, 50, 262; Curtius and Meyer, ibid., 1907, 76, 382), a 
specimen of this substance was prepared; it had m. p. 198—200°, and differed sharply in its 
physical character from the foregoing hydrazone, whose m. p. it depressed. A blank expt. in 
which the acetate, m. p. 137°, in 96% EtOH was shaken with the previously reduced catalyst 
in N for 24 hr. showed that no alcoholysis of the acetyl group occurs under the conditions used. 

Catalytic Reduction of the Acetate (IX), m. p. 92°.—The acetate (0-66 g.), dissolved in EtOH 
(dry : 25 c.c.), was shaken with Adams’s catalyst (0-1 g.) in H at atm. press. The absorption 
was slower than in the case of the isomeric acetate, m. p. 137°; 131 c.c. H, (3H, = 135 c.c.) 
were taken up in 2-5 hr., absorption ceasing after 72 hr. (227 c.c. H,; 5H, = 225¢c.c.). The 
reduction product by treatment with 2 : 4-dinitrophenylhydrazine sulphate gave 3(or 4)-cyclo- 
hexyl-4(or 3)-phenyl-5 : 5-dimethylcyclopentanone-2 : 4-dinitrophenylhydrazone, orange laminze 
from EtOH, m. p. 194-5° (Found : C, 66-65; H, 6-6. C,;H,,0,N, requires C, 66-7; H, 6-6%), 
which was identical with the prepn. described above; a mixture containing equal quantities of 
each specimen had m. p. 194—194-5°; after solidification, the mixture had m. p. 194-2° on 
remelting. 
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4-Ethoxy-3 : 4-diphenyl-5 : 5- dimethyl- A*-cyclopentenone. — BB - Dimethylanhydroacetone- 
benzil (2-75 g.) was heated for 140 hr. with EtI (30 c.c.), “ activated ”’ Ag,O (11 g.) prepared by 
means of NaOH, and a trace of powdered NaOH; excess of EtI was removed, the residue 
extracted with boiling acetone (5 x 20 c.c.), and the combined extracts evaporated. On 
treatment with warm ligroin (b. p. 40—60°) partial crystn. occurred, giving unaltered 
66-dimethylanhydroacetonebenzil (0-4 g.), which was filtered off and washed with 
cold ligroin. The ligroin washings and solution were combined and evaporated, and the 
resulting gum rubbed with a little MeOH; crystn. occurred at once, and the solid was filtered 
off. 4-Ethoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (1-5 g.) separates from MeOH in 
rosettes of needles, m. p. 80—80-5° (Found: C, 82-3; H, 7-3; OEt, 14-4. C,,H,.O, requires 
C, 82-4; H, 7-2; OEt, 14.7%), and depresses the m. p. of 2-ethoxy-3 : 4-diphenyl-5 : 5-dimethyl- 
A*-cyclopentenone. When treated with 2: 4-dinitrophenylhydrazine sulphate in EtOH, it 
rapidly gives a compound, C,,H,,0,;N,, orange needles from AcOEt or plates from amyl alcohol, 
m. p. 204° (decomp.), which does not contain OEt (Found : C, 65-6, 65-6, 65-4; H, 4-9, 4-9, 4-7; 
N, 12-2. C,;H,,O,N, requires C, 65-5; H, 4:8; N, 12:2%). The same substance is formed 
when a solution of 2: 4-dinitrophenylhydrazine in EtOH containing 2 drops of conc. HCl at 
50° is used; under these conditions, but omitting the hydrazine, the ethoxy-compound, m. p. 
80°, decomposes to yield a substance (or substances), m. p. 70—90°, giving a negative result in 
the Zeisel estimation. The ethoxy-compound becomes sticky on keeping, even in vac. over 
KOH. Attempts to regenerate 88-dimethylanhydroacetonebenzil from the ethoxy-compound 
with boiling 50% H,SO,, or HCl-AcOH at 130—135°, led to deep-seated decomp. 

4-Methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopenienone—The foregoing procedure was 
followed, with Mel (30 c.c.) in place of EtI, but boiling was continued for 10 days; after removal 
of Mel, the mixture was extracted with boiling acetone (5 x 20 c.c.), and the combined extracts 
concentrated. Unchanged material which separated was removed, and the filtrate completely 
evaporated ; the residue was extracted twice with hot ligroin (b. p. 60—80°), and the combined 
extracts concentrated; the cryst. product then obtained, recryst. two or three times from 
MeOH, formed stout colourless prisms of 4-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclo- 
pentenone, m. p. 148° (Found: C, 82-05; H, 6-85. Cy 9H.,.O, requires C, 82-2; H, 6-9%). A 
2 : 4-dinitrophenylhydrazone was obtained with difficulty on account of the tendency of the 
methoxy-compound to separate from MeOH; but by keeping a MeOH solution of 2 : 4-dinitro- 
phenylhydrazine sulphate, into which a hot MeOH solution of the methoxy-compound had been 
filtered, at 50° for 15 hr., the 2: 4-dinitrophenylhydrazone (XII), m. p. 196° (decomp.), was 
obtained (Found : C, 65-9; H, 5-1; N, 11:7; OMe, 6-8. C,,H,,O,;N, requires C, 66-1; H, 5-1; 
N, 11-9; OMe, 66%). A mixture of the hydrazone with the 2 : 4-dinitrophenylhydrazone of 
2-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone [m. p. 196° (decomp.)] exhibits 
little or no depression of the m. p.; nevertheless the hydrazones are isomeric and not identical. 
The 4-methoxy-hydrazone crystallises from AcOEt in orange-brown rosettes, whereas the 
2-methoxy-hydrazone forms bright yellow prisms; moreover, the hydrazones have different 
solubilities and mixed solubilities. The following figures relate to solubility in the same 
sample of abs. MeOH at 36° : 


4-Methoxyhydrazone. 2-Methoxyhydrazone. Mixture. 
0°00053 g./c.c. 0°00095 g./c.c. 0°00117 g./c.c. 


The above ether is unaffected by extended treatment with MeOH-conc. H,SO, at 50° (repro- 
duction of conditions of hydrazone formation). 


Derivatives of «BB-Trimethylanhydroacetonebenzil. 


Ethyl isoPropyl Ketone.—Interaction of isobutyramide and EtMgBr gave a poor yield of a 
product distilling completely below 110°. The ketone was readily prepared from isobutyryl 
chloride (75 g.) and ZnEt, (50 g.), the fraction of b. p. 114—115° (50 g.) being collected (cf. 
Michael, J. Amer. Chem. Soc., 1919, 41, 417). The p-nitrophenylhydrazone forms golden-brown 
prisms from EtOH, m. p. 133-5° (Found: C, 61-3; H, 7:2. C,.H,;O,N, requires C, 61:3; 
H, 7:3%); the 2: 4-dinitrophenylhydrazone separates from EtOH in orange laminz, m. p. 
109—109-5° (Found: C, 51-5; H, 5-75. C,,H,,O,N, requires C, 51-4; H, 575%). 

4-Hydroxy-3 : 4-diphenyl-2 : 5 : 5-irimethyl-A®-cyclopentenone (aB8-Trimethylanhydroacetone- 
benzil) (XV).—COEtPr® (48 g.) was condensed with benzil (80 g.) under the conditions described 
by Japp and Meldrum (J., 1901, 79, 1039); having been kept for 12 weeks, the mixture was 
heated under reflux on the steam-bath for 24 hr. and poured into H,O and the ppt. filtered off. 
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Twice recryst. from EtOH, the substance formed colourless prisms (4 g.), m. p. 131°, and reacted 
slowly to yield the 2 : 4-dinitrophenylhydrazone, m. p. 184—185° (decomp.), red needles from 
AcOEt-EtOH (Found: C, 66-1; H, 5:1. CygHO;N, requires C, 66-1; H, 5-1%). «6-Tri- 
methylanhydroacetonebenzil could not be acetylated by treatment with keten in Ac,O or Et,O, 
or with hot Ac,O. 

3 : 4-Diphenyl-5 : 5-dimethyl-2-methylene-A*-cyclopentenone (XVII).—A solution of «8-tri- 
methylanhydroacetonebenzil (2-5 g.) in Ac,O (25 c.c.) containing 5 drops of H,SO, deposited, 
slowly at 15° and‘rapidly on boiling, a red solid (1-0 g.) which, recryst. from hot toluene, gave 
3 : 4-diphenyl-5 : 5-dimethyl-2-methylene-A®-cyclopentenone in orange-red plates, m. p. above 
290° (Found : C, 88-3; H, 6:4. Cy9H,,O requires C, 87-6; H, 66%). A further small quantity 
was obtained by decomp. of the Ac,O mother-liquor with H,O. The substance is unaffected 
by hot 2N-NaOH. Dissolution in CHCl, and ozonolysis at 0°, followed by decomp. of the 
ozonide with hot H,O, gave H-CHO (resorcinol test), benzoic acid, and an aldehydic (ketonic) 
substance (p-nitrophenylhydrazone, m. p. 117—118°), the amount of which was insufficient for 
purification. 

4-Chlovo-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone (XVIII) and 2-Chloro-3 : 4-diphenyl- 
5 : 5-dimethyl-A3-cyclopentenone (XX).—8$-Dimethylanhydroacetonebenzil (3 g.) was heated 
on the steam-bath for } hr. with SOCI, (10 c.c.) (cf. Allen and Spanagel, Joc. cit.), the product 
poured into H,O and extracted with Et,O, and the roughly dried (CaCl,) extract allowed to 
evaporate. The resulting solid was treated with warm ligroin (b. p. 40—60°) and repeatedly 
crystallised from m-Bu,O, 4-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (0-6 g.), 
m. p. 133°, being obtained (Found: Cl, 11-8. Calc. for C,,H,,OCI: Cl, 12-0%). This chloride 
crystallises unchanged from MeOH or EtOH in magnificent prisms, m. p. 133°, mixed m. p. 133° 
(cf. Allen and Spanagel, Joc. cit.); it is unaltered by 7 days’ standing in cold H,O; it slowly 
gives a 2: 4-dinitrophenylhydrazone, m. p. 197° (decomp.), which forms scarlet needles from 
AcOEt (Found: C, 63-1; H, 4:5; N, 11-4. C,;H,,O,N,Cl requires C, 63-0; H, 4-4; N, 11-7%). 

The »-Bu,O mother-liquors and the ligroin washings were mixed and evaporated, giving a © 
gummy solid, readily sol. in m-Bu,O; crystn. from ligroin (b. p. 60—80°) yielded two products, 
separable in part by hand picking: (a) m. p. 128°, faintly pink felted needles, consisted mainly 
of 4-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (mixed m. p.; Found: Cl, 11-5%); 
(b) m. p. 122°, colourless star-shaped aggregates, depressed the m. p. of the 4-chloro-compound 
to below 100°, and consisted mainly of 2-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone 
(Found: C, 76-8; H, 5-8; Cl, 12-5. C,gH,,OCI requires C, 76-9; H, 5-7; Cl, 120%), the 
m. p. of which is raised to 126—127° by crystn. from -Bu,O or ligroin (b. p. 60—80°) (Found : 
C, 77-0; H, 5-75; Cl, 12-2%). The same two chlorides may be isolated by fractional crystn. 
of the foregoing gummy solid from ligroin (b. p. 60—80°), in which the 2-chloride is the more sol. 

Reactions of 4-Chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone.—(i) With alcoholic 
potassium hydroxide. ‘The chloride (0-3 g.; 0-001 mol.) was refluxed for 10 min. with 8-5 c.c. 
(0-003 mol. KOH) of 2% alc. KOH. The solution became faintly green and then colourless and 
a white solid was pptd., consisting of KCl uncontaminated by any org. substance. The filtrate 
was diluted largely, and twice extracted with Et,O; the extract, washed with ice-cold 5% KOH 
aq., dried (CaCl,), and evaporated, gave an oil (0-20 g.) which solidified completely on rubbing 
with EtOH, and was identified as unchanged 4-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclo- 
pentenone (Found: C, 77-4; H, 5-9; Cl, 11-7%). The aq. alkaline liquor, by treatment with 
CO,, Et,O extraction, and drying and evaporation of the extract, gave traces of 2-hydroxy- 
3 : 4-diphenyl-5 : 5-dimethyl-A®-cyclopentenone (brown-violet colour with FeCl,). Use of an 
excess of 0-5% alc. KOH yielded the same results; in another expt. the product still contained 
Cl after 5 hrs.’ refluxing, and no trace of 6$-dimethylanhydroacetonebenzil could be isolated 
(cf. Allen and Spanagel, oc. cit.). 

(ii) With aqueous potassium hydroxide. The chloride was heated for } hr. on the steam-bath 
with 2N-KOH in aq.-acetone solution, the same colour changes being observed. After removal 
of acetone by evaporation, the cooled solution was extracted with Et,O, the aq. liquid treated 
with CO,, and the ppt. extracted with Et,O. After drying and evaporation, the second ethereal 
extract gave a good yield of 2-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone, identi- 
fied by m. p. 158°, mixed m. p. 158°, and by the characteristic colour reaction with FeCl,. 

(iii) With acetic acid and silver acetate. The chloride (0-5 g.), AcOAg (1-0 g.), and A.R. 
AcOH (5 c.c.) were refluxed for 10 min. and the solution was filtered from AgCl and excess of 
AcOAg and diluted. The solid obtained, m. p. 120—130°, cryst. from EtOH, gave 2-acetoxy- 
3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (0-3 g.); mixed m. p. 137°. The filtrate, 
combined with the alc. mother-liquor, was extracted with Et,O and the product obtained 
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by evaporating the dried extract was crystallised fractionally from ligroin (b. p. 40—60°); only 
the foregoing acetate, m. p. 137°, could be isolated, but it was accompanied by traces of oily 
matter. Repetitions yielded similar results. 

(iv) With methyl alcohol and silver acetate. ‘The chloride (0-6 g.), AcOAg (0-6 g.), and abs. 
MeOH (5 c.c.) were refluxed for } hr., and the filtered solution diluted. The product (0-5 g.) 
crystallised well from MeOH but did not appear to be homogeneous, since it melted at 122° toa 
turbid liquid which cleared at ca. 135° (cf. Allen and Spanagel, Joc. cit.). In a second expt. the 
MeOH filtrate was cooled; the greater part of the product then separated, m. p. 125—135°; 
the material pptd. from the MeOH mother-liquors by addition of H,O was small in amount, and, 
after crystn. from MeOH, had m. p. 125—135°. The product is a mixture of isomeric methoxy- 
3 : 4-diphenyl-5 : 5-dimethylcyclopentenones (Found: C, 82-2; H, 6-75; OMe, 10°8. CygHo9O, 
requires C, 82-2; H, 6-9; OMe, 10-6%); recrystn. from ligroin, MeOH, AcOEt, Ac,O and other 
solvents did not alter the m. p., but on one occasion when ligroin (b. p. 60—80°) was used a 
largely complete separation on a small scale was effected, giving (a) a fraction, m. p. 144—145°, 
which, mixed with 4-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone, melted at 144°; 
and (b) a fraction, m. p. 141—142°, which depressed the m. p. of the last-named 4-methoxy- 
compound to 118°, and probably consisted of 2-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*- 
cyclopentenone. 

(v) With ethyl alcohol and silver acetate. The chloride (0-5 g.), AcOAg (0-5 g.), and EtOH 
(dried with Ca) (5 c.c.) were refluxed for 10 min., and the filtered solution diluted with H,O, 
extracted with Et,O, and separated into neutral and quasi-acid fractions. No quasi-acid 
matter was obtained, and the neutral fraction was a gum (0-5 g.), which was very sol. in EtOH 
and contained Cl; no trace of 88-dimethylanhydroacetonebenzil could be found (cf. Allen and 
Spanagel, /oc. cit.). In a second expt., equal wts. of the chloride and AcOAg were refluxed with 
EtOH (dried with Mg) for 2 hr.; the product was free from Cl and formed a resin-like mass, very 
sol. in EtOH (Found : OEt, 12-1. C,,H,,O, requires OEt, 14-7%) ; it contained no 6$-dimethyl- 
anhydroacetonebenzil; acidification of the 5% aq.-KOH used to wash the Et,O solution of the 
product gave no 2-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone. Treatment of 
the product with 2: 4-dinitrophenylhydrazine sulphate yielded a bisdinitrophenylhydrazone, 
scarlet needles, m. p. 245°, from AcOEt (Found: C, 58-8; H, 3-9. C,,H,.O,N, requires C, 
58-3; H, 4:1%), which appears to be isomeric and not identical with the osazone, m. p. 243°; 
a second, more sol. dinitrophenylhydrazone was also isolated, golden-yellow plates, m. p. 252°, 
from EtOH (Found: N, 9-8%). 

Reactions of  2-Chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone.—(i) With aqueous 
potassium hydroxide. The chloride, by treatment with 2N-KOH and a little acetone on 
the steam-bath, gave a good yield of 2-hydroxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone, 
m. p. 158°, which was unaccompanied by any other product. 

(ii) With acetic acid and silver acetate. The chloride (0-1 g.), AcOAg (0-2 g.), and A.R. 
AcOH (3 c.c.) were heated under reflux for } hr.; after filtering from AgCl and excess of AcOAg, 
the liquid was diluted, and the ppt. collected. The product was 2-acetoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A*-cyclopentenone, m. p. 137° after crystn. from EtOH, mixed m. p. 137°; it 
appeared to be accompanied by traces of other material, which could not be obtained cryst. 

(iii) With methyl alcohol and silver acetate. The chloride (0-1 g.) and AcOAg (0-1 g.) were 
refluxed with abs. MeOH for $ hr., and the hot solution filtered into H,O. The ppt., m. p. 115— 
120°, was crystallised from MeOH; a fortuitous but largely complete separation of the isomeric 
methoxy-compounds was achieved. The first crop had m. p. 140—141° after softening at 130°, 
and, recryst., m. p. 142°; it depressed the m. p. (148°) of 4-methoxy-3 : 4-diphenyl-5 : 5-dimethyl- 
A*-cyclopentenone to 122° and consisted of 2-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A%-cyclo- 
pentenone. The second crop was similar to the first, but the third crop had m. p. 147° after 
softening at 144°, m. p. 148° after recrystn., and did not depress the m. p. of the pure 4-methoxy- 
compound. 

Synthesis of 2-Chloro-3 : 4-diphenyl-5 : 5-dimethyl-A%-cyclopentenone.—Cl was passed into 
3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone (1-5 g.) at 100° until an increase of wt. of 0-2 g. 
resulted. The viscous product was dissolved in n-Bu,O, and the solution kept at ca. 0°; cryst. 
material then separated. The first crop, recryst. several times from n-Bu,O, consisted of 
2-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone, m. p. 126°; it did not depress the 
m. p. of a specimen prepared from 6$-dimethylanhydroacetonebenzil as above, and depressed 
the m. p. (133°) of the 4-chloro-isomeride to 104°. The second crop consisted largely of well- 
formed rhombs; after repeated crystn. from ligroin (b. p. 60—80°) these had m. p. 121°, and 
depressed the m. p. of 2-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone. The sub- 








The Determination of Dissociation Constants of Monobasic Acids. 731 


stance is probably 3(or 4)-phenyl-4(or 3)-p-chlorophenyl-5 : 5-dimethyl-A’-cyclopentenone 
(Found: Cl, 11-8. C,,H,,OCI requires Cl, 12-0%), since the Cl atom cannot be removed 
by extended treatment with AcOAg in boiling AcOH (the compound is recovered unaltered), 
and on ozonolysis gives benzoic and p-chlorobenzoic acids. 

3 : 4-Diphenyl-5 : 5-dimethyl-A’-cyclopentenonylidene-3 : 4- diphenyl-5 : 5-dimethyl - A3-cyclo- 
pentenone (XXI).—When 4-chloro-3 : 4-diphenyl-5 : 5-dimethyl-A?-cyclopentenone is heated 
under reflux with Ac,O or PhCN for 1—2 hr., HCl is eliminated, and a yellow solid separates 
(yield, almost theo.) ; the same substance is obtained from the 2-chloro-A*-isomeride. Recryst. 
from AcOH, the compound forms yellow laminz, which turn red at 240—245° and melt at 300° 
[Found : C, 87-6; H, 6-2; M (Rast), 503, 513. C,,H,,O, requires C, 87-7; H, 6-2%; M, 520]. 
Solutions of the compound in boiling EtOH, AcOH, Ac,O, or PhCN are red, the colour fading to 
yellow on cooling. Oxidation with H,O, in the presence of traces of Fe** was ineffective, but 
treatment with KMnO, (equiv. to 30) in warm acetone afforded the anhydride of «$-oxido- 
«B-diphenyl-yy-dimethylglutaric acid, which crystallised from Et,O in fine rhombic prisms, 
m. p. 160° (Found: C, 73-9; H, 5-2. Calc. for C,,H,,O,: C, 74:0; H, 5-2%) (cf. Japp and 
Michie, /oc. cit.). The neutral part of the oxidation product, treated with 2 : 4-dinitrophenyl- 
hydrazine sulphate, gave mesityl oxide 2: 4-dinitrophenylhydrazone, scarlet needles from 
AcOEt, m. p. 201° (Found: C, 51-9; H, 5-1; N, 20-1. C,,H,,O,N, requires C, 51-8; H, 5-1; 
N, 20-1%); the mesityl oxide was undoubtedly derived from the acetone used as the medium 
in the oxidation. 
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182. The Determination of Dissociation Constants of Monobasic Acids. 
By D. J. G. IvEs. 


A KNOWLEDGE of the equivalent conductivity at zero concentration is required for the 
determination of dissociation constants by the conductivity method, and is usually obtained 
by application of the law of independent mobilities of ions. For monobasic acids, sodium 
salt conductivity data are extrapolated to zero concentration, and accepted values of the 
mobilities of the sodium and the hydrogen ion are used. That dissociation constants of 
reasonable accuracy can be obtained without this independent information is shown by the 
present work. 

Methods based on the dilution law alone, when applied to weak acids, give misleading 
results. The errors due to neglect of mobility and activity changes, whilst not intrinsically 
large, are greatly magnified, as the length of the extrapolation is necessarily much greater 
than that of the experimental range. The only other method available for weak acids is 
that of deriving the equivalent conductivity at zero concentration (Ag) on the basis of the 
number of carbon atoms in the molecule, and is only approximate. 

A method has now been devised suggested by an equation proposed by Onsager 
(Phystkal. Z., 1927, 28, 277), viz., 


A + aC# = Ag — AgC/K 


which is only applicable to highly dissociated electrolytes, since it involves the assumption 
that A/A, may be taken as unity. Values of Ay and K are found by plotting A + aC;! 
against C, C; being the concentration of each ionic species, A the equivalent conductivity at 
total concentration C, A, that at infinite dilution, and a a constant depending on the 
solvent and the value of Ap. 

The new method is based on the following principles. The true dissociation constant of 
a binary electrolyte in dilute aqueous solution is equal to the product of the activities of the 
ions divided by the activity of the undissociated molecules; hence 
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where Cy is the concentration of undissociated molecules, and f the mean ion activity 
coefficient referred to that of the undissociated molecules as unity. This equation may be 


expanded in the following way. 
Since Ci = «aC = AC/Az and Cy = (1 — «)C = (Az — A)C/Az, where « is the degree 


of dissociation and A; the sum of the mobilities of the ions at concentration C, then 
K = A2Cf?/Az(Az —_ A) . . . . . . . . (2) 


Az is related to Aj by means of Onsager’s ionic mobility equation (Trans. Faraday Soc., 
1927, 23, 341) and is obtained by application of the equation to the ionised part of the solute 
(Davies, ibid., p. 351), thus: Ag = Ay — a(AC/Az)' = Ay — aC#*. Equation (2) may 


therefore be rewritten 
K = A®Cf?/(A, — aC#)(Ag—aCi##— A) . . . 68) 
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According to the Debye—Hiickel theory relating the activity of ions to their concen- 
tration (Noyes, J. Amer. Chem. Soc., 1924, 46, 1080), the mean ion activity coefficient is 
given by log f = — AV Ci, where A is a constant, which should have the value 0-5065 for 


uni-univalent electrolytes in water at 25°. 
The expression for the true dissociation constant can therefore finally be written 


K = A®%C x 10°*4VG (A, — aC#)(Ag—aC#— A). . . . (4) 


which may be rearranged thus 
A + aCi# = Ay — A®C x 10*4VG( A, —aC#)K . ww. (5) 


By plotting A + aC# against A2C x 104 /(A, — aC) a straight line should be 
obtained of gradient 1/K and intercept at C = 0 of Ao. 

Unfortunately, the Debye—Hiickel ionic activity equation applies only to very dilute 
solutions (MacInnes and Shedlovsky, J. Amer. Chem. Soc., 1932, 54, 1429; Davies, ibid., 
p. 1698); with increasing concentration ‘‘ medium effects ’’ due to un-ionised molecules of 


the solute cause a divergence. 
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Some accurate measurements have been carried out at 25° with the view of providing 
additional data as to the range of applicability of the Debye—Hiickel equation. It is shown 
in a later section that equation (5) can be used successfully as a method of extrapolation 
over this range, and approximations are suggested whereby it may be applied to more 
concentrated solutions. 

EXPERIMENTAL. 


The apparatus, which has already been described (Ives and Riley, J., 1931, 1998), was not 
altogether satisfactory according to modern views (cf. Jones and Josephs, J. Amer. Chem. Soc., 
1928, 50, 1049; Shedlovsky, ibid., 1930, 52, 1739) and considerable error occurred in resistance 
measurements owing to indiscriminate earthing and screening. Such errors, however, can be 
represented by a constant factor over the entire resistance range and are expressed in the cell 
constant (cf. Shedlovsky, /oc. cit.). 

Errors of a variable nature are more significant and must be considered in detail. 

(1) Polarisation. A very small oscillating current of frequency 1200 was used, necessitating 
the use of a two-stage amplifier. Resistances below 250 ohms were not measured, and a cell with 
large, grey, platinised electrodes was used (const. = 0-07623). 

(2) The Parker effect (Jones and Bollinger, J]. Amer. Chem. Soc., 1931, 53,411). The sym- 
metrical design of the cell was such as to minimise this effect, relegating the resistance capacity 
shunt, of which it is a function, to that between the contact tubes of the cell. The resistance of 
the thermostat water between these tubes was found to be very low, a condition tending to 
reduce the effect. 

(3) The use of water as a thermostat liquid is alleged by Jones and Josephs (loc. cit.) to be 
undesirable owing to ‘“‘ capacity by-path’”’ and eddy-current effects. The errors so produced 
would appear to be of opposite sign, and no error whatever could be detected in comparative 
experiments using (a) C,H,, (b) conc. KCl aq. directly earthed as bath liquids. 

There seems some justification, therefore, in assuming that the apparatus was capable of 
measurements of considerable relative accuracy over a wide resistance range, although no claim: 
to any great absolute accuracy can be made. 

The weight dilution method was employed in making up the solutions, and since the original 
weighing of the solute was the least accurate operation, the results quoted are dependent in 
every case on a single series of dilutions. All weighings were corrected to vac., and a separate 
series of dilutions was used for density determinations. H,O of «<0-3 x 10-* mho was used, 
and the solutions were exposed as little as possible. 

In all the measurements, the following method of filling the cell was used. After being 
rinsed with the solution, the cell was filled and placed in the thermostat until a const. reading 
was obtained. It was then emptied, rinsed again, refilled, and a second reading obtained. In 
every case the difference between the two readings was exceedingly small, and the second was 
taken as correct. The cell was then filled with conductivity water and kept in the thermostat 
for } hr. before the next dilution was effected. The entire series of dilutions was carried out 
without any break, in as regular a manner as possible. 

Pure AcOH, Ph-CO,H, and vinylacetic acid were examined in this manner. To prepare the 
first, B.D.H. ‘‘ A.R.” acid was frozen out and redistilled several times from small amounts of 
KMn0O,, and then from small quantities of P,O;; the acid, m. p. 16-40°, was finally distilled with 
a trace of added H,0O in an all-glass apparatus, and the excess of H,O in the distillate was cal- 
culated from the f. p. Ph-CO,H was recryst. several times from conductivity H,O and finally 
sublimed. The last acid was kindly provided by Dr. R. P. Linstead. 

Values of Ag were determined by application of the Onsager ionic mobility equation (Trans. 
Faraday Soc., 1927, 28, 341) to data from the Na salt. Dissociation consts. were calculated, 
correction for mobility changes being applied by means of the Onsager equation (Davies, loc. cit.). 
Logarithms of the dissociation consts. were plotted against /C;; the curves obtained are shown 
in the fig., the broken lines indicating the theo. slope according to the Debye—Hiickel activity 
equation. The agreement between the exptl. and the theo. slope in the more dil. solutions is 
apparent from these curves, and also from the true dissociation consts. calculated on the basis 
of the theo. slope (2A = 1-0130) shown in Table I, and provides confirmation of the theo. value 
of the const. A in the equation. The possible errors in A, and the cell constant (see above) do 
not invalidate the results as a test of the Debye—Hiickel theory. In order to show this, the 
constants for ACOH and Ph-CO,H have been calculated with slightly different values of A, 
(cols. 4 and 5); these consts. differ numerically, but still show the same range of constancy, the 
condition required by the test. 

30 
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TABLE I. 
Acetic acid, Benzoic acid. 
Kx108. K’x108. K”’x105. yee (og —— 
(49= (Ao= (Ag= Ay = Ao = ho = 
C x 108. A. 390°35.) 389.) 391.) Cx 108. A. 380°15.) 379.) 381.) 


29°398 96207 =1°755 1:768 1749 8°2268 32°865 6°462 6°503 6°432 
18°177 12-187 1762 1-774 1-756 5°1571 40°973 6°481 6°520 6°448 
12°735 14°504 1°765 1778 1759  3°7007 47°845 6°491 6°534 6°460 
8°6879 17°475 1768 1-780 1762 2°7464 54°905 6°499 6°542 6°468 
6°0331 20°848 1768 1‘781 1-762 19875 63°623 6°507 6°550 6°475 
4:0724 25°199 1°769 1-782 1763 14295 73°711 6°506 6°550 6°473 
2°7450 30°441 1‘770 1‘783 1764 1-0335 85°017 6°512 6°559 6°479 
18814 36°424 1‘770 1‘783 1764 0°72014 99-171 6°502 6°549 6°468 
12454 44:229 1771 1‘784 1765 0°52110 113°48 6°505 6°553 6°470 
0°76141 55°556 1:770 1784 1:764  0°36504 130°95 6-508 6°558 6°471 

0°25091 151°23 6°508 6-561 6°470 

0717195 173°36 6°502 6°559 6°476 


Vinylacetic acid. 


GH sariicncousiiin 18°577 10°470 5°8346 3°1872 1°7564 0°93394  0°40274 
Bi Aaidesecinsatesetecaanns 18°530 24°483 32-390 43°094 56°746 75°401 108-23 
K Xx 10° (Ay = 382°05) 4°384 4414 4°429 4-441 4°443 4°443 4°443 


An attempt to obtain similar results with H-CO,H was not successful. Solutions of H-CO,Na 
showed a prolonged increase of conductivity whilst in the cell, and solutions of H-CO,H showed 
a decrease. This variation was not observed in a cell with small electrodes and seems to indicate 
catalytic decomposition of the formate ion at the surface of the Pt electrodes (cf. Miiller and 
Schwabe, Z. Elekirochem., 1928, 34, 170). 


DISCUSSION. 


The above results conform to the Debye-Hiickel ionic activity equation over a con- 
siderable range, and equation (5) has been used to calculate dissociation constants within 
this range, the value of A being taken as 0-5. The results are shown in Table II. 


TABLE II. 
Acetic acid. Benzoic acid. Vinylacetic acid. 
Ay = 391°6. Ag = 379°7. Ag = 382°0. 
C x 10°. K x 10°. C x 10°. K x 10°. Cc x 108. K x 1. 
4°0724 1°758 1°9875 6°527 3°1872 4445 
2°7450 1-759 14295 6°526 1°7564 4445 
1°8814 * 1°759 10335 6°533 0°93394 4°445 
1°2454 1-759 0°72014 6°522 0°40274 4°445 
0°76141 1759 0°52110 6°526 
0°36504 6°529 
0°25091 6°530 
0°17195 6°525 


In comparing these results with those in Table I, it must be borne in mind that the latter 
are also subject to error in both the mobility determinations and the cell constant. The 
values in Table II, however, are independent of any reference to recorded mobility data, 
and the absolute accuracy of the experimental conductivity data is therefore of no import- 
ance. Multiplication of the experimental A values by a constant factor produces only a 
slight change in the value of the constant, although, of course, a considerable change in the 
value of Ay which is deduced by means of equation (5); e¢.g., if A is multiplied by 1-2 in the 
acetic acid data, the constant changes from 1-759 x 10-° to 1-748 x 10-5, the A, value being 
changed from 391-6 to 471-2. The values of A, obtained by means of equation (5) therefore 
cannot be compared with those directly determined as a criterion of the successful applic- 
ation of the equation in determining dissociation constants. 

The fundamental quantity in the calculation of dissociation constants by this method is 
the rate of change of equivalent conductivity with concentration; an accurate knowledge 
of the cell constant is not required, since errors in the absolute values of the conductivities 
are only significant in so far as they affect the constant in the Onsager equation. There is 
reason to suppose, in fact, that the results in Table II may be more accurate than those in 
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Table I; for instance, the value for acetic acid in Table II agrees more closely with recent 
very accurate determinations, viz., 1-752 x 10-° (MacInnes and Shedlovsky, Joc. cit.) and 
1-754 x 10-5 (Harned and Ehlers, J]. Amer. Chem. Soc., 1932, 54, 1350). 


Extension to Wider Concentration Range. 


In routine conductivity work, where dissociation constants are required to an accuracy 
of + 1%, the precision of the measurements is usually not sufficient to show the curvature 
apparent in the figure. The experimental points over a normal working range are repre- 
sented within experimental error by a straight line of gradient 2 x 0-39 to 2 x 0-40, which 
provides constants of the required order of accuracy (cf. Ives, Linstead, and Riley, this vol., 
p. 561). The question arises, therefore, as to whether the method can be extended to apply 
over a wider concentration range by assuming a value for the constant A of this order. 

In Table III results are given for a number of acids covering a wide range of 
strengths which have been obtained by assuming for A the value 0-39. Ky, is the “ true” 
constant obtained in an orthodox manner, and Kg is that obtained by use of equation (5). 


TABLE III. 
trans-8-Methyl-aB-pentenoic aB-Hexenoic acid.* o-Chlorobenzoic acid.t 
acid.* Cx 10%. 105K, 105K,, Cx 10°. 109K, 108K. 
C x 10%. 105K,. 105K. 81482 1:97 1:94 6°662 1:20 1:20 
23°5159 0°73 0-71 6°3478 1:98 1°94 3°331 1-21 1-21 
12-9198 0°73 0°72 3°3387 1:98 1:95 1-666 1:22 1-21 
4°4848 0°74 0°72 3°2789 1:98 1:95 0°8327 1-22 1-21 
1°5219 0°73 0°72 17130 1:98 1:95 0°4163 1-22 1:19 
0°4864 0°74 0°73 14410 1:98 1:95 bos —? 
0-0791 0°73 0-72 0°9354 1:98 1-95 3 : 5-Dinitrobenzoic acid.t 
_— 0°6090 1-98 1°95 Cx 10%. 108K, 108K,. 
: By-Pentenoic acid. 0°5110 1-97 1°94 3:929 1-50 1-53 
Cx 10%. 105K, 105K,. 1-965 1°51 1°53 
13°4464 3:12 313 sls 0°9823 1:50 1°54 
7°7378 3°12 3°13 Vinylacetic acid. 0°4012 151 1:54 
2°1063 3°12 3°14 Cx 10% 105K, 105K. 0°2456 wee 1-54 
06712312 3°13 185765 4°46 4-40 BE a a 
0°3343 3°12 3°13 10°4697 4:48 4°42 Formic acid.t 
ee 7:2557 4°49 4°42 Cx 10%. 104K, 10¢K;. 
Benzoic acid.* 58346 449 4°43 32:08 1-86 1-87 
Cx 10% 105K,. 105K. 3°4544 4°49 4°43 15°95 1-85 1-87 
50315 6°44 6°47 3°1872 4°49 4°43 8809 1:86 1:88 
2-6692 6°46 6°48 1°7564 4°48 4°42 4/161 1:86 1:88 
1°5147 6°46 6°48 0:9339 4:48 4°41 3°855 1:86 1:87 
0°8245 6°46 6°48 0°8804 4:48 4°41 1923 1-86 1:88 
0°4500 6°46 6°47 0°4800 4:49 4°42 1-052 1°85 1:87 


* Ives, Linstead, and Riley, Joc. cit. 
¢ Auerbach and Zeglin, Z. physikal. Chem., 1922, 108, 191; calculations by Davies, ‘‘ Conductivity 


of Solutions,’’ 1930, p. 91. 
t Kendall, J., 1912, 101, 1275; calculations by MacInnes, J. Amer. Chem. Soc., 1926, 48, 2068. 


The comparisons shown in this table are not entirely satisfactory, since the data avail- 
able are scarcely of sufficient precision for the successful application of the method, and 
results showing least apparent experimental error have therefore been arbitrarily selected 
for the calculations. That such precision can be obtained with no special complication of 
apparatus is apparent from the data recorded in Table I, to which this method of approxim- 
ation has also been applied. Different assumed values of the constant A have been taken 
in order to show the latitude of error. The results of these calculations are shown in 
Table IV. 

A second method of approximation is based on the shape of the curve shown in the 
figure. It will be noticed that these curves are almost parallel, 7.c., medium effects become 
apparent at roughly the same ionic concentrations, irrespective of the strength of the acid. 
There is no theoretical justification for assuming that this is always the case, but any 
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divergence from such a type of curve is likely to be small. The shape of the curves after the 
deviation first becomes apparent is expressed fairly well by the simple equation 

2A = 1-00 — 50(VCi — 0-016), 
where 2A isthe gradient. The separate points in the figure indicate thisequation. Dissoci- 
ation constants have also been calculated on this basis and are shown in Table IV. 


TABLE IV. 

Acetic acid. Benzoic acid. Vinylacetic acid. 
A. Ag. K x 105. Ao. K x 10°. Ao. K x 10°. 
0°39 384°5 1°84 a= a= — ~- 
0°40 386°4 1-82 ~- — 383°2 4°44 
0°41 388°2 1-80 378°6 6°61 384°1 4°42 
0°42 390°15 1:78 379°1 6°59 385-0 4°39 
0°43 392°0 1°76 379°5 6°57 — — 
oC; 393°6 1-74 380-0 6°51 382°9 4°42 


It is evident that if a mean value for the gradient is used, it is dependent on the con- 
ductivity range studied (which in the case of acids is roughly equivalent to a range of ionic 
concentrations) and also on the distribution of the experimental points within this range. 

The essential process of the method is the same as that suggested by Davies (Trans. 
Faraday Soc., 1927, 23, 351), viz., the selection of a value of A, such that the log (C#/Cu)- 
VC; curve shall fulfil a given condition. This condition is that it shall be a straight line of 
gradient conforming to the Debye—Hiickel theory, and these approximations, involving an 
assumption that any acid shall diverge from the theory in a perfectly standard manner, 
cannot be considered satisfactory, since there is no theoretical justification for such an 
assumption. They may, however, provide a method of obtaining fairly reliable dissoci- 
ation constants in cases where other methods are not available. The fact remains, however, 
that provided precise measurements be available below the range where medium effects 
enter, the suggested equation is capable of providing accurate dissociation constants with- 
out any previous knowledge of mobilities. The equation should be applicable to any 
electrolytes which are free from complex formation or secondary dissociation, such a class 
being limited to acids and bases in water and also, possibly, some salts in non-aqueous 
solvents. 

Method of Computation. 

In order to avoid confusion, the method of application of equation (5) has not yet been 
described. Any value of Ay may be assumed as the starting point in the calculation, and 
the corresponding value of a in the Onsager equation obtained. Mobility corrections are 
now applied to the ionised part of the solute (see Davies, Trans. Faraday Soc., 1927, 28, 
351; Banks, J., 1931, 3341), and for edch experimental value of A the corresponding values 
of C; (based on the assumed value of Ag) and of A + aC# and A®C x 10%4VG/(A, — 
aC#) deduced. An extrapolation is now carried out. Graphical methods are not suffi- 
ciently accurate or reproducible for this purpose, and the methods of “‘ least squares ”’ or 
‘“‘ zero sum ”’ may be employed. The former method has been used in these calculations, 
and is applied as follows. If y= A+ aCé, x = A®C x 10°°4VYG/(A, — aC), m = 1/K, 
and c = Ag, by solving the simultaneous equations 

m=x + nc — Xy = 0, 

m= (x)? + cix — X(xy) = 0, 
where ” is the number of experimental quantities, a new value of Ay is obtained. Starting 
with this new value, the entire calculation is repeated until a constant value is obtained, 
whereupon K may be calculated. 

The type of approximation is shown below, successive values of Ay, obtained from series 
of calculations starting with three different assumed values of Ag, viz., (1) 360, (2) 380, 
(3) 400, being used for benzoic acid. 

(1) 360, 380-24, 379°86, 379°88. (2) 380, 379°86, 379°88. (3) 400, 379°48, 379°88, 379-88. 
A, from mobility data = 380°15. 
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SUMMARY. 


(1) Precise comparative measurements of the conductivities of aqueous solutions of 
acetic, benzoic, and vinylacetic acids have been carried out with the view of providing 
additional data as to the range of applicability of the Debye—Hiickel theory, and it is shown 
that these acids conform closely to the theory over a considerable concentration range. 

(2) An equation based on the Ostwald dilution law, the Onsager equation, and the 
Debye-Hiickel equation has been devised whereby A, values and dissociation constants 
may be calculated from conductivity data over this range. 

(3) The equation has been applied to the accurate data on the above three acids, and it 
is shown that accurate dissociation constants may be determined without any reference to 
recorded mobility data and independently of the absolute accuracy of the conductivity 
measurements. 

(4) Methods of approximation have been suggested whereby the method may beextended 
to a wider conductivity range, and have been tested by application to acids already studied. 


The author records his thanks to Prof. W. Odell and Prof. H. L. Riley for their interest and 
advice. 
IMPERIAL COLLEGE, LONDON, S.W. 7. [Ieceived, May 5th, 1933.] 





183. The Simultaneous Preparation of 2:3:4- and 2:3: 6-Trimethyl 
Glucose. 


By GEORGE J. ROBERTSON. 


THE primary object of this investigation was a synthesis of 2:3: 6-trimethyl glucose 
which would give easy access to this important reference compound. The scheme of 
reactions achieved its purpose, but owing to the catalysed migration of an acetyl group 
from position 4 to position 6 during the process of methylation, the way was opened to the 
simultaneous preparation of 2:3:4- and 2:3: 6-trimethyl glucose. These isomeric 
sugars were formed in practically equal amount and were separated in a state of purity. 

A convenient starting point was found in 2 : 3-dimethyl «-methylglucoside (Irvine and 
Scott, J., 1913, 103, 575), which on treatment with one molecular proportion of triphenyl- 
chloromethane (cf. Helferich, Annalen, 1924, 440, 2) readily gave a triphenylmethyl deriv- 
ative in which it can be concluded, from the work of Helferich (loc. cit.; Annalen, 1926, 
450, 219), that the triphenylmethy] radical is attached in position 6. 

4-Acetyl-6-iriphenylmethyl-2 : 3-dimethyl a-methylglucoside was readily convertible into 
4-acetyl-2 : 3-dimethyl «-methylglucoside. The above structure is postulated, as it appears 
improbable that the conditions prevailing during the isolation are conducive to the 
migration of the acetyl group. In the subsequent methylation of the free hydroxyl group, 
at least five consecutive treatments with the reagents were necessary. During this pro- 
tracted process, however, there was not the slightest indication of the loss of acetyl content. 
The acetyl group and the glucosidic methyl group were eliminated by the usual methods of 
hydrolysis, and a clear syrup was obtained, which showed all the physical characteristics of 
a trimethyl glucose, but failed to crystallise even after nucleation with 2 : 3 : 6-trimethyl 
glucose. Consideration of the work of Helferich (Annalen, 1926, 450, 219; 1927, 455, 173; 
458, 111) immediately suggested the idea that the faintly alkaline nature of the methylating 
medium had induced a migration of the acetyl group from position 4 to position 6, and that 
the product was an equilibrium mixture of 2: 3: 4- and 2 : 3: 6-trimethyl glucose. 

The catalytic migration or rearrangement of acyl groups in partly substituted glucoses is 
now well authenticated and has been shown to be conditioned by the presence of minute 
traces of alkali. Helferich (loc. cit.) has shown that 1 : 2: 3: 4-tetra-acetyl 6-d-glucose is 
converted into an isomeric tetra-acetyl 8-d-glucose to which he ascribed the structure of a 
1:2:3:6-tetra-acetyl ®-d-glucose. Haworth, Hirst, and Teece (J., 1930, 1405) point 
out that position 4 is remote from position 6 in that the hydroxyl groups are situated in 
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different planes in the 6-glucopyranose configuration, and express the opinion that the new 
isomeride is derived from 1 : 2:3: 4tetra-acetyl 6-d-glucose by interaction in positions 
1 and 6 with the production of a derivative of orthoacetic acid. Now Helferich (Annalen, 
1927, 458, 111), in showing that 2 : 3 : 4-triacetyl 6-methylglucoside was similarly converted 
into an isomeric triacetyl 8-methylglucoside, which he considered to be 2 : 3 : 6-triacetyl 
8-methylglucoside, had already demonstrated that position 1 need not necessarily be 
involved in the above acyl rearrangement. When this evidence is considered in con- 
junction with the fact that Helferich’s supposed 1 : 2 : 3 : 6-tetra-acetyl 6-d-glucose is not 
identical with the 2:3: 4: 6-tetra-acetyl B-d-glucose obtained by Fischer and Delbriick 
(Ber., 1909, 42, 2778), there is little reason for the formulation of a derivative of ortho- 
acetic acid by interaction in positions 1 and 6 to explain the existence of Helferich’s tetra- 
acetate. Helferich’s explanation of the conversion of his 1 : 2 : 3 : 6-tetra-acetyl 8-d-glucose 
into 2:3: 4: 6-tetra-acetyl 6-methylglucoside on methylation with methyl iodide and 
silver oxide as being due to a further rearrangement of acyl groups is quite adequate. 
The results of the present investigation strongly support Helferich’s view that the 4- and 
the 6-position are involved in the above two cases and that 1:2:3: 4-tetra-acetyl 
B-d-glucose and 2 : 3 : 4-triacetyl 8-methylglucoside readily undergo acyl rearrangement to 
give 1:2:3:6-tetra-acetyl §-d-glucose and 2:3:6-triacetyl $-methylglucoside 
respectively. 

The evidence which is at present available in connection with the catalysed migration 
of acyl groups points to the idea that no generalisation can be drawn. The problem is 
complicated by the fact that in addition to acyl wandering, loss of acyl content often occurs 
in these reactions. For example, recent work in this laboratory (Irvine and Miller, un- 
published result) has shown that when 2 : 3-diacety] «-methylglucoside is methylated with 
the Purdie reagents 2: 3-dimethyl «-methylglucoside and 2:3: 4-trimethyl «-methyl- 
glucoside occur among the products. Miller has suggested the idea that there is a general 
tendency for acetyl groups to migrate from positions 2, 3, and 4 towards position 6 whenever 
a free hydroxyl group renders such rearrangement possible. The conversion of 2:3: 4- 
triacetyl «-methylglucoside into 3: 4: 6-triacetyl-2-methyl «-methylglucoside (Haworth, 
Hirst, and Teece, J., 1931, 2858) may not represent a simple migration of an acetyl group 
from position 2 to position 6, but may be the result of a general migration of groups 
towards the 6 position, 7.e., 4 to 6, 3 to 4, and 2 to 3. 

The problem is being further explored. 


EXPERIMENTAL. 

6-Triphenylmethyl-2 : 3-dimethyl a-Methylglucoside.—2 : 3-Dimethyl «-methylglucoside (8-95 
g.-) in 70 c.c. of dry pyridine was treated with triphenylchloromethane (11-23 g.; 1 mol.), and 
the mixture heated on a boiling water-bath for 1 hr. After cooling and filtration of the pptd. 
pyridine hydrochloride, the mixture was poured slowly into ice-water (800 c.c.). The sticky 
yellow solid pptd. became hard and granular in 12 hr. and, after washing with H,O, was dried 
(17 g., m. p. 152°). One crystn. from abs. EtOH gave 11-1 g. of pure 6-iviphenylmethyl-2 : 3-di- 
methyl a-methylglucoside, transparent plates, m. p. 169—170°. It had [a], + 66-4° in CHCl, 
(Found: C, 72:3; H, 6-6; OMe, 19-8. C,,H;,0, requires C, 72-4; H, 6-9; OMe, 20-05%). 

4-Benzoyl-6-iriphenylmethyl-2 : 3-dimethyl a-methylglucoside was obtained by treating 
6-triphenylmethyl-2 : 3-dimethyl «-methylglucoside (8-7 g.) with benzoyl chloride (2-5 c.c.) in 
dry pyridine (30 c.c.). The product, isolated as described above, was an amorphous white 
powder, m. p. 60°, and had [a]p + 62-7° in CHCl, (Found: OMe, 15-3. C;,;H;,0, requires OMe, 
164%). The triphenylmethyl residue is easily removed, but a separation of the resulting 
4-benzoyl-2 : 3-dimethyl «-methylglucoside from triphenylmethylcarbinol proved to be difficult. 

4- Acetyl-6-iriphenylmethyl-2:3-dimethyl a«- Methylglucoside—6-Triphenylmethyl-2 : 3-di- 
methyl a-methylglucoside (10 g.) in dry pyridine (25 c.c.) was treated with Ac,O (5 c.c.), and 
the mixture kept at the ordinary temp. for 12 hr. and then poured into cold H,O. The ppt. 
was washed and dried (10-65 g., m. p. 150—152°). 4-Acetyl-6-triphenylmethyl-2 : 3-dimethyl 
a-methylglucoside (8-7 g.) was obtained by crystn. from light petroleum (b. p. 60—80°) in clusters 
of needles, m. p. 153—154°, [a]p + 83-4° in CHCl, (Found: OMe, 18-0; Ac, 9-0. C,9H,,0, 
requires OMe, 18-4; Ac, 8-5%). 

4-Acetyl-2 : 3-dimethyl a-Methylglucoside.——A solution of 4-acetyl-6-triphenylmethyl-2 : 3- 
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dimethyl a-methylglucoside (8-7 g.) in C,H, was saturated with dry HCl. The initial rotation 
declined and became const. in 30 min. The C,H, solution was extracted repeatedly with H,O 
until the C,H, layer was inactive. The combined aq. extracts, which had been poured on solid 
NaOAc to depress the acidity, were filtered and extracted with CHCI, until the H,O was inactive. 
The CHCl, extract was dried, filtered, and evaporated to dryness under diminished press. and 
a clear mobile syrup (4°3 g.; calc., 4-54 g.) was obtained, j}>° 1-4590 (Found: Ac, 18-3. Calc. for 
C4;H»9,: Ac, 16°3%). 

Methylation of 4-A cetyl-2 : 3-dimethyl a-Methylglucoside.—Methylation was effected by means 
of MeI and Ag,O. On one occasion, after seven consecutive treatments with the methylating 
agents, 8-0 g. of initial material yielded 7-9 g. of a mobile syrup, nj}" 1-4510 (Found: OMe, 43-6; 
Ac, 19-7. Calc. for C,,H,,0,: OMe, 44-6; Ac, 15-5%). 

Trimethyl a-Methylglucoside.—The acetyl group was eliminated from the above monacetyl- 
trimethyl «-methylglucoside (7-9 g.) by boiling with N /10-alkali for 20 min. The cooled solution 
was extracted with CHCl,, the extract dried, filtered, and evaporated to dryness under diminished 
press., and 5-8 g. of a syrup obtained, b. p. 115—120°/0-2 mm., u}>" 1-4585, [«]p + 156-6° in 
CHCl, (Found: OMe, 51-4. Calc. for CygH 9O,: OMe, 52°5%). 

Trimethyl Glucose.—Trimethyl methylglucoside (5-4 g.) was hydrolysed with 5% HCI (initial 
rotation + 150-7°; const. value + 71-4° after 3 hrs.’ boiling). The solution was neutralised 
with BaCO,, filtered, extracted with CHCl, to remove traces of unhydrolysed material, and 
evaporated to dryness under diminished press. at 60°. The dry residue was extracted with 
CHCl, and the extract, on evaporation to dryness, yielded 4-9 g. of a clear syrup, nj" 1-4724, 
which did not crystallise even after nucleation with 2: 3 : 6-trimethyl glucose (Found: OMe, 
41-2. Calc. for CgH,,0,: OMe, 41:9%). The syrup (4-42 g.) was dissolved in MeOH (100 c.c.) 
containing 1% dry HCl. The initial rotation was + 67-4°; after 20 hr. the solution still 
reduced Fehling’s solution but the rotation was const. at + 37-5°. The acid was neutralised with 
BaCO;, most of the MeOH distilled away, the residue diluted with H,O, and the filtered aq. 
solution extracted with CHCl, until the optical activity of the aq. layer was const. The united ° 
CHCl, extracts, on evaporation to dryness, gave 2-4 g. of a mobile syrup (A). The aq. solution, 
on evaporation to dryness, gave 1-8 g. of a syrup (B). 

The mobile syrup (A) was hydrolysed in the usual way and yielded 2-03 g. of a product 
which crystallised spontaneously on the removal of the solvent. After one crystn. from Et,O 
it had m. p. 113—115°, alone or mixed with authentic 2:3: 6-trimethyl glucose (m. p. 
112—115°), 

The syrup (B) had [a«]j}° + 79° in H,O (cf. Irvine and Oldham, J., 1921, 119, 1748) and 
nis 1-4724. It (1-8 g.) was identified as 2 : 3 : 4-trimethyl glucose by conversion into the cryst. 
1 : 6-dinitrate (1-0 g.), m. p. 84°, and 86° after recrystn. from abs. EtOH (Oldham, J., 1925, 127, 
2840, gives m. p. 86°). 


The author is grateful to Sir James C. Irvine, C.B.E., F.R.S., for his interest and kindly 
criticism. 


THE UNIVERSITY, ST. ANDREWS. [Received, April 19th, 1933.] 





NOTES. 


Preparation of Hexadecanesulphonic Acid. By RoGER C. Murray. 


THE following method for the prep. of hexadecanesulphonic acid from the mercaptan gives a 
much more nearly quant. yield with less trouble than the published processes (Reychler, Bull. 
Soc. chim. Belg., 1913, 27, 110; Norris, J., 1922, 121, 2161). 

Hexadecyl iodide was added in small quantities with const. shaking to a solution of KSH 
(better than NaSH) in EtOH on the water-bath. The greyish-white product, cryst. from EtOH- 
EtOAc, gave colourless needles, m. p. 47—48°, consisting of a mixture of hexadecyl mercaptan 
(ca. 75%) and dihexadecy] disulphide, owing to the ready oxidation of the former to the latter 
(private communication from Prof. Hilditch). 

With Pb(OAc), in EtOH, it gave a yellow ppt. of lead hexadecylmercaptide (Found: Pb, 
28-1. Calc., 28-7%). The pure disulphide gives no ppt., which probably explains Fridau’s 
statement (Annalen, 1852, 88, 1), his substance being entirely dihexadecy] disulphide. 











740 Notes. 


Hexadecanesulphonic acid was prepared by the oxidation, which is vigorous, of the mercaptan— 
disulphide mixture or the pure disulphide with fuming HNO,. The resulting solution was 
evaporated to small vol., and the acid finally dried to const. wt. over CaO in a high vac. It 
crystallised well from 50% aq. EtOH. The solid acid contained 5% of H,O, was slightly brown, 
and gave clear aq. solutions, which curded on cooling. Unless the reaction mixture was heated 
for some time at 100°, the aq. solution of the sulphonic acid or its sodium salt was opalescent, 
possibly owing to the presence of not fully oxidised material, probably dihexadecyl disulphoxide, 
In the case of the sodium salt the cloudiness could be removed only by evaporation to dryness 
with aqua regia, six crystns. from EtOH being ineffective. The sulphonic acid (yield, ca. 98%) 
is very much more sol. than the sodium salt, in common with other org. sulphonic acids, and its 
gelling, or curding, power is very much greater and less sensitive to impurities. This is 
presumably due to a difference in the hydration of the H and Na ions. 

The hexadecanesulphonate radical can be estimated as the barium salt, the solubility of 
which, determined by washing the salt with boiling H,O, is about 4 times that of BaSO,. The 
ppt. must be kept at least 8 hr. before filtration and then dried at 120°. 

The conductimetric titration curve of the acid is very similar to that of HCl. 

The statement of Reychler (loc. cit.), that the reaction between hexadecyl mercaptan and 
HNO, is explosive, has not been confirmed. 





The author wishes to acknowledge the helpful suggestions and constructive criticism accorded 
him by Mr. G. S. Hartley, M.Sc.—TueE Srr WiLL1aM Ramsay LABORATORIES OF PHYSICAL AND 
INORGANIC CHEMISTRY, UNIVERSITY COLLEGE, Lonpon. [Received, April 13th, 1933.] 





The So-called 1: 2-Dihydropapaverine. By JOHANNEs S. Buck, 


THE interpretation given by Young and Robinson (this vol., p. 275) of the reactions involved 
in the synthesis of papaverine from homoveratroyl-w-aminoacetoveratrone (Buck, J. Amer. 
Chem. Soc., 1930, 52, 3610) is undoubtedly correct. The author has carried out mixed m. p. 
determinations with his “ 6:7: 3’: 4’-tetramethoxy-4-hydroxy-1 : 2 : 3 : 4-tetrahydroproto- 
papaverine ” and authentic homoveratro-§-veratrylethylamide, and also with his “‘ 6 : 7: 3’: 4’- 
tetramethoxy-9-keto-1 : 2-dihydroprotopapaverine ’’ and authentic 6 : 7: 3’ : 4’-tetramethoxy- 
1-benzoyl-3 : 4-dihydroisoquinoline (J., 1924, 125, 2184). In neither case was there a depression, 
and the pairs were otherwise identical. These observations confirm the views of Young and 
Robinson.—TucKAHOE, NEw York, U.S.A. ([Received, May 18th, 1933.] 





Isolation of Crystalline Atisine. By J. P. C. CHANDRASENA. 


TuBErRs of Aconitum heterophyllum grown in Northern India were treated by Jowett’s method 
(J., 1896, 69, 1518) and the resinous mass obtained was dried in vac., or the moist substance 
spread on porous plate. A solution of the resulting powder in EtOH was boiled under reflux 
(charcoal), concentrated, treated with EtOAc until cloudy, warmed till clear, and allowed to 
cool. Clusters of small needles separated, m. p. 314° (decomp.), [«]3%;, + 16-6° in 90% EtOH 
[Found : C, 69-2; H, 8-9; N, 3-7. C,,H;,0,N requires C, 70-0; H, 9:3; N, 3-7%. C,.H3,0,N 
(Adler’s formula) requires C, 77-4; H, 9-1; N, 4:1%]. The substance has no methoxy-groups, 
and suffers no loss in wt. when heated for 2 days over P,O, at 78°. 

Atisine Perchlorate ——The crude alkaloid was dissolved in dil. HCl and warmed with charcoal 
on the water-bath, and NaClO, aq. added to the filtered solution. The white ppt. obtained 
was thrice crystallised from hot H,O and formed light, white, silky feathers, m.p. 199° (Found : 
Cl, 8-0. C,,H,,O,N,HCIO, requires Cl, 8-0%. C,..H3;,;0,N,HCIO, requires Cl, 7-3%). 

The study of atisine is being continued—UNIvERsITy COLLEGE, COLOMBO, CEYLON. 
[Received, April 27th, 1933.] 





















